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(a) NUV-MAMA G230L
FUV-MAMA G140L

(b) CCD G230LB
NUV-MAMA G230L

(c) CCD G230MB
NUV-MAMA G230M

On-Orbit Scattered Light Analysis
To determine an approximate amount of scattered light for the STIS first-order gratings we fit a linear slope to the net count
rate spectrum and compared that to a similar mode, which is not affected by grating scatter in the region of overlap.

Figure 2:
The results given in Table
2 are based on the follow-
ing analysis:
• for P330E, compare the

FUV-MAMA G140L
mode with the NUV-
MAMA G230L mode to
determine the amount
of scatter in the G230L
mode (Figure 2a);

• compare the NUV-
MAMA G230L mode
with the CCD G230LB
mode to determine the
amount of scatter in the
G230LB mode and the
relative scatter sensitiv-
ity in the NUV-MAMA
and the CCD (Figure
2b);

• similarly, compare the
NUV-MAMA G230M
mode with the CCD
G230MB mode (Figure
2c);

• finally, compare the lunar
G230LB spectra and
corresponding models.
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Abstract
The Space Telescope Imaging Spectrograph (STIS), installed in February 1997, is currently the only spectrograph
on the Hubble Space Telescope (HST). STIS is designed to fulfill numerous scientific objectives using a cesium
iodide photocathode Multi-anode Micro channel Array (MAMA) for 115 to 170 nm called the FUV-MAMA, a cesium
telluride MAMA for 160 to 310 nm called the NUV-MAMA, and a Scientific Image Technologies CCD for 170 to 1000
nm, each with a format of 1024 x 1024 pixels. Its capabilities include spatially resolved spectroscopy at low to
medium resolution, echelle spectroscopy and solar blind imaging in the ultraviolet, time tagging of photons for high
resolution in the ultraviolet, and direct imaging in the optical.

Data taken with STIS is processed using a program called CALSTIS, which was developed at the Space Telescope
Institute in Baltimore. However, with so many optical modes there are bound to be a few problems that are not
addressed by the CALSTIS calibration. We devote this presentation to the problem of grating scatter in the primary
first order modes.

Light scattered from the grating, entrance apertures, and micro-roughness of the ruled surface causes a diffused
light scatter component in the first order modes. The grating scatter is evident as excess photons that contaminate
about 30 nm of the shortest wavelengths in the spectrum, depending on the mode. Specifically this occurs for data
taken with the G230L (NUV-MAMA) grating that covers 157 to 318 nm, and the G230LB (CCD) grating that covers
168 to 306 nm. The scatter is worse for the CCD mode since the NUV-MAMA is less sensitive to red light. We also
discuss a simple scatter correction for solar system objects and solar analog stars, as well as correction strategies
for general targets, observed with the affected modes.

Scattered Light from a Grating
What is grating scatter?  It is unwanted light scattered from the surface of a grating (as opposed to stray light,
which is unwanted light in the optical system or detector).

What does scattered light from a grating look like?  It looks like a zero-level or background offset in the spec-
trum, it also tends to be greatest (a positive offset) where the lowest count rate exists such as in absorption lines,
near and below cutoff wavelengths for filters or photocathodes, or at valleys in a continuum. The scattered light is
smallest where the count rate increases, such as at bright emission lines or near peaks in a continuum. Grating
scatter may be a significant problem when red stars are observed in the near- or far-UV wavelengths, since, the

scatter is caused by the longer wavelength photons scattering into the short wavelength region.4,5

What causes scattered light?  Scattered light is common for blazed, ruled gratings used with a detector that is
sensitive over wide wavelength ranges. The contributors include grating ruling irregularities (i.e., position and depth
of the grooves), pinholes on the surface of the (original) grating, which may be caused by the grating replication
process, dust on the surface and in the optical system, grating surface scratches, and fringe patterns that are due
to the recording system. The greatest contributor tends to be the grating.

How is scattered light measured?  There are two approaches: (1) at the instrument level (i.e., overall quality of
the optical system) and (2) at the unit level (i.e., optical elements and surfaces in the optical system). Several meth-

ods are available.4 A common method (ignoring auxiliary optics) is to use the grating as a dispersing element in a
sensitive monochromator over a narrow bandpass, using a He-Ne laser as the light source. The light incident on
the grating is recorded by a detector centered at the desired focal distance. The grating is rotated or the detector is
swung in an arc. The scattered light quantity is the relative ratio of the measurement to the image peak intensity as

a function of the rotational angle of the grating, which is expressed in units of ∆λ (i.e., Log intensity versus ∆λ).4,6

How is scattered light removed?
• Pre-launch: use high quality optical elements with clean surfaces; insert a second grating in the spectrometer to

disperse the unwanted light from the first grating, however, scatter over a small bandpass may remain.
• Post-launch: helps to use a narrow bandpass filter (i.e., light that does not reach the optical system will not con-

tribute to scatter), however, that may mean reduced transmission; subtract the scattered light, such as by defin-

ing a mean value that is subtracted from the measured background7; corrections are well documented for

echelles (inter-order scatter)8,9; model the scattered light to remove it from the data10.

Data
The observations for the G2 V star P330E1 or GSC 2581-2323 are part of the HST proposal 7723 (PI: Harry Fergu-

son), used to study the grating scatter in the STIS instruments. The observations of the Moon2 are from the HST
proposal 7717 (PI: John Caldwell), used to determine weak absorption gases in the gas giants and their satellites.
The primary goal is to obtain a better solar analog. The MAMAs were not used for any lunar observations for health
and safety reasons (i.e., bright object protection).

a. For P330E there are 3 sub-exposures for each CCD mode and 2 sub-exposures for each MAMA mode. For the Moon there is 1 exposure for o4ym03jgq and 2 sub-exposures for o4ym03010.

The STIS gratings were tested at the Diffraction Grating Evaluation Facility (DGEF), which typically runs at Class

10,000 clean room standards, and the pre-launch data show that the optical quality was close to that anticipated.3

Therefore, we expect that scattered light in observations may be predicted and measured with reasonable accu-
racy.

Data Calibration: The data in Table 1 was calibrated using CALSTIS, which is available from the STIS package in
IRAF/STSDAS. The calibration steps included bias and dark subtraction, flat field correction, cosmic ray rejection
for the P330E CCD data, and spectral extraction. We omitted sky background correction since it is negligible in the
near- and far-UV. For the P330E MAMA observations each sub-exposure was analyzed individually, thus, the expo-
sure time used is 1200 sec. for the G140L and G230M modes, 1046 and 1000 sec. for the G230L mode.

Table 1:  Observations used to test for and analyze grating scatter in the STIS 1st order modes.

Target
Observation
Rootname

Grating Aperture
Minimum

Wavelength
(nm)

Maximum
Wavelength

(nm)
Detector

Plate Scale
(arcsec/pixel)

Total
Exposure

Time (sec)a

P330E o47z01020 G230LB 52x2 168.0 306.0 CCD (gain=1) 0.05 990

P330E o47z01030 G230MB 52x2 289.8 305.4 CCD (gain=1) 0.05 1077

P330E o47z01040 G230L 52x2 156.8 318.4 NUV-MAMA 0.0122 2046

P330E o47z01050 G230M 52x2 293.2 302.2 NUV-MAMA 0.0145 2400

P330E o47z01060 G140L 52x2 115.0 173.0 FUV-MAMA 0.0122 2400

Moon o4ym03010 G230LB 52x0.1 166.4 306.6 CCD (gain=1) 0.05 720

Moon o4ym03jgq G230LB 52x0.1 166.4 306.6 CCD (gain=4) 0.05 60

Correction for Point Source
Figure 3:
The blue points  are the cali-
brated (uncorrected) spec-
trum for G230LB, the green
points  are the scatter cor-
rected spectrum for G230LB,
and the red points  are the
scatter corrected spectrum of
G230L. The observations did
not have enough signal-to-
noise to determine a very
accurate correction level. The
best estimate for the light
scatter component in the
P330E observations using
G230L is about 0.002 counts

sec-1, and using G230LB it is

about 0.01 counts sec-1,
which were found by trial and
error.

Correction for Solar System Object
Figure 4:
The Moon is ideal to look for
grating scattered light in the
near- and far-UV since it is very
bright. The red line  in the top
and bottom plot shows the cali-
brated (uncorrected) spectrum
of the Moon, the green line  is
the scatter corrected spec-
trum, and the black line  is a
model of the lunar spectrum,
using the G230LB mode for
720 seconds. The best esti-
mate of the scattered light com-
ponent, for the G230LB, 720
seconds data, is ~40.5 counts

sec-1, and for the 60 second

data it is ~10 count sec-1. The
scatter corrected spectra were
also compared with the
G230MB data to check the off-
set level.

Introductory Information Analysis and Results Light Scatter Correction
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Scattered Light Correction
A pleasant consequence of choosing solar analog targets is that you may check your corrected spectrum by com-
paring it to the red end of the spectrum of an overlapping mode, assuming that you planned your observation
wisely.
     A simple grating scatter correction is to subtract a background level that includes the scattered light from the
data and re-calculate the flux:

Fcorr  = Ccorr  / S                     (equation 1)
where Fcorr is the corrected flux and S is the sensitivity function. The grating scatter corrected count rate Ccorr is:

Ccorr  = C - Cscatter  (equation 2)

where C is the count rate in units of counts second-1 pixel-1 and Cscatter is the count rate of the scattered light com-

ponent. The sensitivity function for a point source has units of electrons sec-1 pixel-1 per incident erg cm-2 sec-1

Å-1 for the CCD and electrons are replaced by counts for the MAMA. The sensitivity function for a diffuse source

has units of electrons sec-1 pixel-2 per incident erg cm-2 sec-1 Å-1 arcsec-2 for the CCD and for the MAMAs elec-
trons are replaced by counts. The sensitivity is derived by:

S = C  /  F                              (equation 3)
where F is the incident flux. For a target reflecting solar light or a solar analog the background count rate should be
approximately zero shortward of about 200 nm (after overscan level offset, bias, dark, and flat correction, omitting
sky background correction). The remaining counts are most likely caused by grating scattered photons contaminat-
ing the spectrum, since the sky background shortward in the near-UV for solar analogs is negligible. To determine
Cscatter, extrapolate a horizontal fit at the blue end of the spectrum. This step may require several iterations to get
the best spectrum, since, the shortest wavelength may be over-corrected (i.e., negative flux). The caveat is that you
need fairly bright target to get enough counts to make the correction, which may not be possible, especially with the
MAMA detectors. In this case, you may try to determine the scattered light component by trial and error.

Preliminary Scattered Light Measurements

To estimate the scattered light component for P330E we took the ratio of the slope (counts sec-1 nm-1) by compar-
ing the blue end of the spectrum with the red end of the overlapping L-mode. We also compared the L-modes,
which were used for the lunar data, with models. For the Moon, we took the ratio of the intercept of the slope

(counts sec-1). The G230MB data were not conclusive since we did not have reasonable models.

Table 2: Preliminary scatter light analysis results for G2 V star P330E (V=13.0), using the 52x5 aperture
                and the Moon (V=-12.7) observed with the 52x0.1 aperture.

Grating
Relative Scatter
from Net Flux

Slope Starting
Wavelength (nm)

Slope Ending
Wavelength (nm)

Aperture Detector Notes

G230L 3% 156.8 168.0 52x2 NUV-MAMA Compare with P330E G140L mode.

G230L 0.5% 169.0 173.0 52x2 NUV-MAMA Compare with P330E G140L mode.

G230LB 16% 167.0 205.0 52x2 CCD (gain=1) Compare with P330E G230L mode.

G230LB 85% maximum 168.0 220.0 52x0.1 CCD (gain=1) Compare Moon spectrum with model.

G230LB 87% maximum 168.0 220.0 52x0.1 CCD (gain=4) Compare Moon spectrum with model.

Conclusions
For P330E:
• about 4 nm of the shortest wavelengths in the G140L mode data are affected by grating scatter, most likely from

the geocoronal Lyman alpha emission, however, the data is not very reliable since it is underexposed;
• it does not appear that the gratings G230MB and G230M suffer from scattered light (Figure 2c), however, this is

not conclusive since we did not have a sufficient model for comparison;
• about 3% of light is scattered from the G230L grating, contaminating ~20 nm of the shortest wavelengths;
•  about 16% of light is scattered from the G230LB grating, contaminating ~30 nm of the shortest wavelengths;
• the G230LB mode spectrum is contaminated by 5 times more scattered light than G230L mode spectrum.
• Bright objects, such as the Moon, are more easily corrected for the grating scattered light than point sources.

Future Work: Model the scatter for the STIS first order modes for different spectral types and determine a general
correction for a variety of spectral types. Also, determine better estimate of scatter at the spatial position of the
spectrum and offset from the spectrum.
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Is light scattered from the 1st order mode gratings?
The solar analog targets, P330E and the Moon, are appropriate for the study of scattered light because (1) they
may be compared to a solar spectrum or G2 V model, (2) like the Sun they have a flat continuum, with negligible
count rates shortward of about 200 nm, which has two implications: (i) the scatter is usually greatest (a positive

value) where the lowest count rate exists4; (ii) in the case of P330E, the correct sky background levels of the
affected modes or wavelength regions may be set using the sky background level of the unaffected, overlapping
modes (e.g., use the long wavelengths of the G140L mode to set the background for the G230L mode).

Figure 1:
The solar spectrum11 is compared
with the calibrated spectra of
P330E and the Moon, listed in
Table 1. All the spectra were
binned and scaled to approxi-
mately overlap for this figure. The
black line  is the solar spectrum,
which decreases toward shorter
wavelengths on the log scale; the
blue line  is the star P330E taken
with the CCD and the G230LB
grating, which is noisier than the
MAMA G230L grating; the red line
is also the star P330E taken with
the NUV-MAMA and the G230L
grating; the green line  is the lunar
spectrum taken with the CCD and
the G230LB grating. The visual
magnitude for the star P330E is
V=13.0 and for the Moon V=-12.7.
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