A Stupy oF THE Repuction ofF Noise IN JUE SeecTrA OBRTAINED

BY ADDING EXTRACTED SPECTRA

1. INTRODUCTION

The analysis of IUE gpectra is ultimately limited by
the inherent solution and r e of each um. The
regolution is a fixed parameter of the instrument but the
noise can be affected by the operation of the system.

~

For this satellite it is not possible to reduce the
noise simply by increasing the exposure times because the
camera target becomes saturated., However, it is possible
to trail a star across the large aperture thus increasing
the effective target area and hence the effective exposure
time. This technique is used for low resolution spectra
1981) but cannot be used for high resolution spectra.

Another option is to add spectra taken at different

This can be used for low and high resolution spectra
. the subject of this paper. The results indicate the
value of adding spectra currently available (e.g. in the
World Data Centre) and also g ride a basis for deciding
whether further observations of a target would be of use.

Certain objects have already been extensively observed
with IUE. The two such objec that were used here were
HDL20315 (Eta Uma) for which we had 16 LWR and 9 SWP spectra
and HD219188 for which we had 8 SWP spectra. The spectra
used we all high resolution, observed in either the small
or large aperture (mostly small): Of the 33 spectra used in
this study half were observed in the high radiation
The observations of Eta Uma we too short to be seri
affected, but one observation of HD 219188 was noticeably
noisier because of

2. METHOD

2.1 Adding the spectra

few of the stronger interstellar lines
were located on each image and were used to determine a
velolcty shift with respect to a baseline image. The velocity
shifts were then used to correct all the spectra in each group
to the baseline image. This process of alignment was necessary
to prevent degradation of the line profiles. For Eta Uma, t
situes cult because the interstellar lines were
and the quality of the alignment was uncertain. Thus

The position of &

tion proved difEfi
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HD 219188, which has some strong inters
used to illustrate the ret
enha

tellar lines, was also
tion of good resolution and the
inced detection of weak features

After they had been aligned, the spectra were rebinned to

a common wa' ng linear interpolation and a
sampling ra least as great as that used in the
j al ral orders of in st were then
using :ors which were proportional to the
Elux he order Features such as reseaux and
charged particle spikes were removed prior to the summation.

te which was

2.2 Measurement: of noise in the spectrum
Six porti X
selected
tar

ures of

s of each of the LWR and SWP spectra were
1dy. These were widely distributed over the
region and included regions about interstellar

; An interactive program was used to
€ &l ] ) » regions using Chebyshev polynomials
4 or less. The percentage RMS deviations plotted in
2, 3, and 4 were then calculated using the equation:
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& FNi = fitted flux at point i
FIT1 = fitted flux at point i

N = number of points

‘or the ratio of
100 by the pex

An empirical wvalue slignal to nolse may be

entage RMS Deviation.
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This program was applied to single spectra and then to
summed spectra. Where possible the summed spectra included
different samples of the single spectra to indicate the spread
of values.

3. RESULTS

Figure 1 shows the polynomial ed to continuuam
about the Mg II A2802 A interstellar line, . Fits were well

ved for all of the measurements, requiring 2nd order poly-
nomials for continuum yions and 3rd or 4th order polynomials

for regions where the interstellar line was embedded in a
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stellar profile (e.g., Zn)lI and MgY in Pigure 5). PFigures
1 and 5 also show the significant reduction in the noise
levels which result from adding 5 or more spectra.

Figures 2 and 3
th incr
batween the curves are
behaviour is independent of the po

¥ ' the exampl the
RMS deviation approa
to an empirical signal to no ratio of 33. The greater part
of the improvement, for the nages, has been attained after
summing five spectra, This is illustrated in Figures 2e and f
where the summing of up to sixteen spectra caused no further
improvement,

show the reduction in percentage RMS
gasing numbers of summed spectra. The
striking, showing that
ition on the
rcentage

However, two exceptions (Figures 2a and 3f), which
correspond to the Q 18 to the regions having the lowest mean
flux levels, show poorer aviour. The percentage RMS
deviations are 5 and 8§ res tively after summing eight spectra
Figure 4 illustrates the Yol ce on the mean flux level in
the extracted spectrum. The spec
using the STAK and TRAK procedure developed in the UK (Gidd
and Settle 1980), this has similar resolution but a higher
sampling rate than the old IUESIPS. However for this figure
the extracted FN's have been scaled to be the same as those
for the old T Since the behaviour of the SWP and LWR
camera is so0 in this study, the two sets of data were
plotted together and follow the same curve within the uncer-
tainties of the measurements. Clearly, for extrac fluxes
above 10000 ¥N (LWR) and 6000 FN (SWP), one generally needs
only to sum about five spectra after which noi in the
spectrum is dominated by the noise in the extr :
Below this level more spectra are required, as is i1llu
both the poorer percentage RMS devi n and the o
di rence between the values obtained for the sum of five
spectra and the sum of eight spectra. The general levels of
noise for single spectra are also shown.

fo N

gs

Figure 5 illustrates further advantages of adding spectras
the interstellar lines of MgII (AX1239, 1240 A), which are
lost in the noise of any single spectrum of HD219188, stand

-

out clearly in the sum of eight spectra; the ZnIl A2026.2 X
Mgl A2026.5 A blend is not degraded by the addition of eight
spectra, whereas the continuum has, as in many other i
becone more clearly defined, Images taken in the la
small apertures have their reseaux in different plac
do also some images taken at well separated time interval
or in different parts of the large aperture. On adding the
spectra it is possible to have sufficient overlap for the
reseaux to be absent in the summed spectrum.

3

nt value, about 3, corresponding

tra in this study were extracted

60




4. CONCLUSIONS
For spectra where the reglons of interest have extracted
fluxes of more than 10000 ¥N (LWR) oxr 6000 FN (SWP), the
inmm1nq of more than five spectra is probably unwarranted.
1ding spectra in the manner described in Section causas
jradation of the line pruillv provided the wvelocity
rtion is applied l before ad l|.] 1 ng. The shape of stellar
I'e ,Wh, .. e 1&-.‘ e " P =y o S

) s
" F 1 =g~ L D= A

can be more clearly : ‘ ‘led. For this work the spectra
W welg with Lhm mﬁ_‘ net flux before adding; a
ol ibhle im ovement would be to weight the spectra using the

deviation.
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FHG“RE ] - it to the continuum about the MgIl
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NET FLUX FOR SWP CAMERA (FN)
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NET FLUX FOR LWR CAMERA (FN)

EJ{HMEmﬂ;” The % RMS deviation for single and summed spectra
plotted against the mean FN of each of the apectr
regions used in Figures 2 and 3. The SWp mnhshmu
been rescaled to allow for the differing maximum
PN values used in the photometric correction. The
offset zero results from the omission of the back-
ground in the rescaling, although the 2000 FN
correction was included.
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FI1GURE Sample portions of the spectrum of HD 219188 from

single spectra (top two rows) and from the sum of

8 spectra. The reduction in noise is evident asg

is the detection of MgIIl in the summed spectrum.

The removal of a reseaw and the clarification of

the stellar profile in the summed spectrum are

also shown. = 66




