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SUMMARY

The new software package for extraction
Dmm.NmMmmejbmpmﬂmﬁhwx%ﬂarwmw"
The photometric correction of i 4 sion is now done with
the same technique used in the new low-dispersion software, which oecame

th rational on November 3, 1980 at NASA and on March 10, 1981 at VILSPA. As
is the case in low dispersion, the single most important improvement in nigh
d1¢perslmn is an increase in apparent resolution, achieved by doubling the
number of points at which a ﬁpﬁrrlum is sampled. Numerous other benefits are
found in the new software, which improve the quality of the extracted data and
make its interpretation more ightforward. For example, a variable slit
height 1s used for the data extraction to optimize the photometry and
signal-to-noise at each order, wavelengths are corrected for the motion of the
hoand the IUE satellite 1u a heliocentric reference frame with air
wavelengths used sistently longward of 2000A, the essential documentation
in the headers is expanded, and the flagging of amomalous data points is
upgraded.,

;n@utra has
10, 1981.
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T. INTRODUCTION

The new software in low dispersion is described by Bohlin, Lindler, and
Turnrose (1981) and Turnrose, Bohlin, and Lindler (1981). The photometric
correction in high dispersion is now done using an implicit geometric

correction rather than the explicit technigues of the old software, ju”t as is
the case for low dispersion. HH’|HWUthW|]l(‘H])/(ALLDH ted image is in the
Cﬂjﬂ¥HVil<ﬂi$t0ItE£If['mm'tlf the raw image. The full resolution is still

(o

preserved and the noise can be treated uniformly rather than being suppressed
non-uniformly by the old binlinf T erpolation uﬁvd to resample the data
onto the square grid of 13 x 13 reseaux. In order to extract the spectral
information, the dispersion IOH‘EdWl% for the qnum91r11dlly correct space are
Hmlll(lt]y ad|u%15d ful 1hn kﬂuwn dlaturtlmm 1n tha “lb cameras in order to
orted frame of
for every diagonal
ular to the

mﬁmmmm» Anmcmmmwm.m’w“
row of pixels, which are all wi
dispersion direction. The old software sampled only as often with an
effective slit width double the 0.7 pixel (1 pixel = >/Jum) spacing of the new
software. The old extraction had a non- un]lmlm spacing, where about every
fifth point was spaced only by one-half the normal amount and also resampled
part of the same data represented in the previous point.

4nwﬂl l] Flux is @mmmﬁmﬂxﬂj
in 109 of the per

During the course of this revision ) production software, it has been
possible to incorporate several improvements into the old high dispersion
extractions. Only the difference between the old software, as it now stands,
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and the new software will be discussed here. In order to make the old versus
ons, the old data has been reprocessed with all the lMWWWNMWWWH

new compa
in that system, so that the reader should exe
data on the basis of the guality of reproces:

=
—

rcise caution in interpreting old
d spectra. %M(k’hlllsd history

of past changes to IUE production software is in Turn and Harvel (1982)
and Turnrose, Harvel, and Mallama (1982). For some details of the new
software not covered here see Lindler and Bohlin (1980). Section II contains
the documentation of the improvements in apparent resolution; and Section III

details the optimization of the new slit hmimhfﬁ, which vary with order
numober. Section IV quantifies the increase in noise that has accompanied the
removal of the artificial smc s of the old extractions and explains the
effects of two recommended filters. The verification of the photometric
properties of new spectra relative to old spectra is in Section v. Finally,
Section VI summarizes the other improvements realized with the new system.

IT.  IMPROVEMENTS IN VISIBILITY OF NARROW FEATURES

A major advantage of the new software is an increased visibility of narrow
'ewtuuwun achleved by avoiding the geometric resampling, |n/mv,|m;<a narrower
idth, and by more freauently sampling the spectral image. Figure 1
illustrates the improvement seen in the case of closely spaced line pairs from
a Ptmmmetqnwﬂluun|m1 the IUE wavelength calibration lamp. Two emission lines
are shown in each of thre arate spectra for both cameras in order to
demonstrate the basic consistency of the data. The improvement in
resolvability is more marked in LWR; but in all cs s, the peaks are higher

and the valleys between the emission lines are lower in the rew extractions.

A.  Special Warning on Correlated Camera Noise

The point-to-point noise is increased somewhat by the new software as expected
recause of the omission of the filters applied in the old software (see
ction IV). However, another problem ar 5 occasionally that was

ectively masked by the old reduction but can be seen cles u1 the SWP
10253 spectrum in the 14938 region as a tremendous o 1 the signal
by about 100 percent. The original data image suggests the DIPHPWLP of an

electronic instability, because a number of pixels along one diagonal are all
heavily exposed (black). Along the adjacent diagomal lie lightly exposed
|fxﬁhh and this pattern of light mulhhuk«hﬂ@wuﬂ< repeats. One can
imagine the following explanation for this unfortunate situation, where the
readout beam of the SEC vidicon has ﬂﬂlﬁﬂu(i«l|MertHFU@NL(H1|MMMNHH1NWU[dF to
the scan path. The readout will be light on an upward swing and black on the
downward. On the nex ;cnm linﬁ down in the readout, there will be excess
charge where the previous scan oscillated up and a dnilrtvnvy where the
downward motion of the pultutha n encroached on the normally undisturbed
charge of the next line. Hence, the obser te > s created
and is most evident in the adjacent diagonals of an extracted spectrum.

7

An astronomer will often be able to recognize the camera noise as a checker-
board pattern on the photowrite image with a different spatial extent than the
spectrum of the target object. Vvarious filters can be used to improve the
;mmmmﬂ‘wm@amwmecﬁ‘wwzcummdammlQNMLdrmuﬁaat'HWrmmmm%aof:mmm
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ylving power in unaffected regions of the spectrum. Figure 2 shows the
'5ct 01 two different filters on the correlated noise of SWP 10253 and the

y tesolved line in LWR 8918. One filter is a two point average of
uvery pu,: of points plotted at the average wavelength. This is eguivalent to
extracting the data with an artificial slit of twice the width and is similar
to the old software, but with less smoothing and a higher sampling freauency.

The other smoothing shown in Figure 2 is for the narrower "optimal"™ filter of

Section IV. The optimal filter does not appreciably degrade the resolvability
from that of Figure 1, but a filter as wide as two points is needed to

significantly suppress the correlated camera noise.

III. OPTIMAL SLIT HEIGHTS

The nld software extracts spectra from the IUE image with a fixed artificial
slit of effective height of about 6.4 pixels for point sources and 9.2 pixels
es, while the new slit heights are allowed to vary with
order number ount for changes in the width, separation, and residual
geometric distortion ("wiggles") of each order. For point sources, the slit
height should never exceed the order separation, which reaches a minimum of
5.25 pixels in SWPE (Turnrose and Bohlin 1979). Where the orders are well
separmfpd, ihv optimal slit beight is determined by the trade-off between
excessive noi and photometric precision. The considerations in determining
1HMﬂ<mp1lmd1 slit heights for the new software are outlined below for the
separate cases of point and extended sources.

A.  Point Sources

The underlying principle guiding the determination of the slit that
the shortest .11t|rnmpat1tls>vnt Va nable photometric st Jmmﬂxthﬁ
used., The use of short slits minimizes the contamination of the qrgss
spectrum by background noise, a fact which is particularly significant for
long exposures and weak Jlgnal levels, where the effect of bright spots
falling within the extraction slit the worst. On the other hand, the use
of slits which are too short exac ites the sensitivity to irregularities ]
IUE imaqns,aunlinmmtmun1ﬂ9< the photometric stability. Such irregularities
include the variation in the width of irn-luuym dispersion orders. Schiffer
(1980) shows the full width at half maximum (FwHM) of the echelle orders in
SWP point source spectra to differ by at least a factor of 1.5, where the long
wavelength (low) orders are the widest. A @@wmnd irregularity is that the
orde € ' "': buf POsSsess es" even after the geome >
correct: uTe ts removed < fmmu"wm, Turnrose, dmﬂlfkﬂﬂ](ﬂ
1982). Whv th]lU Lr nqularlty 1‘ residual differential registration
perpendicular to the disp tion; i.e. if the orders at one part of

P !
the tube MN'WH1Mt]yJmﬂ.gilmlW]Wﬂ1N’dlﬂu¢%hmiﬂqdlMHh,th@(HﬂPWmﬂt

distant parts of the tube may be misregistered by amounts as large as ~0.5
pixel in & way which is systematic with n:dul number but variable in sign and
amplitude from image to image.

The approach taken in the new %nfTwar@ is to register the images accurately in
the short wavelength regions of the higher, more closely spaced orders, where

slit heights are limited by the order separation and where the level of the




extracted background signal is critically dependent on the registration. To
compensate for the UrnMD limiting factors (order width, wiggle and
differential shifts) at the lower orders, the slit heights are increased.

To determine the proper slit heights, a series of tests was conducted on the
image SWP 10306, a 6 second exposure through the large aperture of the star
eta WMa. Extractions were made with a number of slit heights ranging between
5 and 8 pixels and with registered and misregistered (¢ 0.4 px) extractions to
simulate the effects of wvari differential 1uq1n1r|tlmn. In analyzing the
data, net spectra were binned into contiguous segments, typically 9 such bins
per order. The short 5 identified consistent with the constraint
uf‘1mﬁmmmmmehmwfr:. 3 percent in any single bin between
r@015l@190 and misregister ons. Figure 3 illustrates the observed
behavior of the 8 bins used for order 68 in SWP 10305. As can be seen, the
effects of signal loss due to misregistration Increase with dec ing slit
height. At the high orders (~100 and higher) the behavior (not trate
is different, with little change with slit height but drastic rhanqwq with
str ﬂtHHW\HUP entirely to changes in the derived background level.

"vntlum was paid to those low orders known to exhibit substantial
] ‘ ‘inal slit heights chosen increase linearly from a value of 5
pixels at or nvx l’h to 7 pixels at order 68, and then linearly to a value of
10 pixels at order 66. These heights are JufFiciently liberal to allow for
the behavior of those orders not explicitly amalyzed and to allow for
unexpectedly severe differential registrations. Therefore, the photometric
precision of extracted spectra should rmot be compromised by more than 3
percent Uy our choice of slit heights. These slit heights have been adopted
for use in both the SWP or LWR cameras, point-source reduction mode, and
Emmmmmumhg the unnecessarily long Slits;cnﬂ@ﬂmwnth,|11annvd for the new software
(Turnrose and Bohlin 1979). Note that for orders 86 to 125, the new slit
height is le than that (6.4 unx.la) used by the old software, and for orders
66 to 85, the new slit height is greater than the old.

{

B. Extended Sources

In the case of extended sources, similar considerations apply, although the

width of the large aperture perpendicular to the dispersion (-7 pixels)

nece J.dh“,d{hfhnwn1«mmmwwhlr|Uu=w{wumnud(lmwmum HW*3H1|WHUHN
at the closely spaced orders. The need to i § et than
the order aration is outweighed by the npvd tw mv SL lbﬁLdﬁt ally all of
the flux, particularly since many extended objects are emis -line soutces

FmrMﬂ@hcmWMwmwnmmmMnMimmﬁmma@mmwnIMWW%l.tmmwmmmwﬁ

ilar to those described in section III A were performed for a

5 slit heights ranging from 6 to 11 pixels. The primary data were
obtained from 100-minute exposures of the Orion Nebula, SWP 10744 and LWR
9427, for which nebular continuum is present. From these data, a constant

slit height of 10 pixels for all orders was chosen. This
larger than the 9.:
11 pixels increa
check, the net emiss

value is slightly
2-pixel slit used in the old software; extending the slit to
the measured net signal by less than 1 percent. As a

ion line fluxes from the Letsky background and the lines
of the planetary nebula NGC7662 were analyzed on SWP 6468 and LWR 5546 to
corroborate the choice of a 10-pixel slit height. Note that this choice of a
constant 10-pixel slit height for extended sources differs from the slit
originally proposed in Turnrose and Bohlin (1979).

<5
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Iv. NOISE CHARACTERISTICS

A. Comparison of New Software with Old Software
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e compared to the old, with a
or of 1.6 as est! 2 by Set
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both effects leads to a total expected reduction in apparent signal-to-noise
ofme2. 4 with the new software. Al ( g increase 1 3] muwm.xmm
like a high price to pay for the increase in apparent resolution, the old

mfwmwv.nlthtLaHv inflated the apparent signal-to-noise ratio of the data
in an obscure manner. Now, a spectrum can be smoothed straightforwardly by
the use of a filter appropriate for any particular problem..

Actual numerical comparisons of the apparent signal-to-noise ratios obtained
with the old and new software have been made by examination of the central

portions of net ripple-corrected spectra of eta UMa. MNoise-to-signal ratios
(NSR), defined to be the percent scatter of the individual net ripple
corrected flux points within a bin several angstroms wide, were calculated for
representative orders between 83 and 118 with both the old and new software.

fluxes were used to avoid increasing the scatter due to a
wum, although the bins selected are very near the 2
Bins affv(twd by reseau marks or absorption lines are not consi
d”'t+wwr\mmrhﬂ tend to bave an unusually large scatter in the fluxes. IHIIP 1
summarizes the results for images SWP 10306 and LWR 3767. As expected, the
signal-to-noise ratios typical of the rnew software are less than those of the
old software by about a factor of 2.

7/

thﬁlWW‘JﬂbMﬁP leads tu.ﬂfurUmm.umumww wn1Mlunmﬂ Lo~-point
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Table 1

Comparison of Noise-to-Signal Ratios Obtained with New and 0ld Software

Image Expos
(s

Time Aperture

SWP 10306 & large 1.83

LWR 3767 9 small Z2.04
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Another approach is to treat the extracted data points with an "optimal"
filter, constructed so as to flatten the power spectrum beyond the point at

.ch the observed power spectrum reaches a minimum, i.e. fnr spatiz
frequencies greater than the maximum which is th"?;tﬁr stic of the
spectral data, about 0.25 cycles per pixel. Schiffer
such a filter from composite power spec .
camera separately. The optimal filters
convolution with the extracted flux points. : ‘ 3y
from which it is seen that the fi: $ are Narrc thh Lwo- mulnt hlnrlnq
filter discussed above. In practice, the effect of he 7mp@1nt filters
differs little from that of the renormalized central three points alon@,
because the four points in the wings have a weight well below that of the
photometric precision. Presently, the optimal filter for the LWP camera has
not been determined, so that data is unfiltered.
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Table 2

Optimal Filter weights

£lement Value
€lement No, LWR SWP LWP

1 0.0016 -(0.0021 0
2 0.0018 -{].0060 0
3 0.06802 0.1017 9]
4 0.8728 0.8128 1
5 0.0602 0.1017 0
6 (0.0018 -0, 0060 0
7 0.0016 ~(,0021. Q

Table 3 summarizes the guantitative noise characteristics of spectra filtered
with the optimal filters of Table 2, compared again to the results of the old
software aw in Table 1, but with two additional eta UMa exposures. These data
indicate that the optimal filtering reduces the high frequency noise in
extracted net ripple corrected spectra by approximately a factor of 1.2,
resulting in a noise-~to-signal ratio near what would be expected by just
reducing the old slit width by a factor of 2. Therefore, the ﬂv1 ripple
corrected spectrum on magnetic tape and on Calcomp p]m' is filtered with the
optimal filter. The qxnu, and net spectra are left d, so that the
astronomer can choose the best filter for any :Mitlf.w _.ud“atimmo

Table 3

Comparison of Noise-to-Signal Ratios Obtained with New Software
(Optimally Filtered) and 0ld Software

Image Exposure Time Aperture

(New)
(sec)

3az: == pzaeigacy ==

(0ld)

SwP 10306 6 large 1.48
SWP 10522 6 large 1.38
LWR 3767 9 small 1.7%

LWR 9210 6 large 1.50

*g in Table 1

V. PHOTOMETRY

Figure 4 compares the total net flux in ]
software to that extracted by the old system. The comparison spectra are
processed with the same dispersion constants in both reductions. The mean
flux in the same wavelength intervals is computed for every fifth order of the

- FN units as extracted by the new




echelle spectrogram avoiding both edges of the cameras by about 10 percent of

the free spectral range. The ratios of NEW/OLD net flux in Figure 4 show a
scatter of up to 4 percent about unity for the long wavelength (low) orders.
The new fluxes are systematically greater by ~l0 percent in the high orders,
due to the lower background found between the close orders when the explicit
geometric correction is omitted.

-t

Whnile Figure 4 the

shows the mean changes with order, Figure 5 addre
question of changes within a given order. The observed free sp 'rl range
for the orders 108 and 88 is divided ]ﬂﬂ{l"QHNVn,<HMﬂ the ldeJ)| Fextracted
1lu is mlntt@m against the wavelength of each pbin. Again the lower order (m
: 88) shows a small scatter about unity for both C&M@LK with no significant
tematic trends. 2 ratios for the higher order (m = 108) are all greater
chan unity because of the lower backgrounds found by the new software. The
¢mall systematic slope to the flux ratios within m = 108 an again due to a
systematically lower extracted UdcquJund as a fraction of the net with the

new software at the shorter wavelengths (upper left region uf SWP). This
effect could be caused by an intr nr,h"wtrnut=rﬁrw;rn’11u“|Wﬂﬁbrs near the tube
edge, tMUSlHNMHmLWQ1Jm!dﬂdlthmlﬂ.d@g]mhﬂlﬁﬁ'JHTFIN1Jml the geometric

correction of the old software.

In summary, the only >1qmnflt.wm (Inanp in the photometry of the new high
dispersion software is an increase in extracted flux for the closer orders.
This increase has reduced the amount of order overlap caused by excessively
high backgrounds in the old software and should result in a ripple correction
that is closer to theoretical expectations.

VI. ADDITIONAL BENEFITS

In addition to the above improvements in apparent resolution, noise

characteristics, and photometry, other advantages of the new software are

itemized below.

1. All saturated pixels (DN = 255) are now flagged in the same way as in the
new low dispersion software.

Z. Reseau marks are narrower because there is no geometric correction to
broaden them and because they do not grow in the process of subtracting
the background, as was the case for the old processing.

3. All of the spectral data are sampled exactly once where each extracted

data point is derived from independent pixels in the raw image.

4. The dynamic range of extrapolation in the ITF is expanded and this
extrapolation is flagged in analogy with low dispersion.

5. Reseaux, microphonics noise in LWR, and saturated pixels are not used in
the background computation and are, therefore, not flagged in the
background.

6. The wavelengths are cor
converted to air waveld
20008,

cted to a heliocentric coordinate system and are
engths consistently for both cameras longward of

7. More information such as the ODSMLvlnq date, target coordinates, and
dispersion constants are included in the Udtd header (record zero), as is
now the case in low dispersion.
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Fig., 1 -

N

Fig. @

Fige 3 =

Fig. 4 -

. A compartison of a two point filt

- Ratios

FIGURE CAPTIONS

Close pairs of emission lines from the IUE Pt-Ne lamp for (a) the SWP
camera and (b) the LWR camera. The filled circles are extracted by
the new software, while the open circles are from the old software.
The few triangles are cases of extrapolation in the ITF that are now
flagged by the new software.

er (open circles) and an optimum
noise reduction filter (filled circles) for two of the line pairs of
Fig. 1. Note that the two point filter effectively eliminates the
camera noise in the SWP data but does cause significant blending of
the LWR line pair.

Fercentage changes in net signal as measured in 8 contiguous 2R bins
in order 68, SWP 10306, as functions of both slit height and
registration accuracy. The percent deviation is r&lat1v® to a zero
level for the net flux as measured with a center
slit. The slit height in pixels is noted near t 'S
nmmwm,meetMaMWHMWMSlMWSGWMﬁﬂWHw11UwJ4M1hmmWTvmj
for a centered extraction and broken lines connect the open circles
derived from an extraction 1ntvwl1mnally mlnruql.ivrﬂd by 0.4 pixel.
Mote the color changes and | .E :

misregistration of 0.4 pixels

net
Ratios of totalaflux extracted by the new to that of the old software
as a function of echelle order number. Ratios for two spectra from

each camera are shown.

; of new to old flux within echelle orders 108 and 88 for both
cam 5. The hdmdp.‘_ for each data point is 1.78R in 108 and 2,678
in 88 for SWP and 3.26 and h“nﬂﬂ respectively, for LWR.
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