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Preface

In 1984, an ambitious program involving scientists from the High Altitude Observa-
tory, at NCAR, Pennsylvania State University, Lowell Observatory, and Sacramento Peak
Observatory, was initiated for the purpose of monitoring solar-like activity in a large num-
ber of stars. A fiber-optic fed echelle spectrograph, designed at Pennsylvania State and
constructed at HAO, provides 20 spectral orders sampled from the spectral range of ap-
proximately 9200-5000 angstroms. Among the strong spectral lines included in the spectral
samples are the Ca II IR triplet, Ha, Na D, and Mg b. A separate Littrow spectrograph
was designed to monitor the H and K lines of Ca II.

Trial observing programs were conducted at Lowell Observatory using the 1 m tele-
scope during the fall months of 1988 and 1989. It was apparent from the 1988 data that the
Focal Plane Assembly was too inefficient, and a new Focal Plane Assembly was installed
near the beginning of the 1989 observing season. The new assembly markedly increased
the signal-to-noise ratio in the 1989 data.

Initial attempts at reducing the spectral data to obtain useful measures of stellar
activity were discouraging. Individual spectra often looked abnormal and were inconsistent
from day to day. Additionally, stringent budget conditions at each of the institutions
involved forced a temporary discontinuance of the observing program.

Beginning in 1991, Lowell Observatory successfully sought and obtained funding from
the National Science Foundation to restart the observing program. In the spring of 1991,
HAO initiated a sustained effort to pursue the reduction of the 1988 and 1989 data in
order to determine how well the observing system was working and to identify and correct
sources of error in the data. By this time, the scientists at HAO, Pennsylvania State,
and Sacramento Peak Observatory who conceived and were responsible for-the stellar
monitoring program had either moved to other institutions or developed new interests and
responsibilities. Fortunately, the technical staff who constructed the instrument was still
intact and available to help us understand the system design and how the data progressed
from a stellar image to a final spectral line index. Given that the two of us who undertook
the data-reduction reponsibility had no prior experience with either the instrument or the
observing program, the help of the technical staff was of vital importance.



1

I. Introduction

1. Earlier Attempts at Data Reduction

The solar-stellar spectrograph (SSS) built at the High Altitude Observatory was op-
erated initially during the fall seasons of 1988 and 1989 at Lowell Observatory, Flagstaff,
Arizona. Although substantial data were obtained during these periods a full-scale effort
to reduce the data to useful form was not initiated until the spring of 1991. Initial efforts
at data reduction suggested that a number of problems were present: the specta often
showed unexplained shapes for the short bands of continuum within given spectral orders,
and stellar spectral line depths showed unreasonably large day-to-day variations. Specula-
tions on the source of these difficulties included malfunctioning in the computer software,
in the electronic read-out of the CCD, and in the stability of the CCD itself.

Prospects for restarting SSS observations in 1992 prompted a renewed effort at HAO,
beginning in 1991, to track down the sources of difficulty in the data. Perhaps to an
advantage, those of us who volunteered for this task were largely unfamiliar with the
instrument, as well as with either the observations themselves or with the data-reduction
software. The naivete with which we approached the problem undoubtedly gave rise to
some false starts and in some repetition of past mistakes. On the other hand, we were free
of biases and prejudices concerning the sources of the problems, and thus felt obliged to
consider a broad-based approach to the problem.

As a matter of strategy, we elected to examine a large set of data rather than con-
centrate on a specific star or spectral region. This proved to be a fruitful approach and
led us down unanticipated paths. Our conclusions are that the chip is stable, at least to
first-order, and the electronic read-out works properly. The software may have contributed
somewhat to the problem, but not in a major way. The real culprits are severalfold: most
importantly, an unexplained background signal on the chip not recognized in earlier data
reduction; secondly, a fringing problem introduced in 1989 when the new Focal Plane As-
sembly was installed; and thirdly, a seasonal wavelength drift caused by lack of temperature
control in the spectrograph room.

Our success in tracking down these problems would not have been possible without
the patience and programmning skills of Vic Tisone. In addition, we have been assisted by
the advice and experience of David Elmore and Dick Fisher at HIAO and Wes Lockwood
at Lowell Observatory.

2. Software

Before attempting the reduction of large quantities of data, it was necessary to make
certain the software was adequate and functioning properly. Fortunately, two software
packages were available: one adapted from the IRAF program at NOAO and one written
at HAO. Comparisons of the data output by the two software packages had led earlier users
of the SSS data to conclude that the two sets of results were in good accord. However,
there was still a concern that neither software package was properly tracking the individual
spectral orders over the full width of the CCD. The orders are curved and the curvature
becomes more severe near the extreme edges of the chip.
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Our examination of data from the two software packages showed that, indeed, the
two data sets were often in good agreement. However, we found also, data sets that
were badly discordant. These included several cases where the HAO software yielded an
upturn in intensities at the long wavelength side of the order, whereas the IRAF software
yielded a sharp downturn. More disturbingly, we found cases where the HAO software
gave Ha profiles for G-type stars that had well-developed wings similar to those observed
in the solar spectrum, whereas the IRAF software gave curious looking profiles devoid of
wings for the exact same data.

Rather than attempt to track down the source of these difficulties, we elected to write
a new software program. The new program, written by Tisone, is independent of the old
HAO program. However, the results agree well with the old HAO program and show the
same discordance with the IRAF package. The new package continued to show the same
curious excursions near the ends of orders and the same unexplained day-to-day variations
in line depths found in the old HAO software. Later evidence showed, however, that these
difficulties were not related to the software.
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II. The Echelle Spectrograph Stellar Spectra

1. The Dumb Star Assumption

Once we had confidence in the data-reduction software, we set out initially to reduce
all of the data in spectral orders 3 and 11 for stars observed on 15 or more nights during
the 1989 season. Order 11 contains the Ha line and order 3 contains two members of the
Ca II IR triplet. We adopted this approach under the hope that if we looked at enough
data we would discover clues that would eventually lead to the sources of difficulty. The
specific data we examined were the residual fluxes, FR = Fo / FC, at line center where
F0 is measured at line center and FC is measured in the continuum outside of the line by a
method to be described later on. Before measuring F0 and Fc, we smoothed the data using
a three-pixel box car method. Experiments with both shorter and longer box cars showed
a high degree of correlation that was invariant to the box car length. In the following
discussion, all fluxes refer to the readout signals from the chip. They are proportional to
the photon fluxes, but they have not been converted to photon flux units.

Our first impression of the collection of data on FR for Ha and A8542 for many stars
was that it was dominated by pure noise. After a long period of frustration, however, we
recognized some non-noiselike characteristics. In a half-dozen bright stars fluctuations in
FR proved to be too well-correlated for random noise. Under the assumption that stars
are dumb and therefore cannot vary synchronously with respect to each other, we now
knew that the data reduction itself was introducing a correlation and must, therefore, be
faulty. With this as a clue, we soon discovered a second remarkable property for these
same half-dozen stars. FR showed a clear tendency to vary in antiphase with FC for each
of the stars. (The reader should note that FC is defined by the flux at the spectrograph
aperture. As such, it varies with seeing, image alignment, and atmospheric transparency.)

Given the two clues that FR is positively correlated for different bright stars and
FR is negatively correlated with FC for a given star, a simple explanation emerges. The
CCD images were being corrected for bias and dark current. Evidently, this correction is
insufficient, which means that an additional background signal, say F*, is present and must
be added to the correction for bias and dark current. Through numerical experimentation,
we determined that the correlations between FR for different stars, as well as between
FR and FC could be significantly reduced simply by picking a constant value for F*.
Further experimentation showed, however, that in reality F* varied with Fc and was
different in different spectral orders. By assuming a form

F = SiFc + ai, (1)

where Si and ai are constants within a given order and FC is summed over all orders, we
were able to remove almost all of the correlation between FR for different stars as well as
between FR and FC for individual stars. In order 11 for example, we found a best value of
Si of apprximately 10-6, and that the terms Si FC and ai are comparable in magnitude.

2. Evaluation of F*

To evaluate the feasibility of using equation (1) to represent Fi*, we selected a few
representatve bright stars and, by trial and error, adjusted Si and ai to minimize the
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standard deviations a (FR ) / FR in the depths of the Ha line using the 1989 time series
for each of the stars. Although we did not pursue this approach to its ultimate success,
we carried it far enough to realize that the minimum values of a(FR)/FR obtained in this
way would not lie much below 0.05 (a(FR) is the standard deviation in FR). This is not
good enough for serious stellar photometry, so we elected to follow an alternative route.

The images of the chip itself when exposed to either the standard lamp or to star light
are rather complex. A black-and-white image of the chip exposed to starlight is shown in
Figure 1. The image shown has been corrected for an average bias and dark current and
the intensity range in the plot has been limited to the range 0 - 50 in order to illustrate
the stray flux F* between the spectral orders. Figure 2 shows a read-out along column 256
running from top to bottom down the center of the chip. In this figure, the separate orders
are represented by the taller spikes. A total of 21 orders are present. Order 1 (longest
wavelength) is at the left and order 21 (H and K lines) isat the right. Order 21, in fact,
is formed by a different spectrograph from the remaining orders and is not an "order" in
the usual sense.

As can be seen from Figures 1 and 2, the background between orders is not at all
uniform. Instead, it tends to parallel both the distribution of the stellar flux and the illu-
mination pattern of the chip. The former is reflected mainly by the progressive wavelength
change from the near IR wavelengths at the top of the chip to the violet wavelengths at
the bottom. The latter is reflected mainly by the variation in signal in the direction par-
allel to the orders. This strongly suggests that a major component of FI arises from light
coming through the optical train, which is consistent with the assumption that it is largely
dispersed starlight.

The background pattern in between adjacent spectral orders appears to mimic some-
what the orders themselves. R. Fisher reports, in fact, that a laser beam passed through
the spectrograph showed a ghost image separated from the primary image by the 3 1/2
orders. This explains the maxima located midway between orders, as well as the tendency
of F* to parallel somewhat the spectral distribution of the stellar flux.

Each of the spectral orders has a full width covering approximately 7 rows of the
chip. At order 3, adjacent orders are separated by 14 rows, and at order 11 they are
separated by 17 rows. The minima shown in Figure 2 at the edges of the orders appear
to be reasonably consistent in location and rather well defined. This does not rule out the
possibility that the interorder signal may extend into the adjacent orders. As a working
hypothesis, however, we assume that the total background within each order is given by
the average of minima on either side of the order. After looking at many such minima, we
elected to choose the pixels in rows Ro - 5 and Ro + 5 to represent the minima, where Ro
is the row nearest the center of the order. We then take the average of the values in these
two rows, Fi min, and set

Fi min =Fd +Fb + F , (2)

where Fd is the dark current correction and Fb is the bias correction. In other words, we
simply correct the new data by Fi min before applying the gain correction and integrating
across the spectral order to obtain the spectral flux.

In practice, equation (2) represents a considerable improvement over equation (1). The
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values of r(FR)/FR drops for a number of 4th and 5th magnitude stars to about 0.02 and
for a zeroth magnitude star (Vega) to about 0.01 as compared to the value 0.05 obtained
from equation (1). Under favorable conditions, one would hope to do better than this.
Some improvement might be realized by using the actual minima in F for determining
Fimin rather than the values of ±5 rows from Ro. Also, it would make some sense to
assume that the background within a spectral order is actually slightly less than Fi min.
In the case shown in Figures 1 and 2, Fi min e 110. The bias and dark current corrections
total x 94 and F* at order 11 is 0 16. In correcting the raw data for Fi* we have greatly
reduced ca(FR/FR), and this suggests that using a fraction of F* might improve the data
even further. We have not investigated either of the above possibilities.

In the long run, the soundest course of action is to determine the origin of F* then take
steps to minimize or eliminate it. It is important to note, however, that the peculiarities
in the original data reduction using only the bias and dark current corrections that led
others to suggest that the CCD was unstable and that charge pileup was occurring near
the edges of the chip all disappeared with the use of F^*min as the background correction.
Except for the fringing in the 1989 data, the reduced spectra look to be normal in shape
and consistent from day to day.

3. Fringing

Modification to the Focal Plane Assembly in September of 1989 designed to increase
the stellar flux at the spectrograph resulted in the addition of two thin glass plates (lantern
slide glass) into the light path. Unfortunately, this produced fringing of rather serious
proportions, particularly in the red orders of the spectrum. The fringing pattern is stable
in wavelength, but its amplitude is somewhat variable. Part of the variability arises because
the standard lamp used to measure the gain does not follow the same path with respect
to the two added glass slides responsible for the fringing. Thus, the gain correction may
compensate for the fringing more effectively at some times than at others.

The fringe amplitude, of course, influences both FC and FO . In order to minimize its
effect on FC , we average FC over one full wavelength in the fringe pattern within each
order (41 pixels in order 3 and 30 pixels in order 11). We have not attempted to remove
the effects of variable fringe amplitude on F0 even though it very likely contributes to the
amplitude of c(FR)/FR in 1989. An example of the fringe pattern in order 3 is shown in
Figure 3.

To illustrate the possible role of the fringing in a(FR)/FR in 1989, we compare the
values obtained in 1989 to those obtained in 1988 for two stars, Vega (Mag 0.03) and HAO
1120 (Mag 4.41). Such a comparison should be viewed with some caution because the new
Focal Plane Assembly installed at the beginning of the observing season in 1989 markedly
increased the stellar light flux at the entrance aperture of the spectrograph. Thus, if all
else were equal, the values of Co(FR)FR should be smaller in 1989 than in 1988. This is
not the case, however, as the results in Table 1 illustrate. In all cases except for A8542 in
star 1120 a(FR)/FR is larger in 1989 than in 1988. The values for Vega are smaller than
those for star 1120, which is a result of the higher flux level from Vega. The increased
values of a(FR)/FR in A8542 for star 1120 is due to the combination of reduced flux at the
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longer wavelength and the reduced brightness of the star. The extra large value for 1988
illustrates the inadequacy of the stellar flux level at the spectrograph entrance aperture
during the 1988 observing season.

Table 1
Comparative Values of C(RR)/FR for Vega and HAO Star 1120

for 1988 and 1989
Vega 1120

No. of
Year Obs. Days Ha A8542 Ha A8542

1988 30 .011 .013 .018 .072
1989 21 .019 .020 .021 .028

4. Wavelength Stability

When searching for significant changes in time-series data it is often advantageous to
remove the mean value from the time series. Our first attempts to subtract a mean spec-
trum from each of the daily observations showed a strikingly similar pattern of wavelength
shifts that was common to nearly all stars. According to the dumb star hypothesis, this
can only be the result of a wavelength drift in the spectrograph.

Although the pattern of the wavelength shifts plotted as a time series is similar for
each star the amplitudes are not the same. The most likely source of the wavelength drift
is due to inadequate temperature control in the spectrograph room. In fact, the cooling
was known to be inadequate and it was customary to leave the outside door open in the
spectrograph room in order to provide additional cooling. Apparently, this introduces both
a seasonal and an hourly temperature effect. The common pattern observed for different
stars manifests the seasonal effect whereas the amplitude for a given star depends on the
time at which the star was observed.

For individual stars the amplitude of the seasonal drift ranges from a minimum of
about 1 pixel to a maximum of about 4 pixels. One pixel corresponds to 0.227A at
Ha and 0.295Aat A8542. In velocity units, a shift of 1 pixel represents 10.37 km s- 1 at
both wavelengths.

In order to make difference spectra it is necessary to "align" the individual daily
spectra. We elected to align the spectra to 1/4 pixel accuracy. To do this, we set a
reference level of intensity relative to the continuum, say 0.8, and an arbitrary reference
pixel number for line center. We then determined the center of gravity for the core of the
line with F < 0.8 relative to the reference pixel and rounded off the C-of-G to the nearest
1/4 pixel. We did this for each day of observation, then expanded the pixel grid by a
factor of four and shifted the data for each day so that the centers of gravity coincided
on different days. Next, we average the spectra to obtain a mean and subract the mean
from each of the shifted and expanded daily spectra. Finally, we contract the difference
and mean spectra by a factor of four so that the plotted data have the same number of
pixels as the original data.
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For most stars, we used Ha to align the spectra and used the daily shifts measured
in Hac for A8542 as well. In cases, where Ha is weak or peculiar in shape, we used A8542
for determining the daily shifts. In the cases of binary stars where the spectra of the two
stars are well separated, we first "straighten" the spectra for one star by correcting for the
published orbital velocity. Alignment is then done using the straightened spectra.

An example of the shifts measured in 1989 for one star typically observed near local
midnight is shown in Figure 4. The shifts are given in 1/4 pixel units. The zero point, of
course, is arbitrary. This star exhibits a total range of three full pixels. The average for
different stars is somewhat lower.

5. Data Presentation

During the course of our analysis, we became impressed with the large volume of data
needed to ensure the integrity of the results. For a typical day's observing on each star,
we logged the wavelength shift (relative to a standard pixel number), the central fluxes,
FR , for 8542 and Ha, and the spectral traces in order 3 and 11. Logging of wavelength
shifts and central fluxes is easy, of course, and requires minimal space. The spectral traces,
however, require volumes of paper. The latter are necessary for the purpose of evaluating
the quality of the data on a day-by-day basis. For a night on which 40 stars are observed
and, say four spectral orders are reduced, 160 spectral traces are required. The resultant
paper glut presents a real challenge both for cataloging and storage. We have attempted,
therefore, to find a more efficient alternative.

One alternative to storing the spectral traces is to store a spectral image consisting of
a grey-scale band whose shades of grey are proportional to intensity. In this way, several
months of data can be stored on a single sheet. Each spectral image loses considerable
detail compared to its spectra trace. However, the advantage of placing sequences of
spectral image side-by-side provides a very quick and sensitive means of identifying days
of poor data quality. Examples of the Ha order are shown in Figurs 5a, b, and c for
a relatively quiet star (GOV, Mag 4.1), a medium period binary with two K3V stars of
nearly equal magnitude (Period 7.7531d, Mag 6.39) and A R Lac, an R S CVn binary
with a period of 1.9832d. The primary in A R Lac is a G5 star and the secondary is a
KO. A beat period of approximately 60 days in the A R Lac data results from the one-day
observing period and the closeness of the binary period to an even two days.

Figures 6a, b, and c show difference spectra obtained by subtracting the mean spec-
trum from each daily spectrum for the same three cases shown in Figures 5a, b, and c.
Note that the 16-level grey scale extends only from -0.1 to +0.1 in the difference images,
whereas it extends from 0 to 1.2 in the spectral images.

Days of questionable data quality are readily evident in both the spectral image and
difference image plots. A good example of a day of poor data ocurs at day 297 located
just above the first data gap following day 288 in Figures 5b and 6b. Days of poor data
are particularly evident in the difference images.

The data shown in Figures 5 and 6 are for 1989 when fringing was a problem. Because
the fringe pattern is variable it is still evident in the difference images.
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III. Summary of Solar Observations

1. Introduction

In order to determine the photometric properties of SSS from the 1989 observations,
the set of 20 solar observations starting on 27 September and ending on 16 December 1989
are studied in considerable detail. The objective of this study is to measure the rotational
modulation as usually observed in the cores of both H alpha and Ca II K.

Initially we looked at stellar time series of the K line and found no credible variations
expected for rotational modulation. As the next logical step we chose to study the solar
data since we have measures of rotational modulation in Ca II K, He I 10830, and F10.7
from other sources for comparison.

2. Summary of Results

The photometric precision at the K line is approximately 3.5%. The photometric
precision at H alpha line is approximately 1%. The throughput of the instrument decreased
by 4 times over the observing period.

There is significant variability in the 'flat field' gain observations for the 3rd-order
spectrum of the Littrow spectrograph (Ca II K).

No rotational modulation of the solar irradiance spectrum at either H alpha or Ca II
is found in the 1989 data.

3. Calculation of Average Spectra for the Period

We perform four basic operations on the raw measurements of H alpha and Ca II K:
(1) routine correction for bias and variable gain, (2) alignment of spectra, (3) correction for
background, and (4) normalization to a reference 'continuum' defined on each spectrum.

a. Bias and Gain

The numerical bias of the instrument is measured before each run, and recorded as
a full CCD image. The bias image is subtracted, pixel by pixel, from each observed
image. No difficulty was found in the bias data except for a small variation in the residual
background on the chip. This will be discussed later.

No 'flat field' correction is made for the image as a whole; instead, the variation of
response along each spectral ridge is determined and applied to each observation. This
correction does not remove detailed pixel-to-pixel variations inherent to the CCD; conse-
quentially, the spectral images must contain some residual noise. There are substantial
variations in the gain corrections from observation to observation in 1989; and the variation
is much larger for the 'blue' chip. Data on this variation will be presented later.
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b. Alignment of Spectra

Athay's analysis of stellar spectra for 1989 demonstrated the need to align the spectra
in wavelength. Once this is done, the systematic doppler shifts for known binary stars
became very apparent. This earlier analysis considered only the echelle or 'red' chip data.
A separate analysis of the solar data, including the 'blue' chip data for Ca II K, shows a
correlation between the shifts on the two chips; but it is advisable to align the 'blue'chip
data independently to remove small residual displacements in wavelength.

c. Background

The CCD images show a non-zero background outside the ridges associated with
each order, even after the bias correction is made. In the echelle image, this background
is the Between-the-Order-Garbage (BOG). The Littrow image (blue chip) has a similar
background, but is relatively flat and obviously has a different origin than the BOG. It
may be scattered light. Correction for these backgrounds is different for the Littrow images
because the width of the spectral ridge is larger than that for the echelle. This results in
two different background correction algorithms for the two chips. The BOG correction for
the echelle is determined at +10 pixels from the center of the ridge, while for the Littrow
the background is determined at ±15 pixels from the ridge. This width difference also
requires different ridge integration algorithms for summing the total signal across each
ridge: the integration width for the echelle is 7 pixels; while for the Littrow it is 10 pixels.

d. Normalization to a Reference Continuum

Since relative photometry is the basis for determination of spectral line indices, defi-
nition of a local intensity reference from individual spectra is a crucial step. We observe
substantial changes in the 'color' of the raw spectra, particularly on the blue chip. The
technique used here is to select a set of intensity maxima in two bands on each side of the
line of interest. The bands are picked to lie as close as possible to the solar continuum well
outside the line wings. The intensities and positions of these maxima are then fitted with
a linear function, which is used to normalize all intensities for that particular order. Since
the references straddle the line of interest, changes of spectral color are minimized. The
references used for this reduction are in Table 2.

e. Average H alpha spectrum, Echelle Order 34, Ridge 11

Figure 7 shows the average of the 20 spectra and the standard deviation of the mea-
surement for each wavelength bin. The very large increase in intensity and sigma at short
wavelengths comes from four measurements at the beginning of the three-month observing
series. Figure 8 shows the resulting improvement when the four offending data sets are
removed from the sample. The sigma plot shows the precision for single measurements to
be 1% in the 'continuum' and about the same value in the center of the line. The large
increases in variation over the sample are due to water vapor lines in this region of the
spectrum. Such variability is a surprise for observations made during the fall and early
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winter in Arizona. Again, we see persistence of the larger variation in the first hundred
wavelength bins similar to the extremes in the four excluded data sets.

Figure 9 shows the average 'gain' and standard deviation for the 20 observations. The
precision of these measurements is 2 to 3% with considerable structure in the waveform.
There is no evidence of the spurious signals in the first 100 wavelength bins as was seen in
the spectra; therefore, the spurious signals occur in the solar observing mode.

Table 2
H alpha echelle Ca II K Litrow
pixel no. pixel no.

range 1 240 to 260
range 2 410 to 430

peak 1 125
peak 2 138
peak 3 164
peak 4 176
peak 5 183
peak 6 429
peak 7 470
peak 8 482

f. Average Ca II K Spectra, Littrow Order 3, Ridge 1

Figure 10 shows the mean spectrum for the K region and its standard deviation
.curve. The sigma at line center for both H and K are 2% while in the continuum reference
regions near wavelength bins 150 and 450 the variation is 2 to 3%. Again we see increased
variability in the first 100 wavelength bins as was the case for H alpha.

Figure 11 gives the mean 'gain' curve and the run of sigma with wavelength. Compared
to H alpha, the stability of the gain determination is a disaster on the blue chip. The
variations are on the order of 5% with some parts of the ridge having 10% variation.
Unfortunately, the highly variable region from bin 100 to 210 is where the blue continuum
references were chosen.

g. Conclusions from Study of Individual Spectra

Although the individual spectra show good wavelength stability and appear to be
reasonable in their appearance, photometrically these solar data do not have sufficient
precision to reveal rotational modulation reliably. To achieve a precision of 1% in the
centers of H alpha and K, we require an improvement of 10 times over that found in the
1989 solar data. The line wings and continuum should be reproducible at the 1% level, but
we find 2 to 5% variability in these 'photospheric' spectra used to normalize each order.
The center of H alpha has 1% variability while that for K is 3.5% which is to be compared
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with the 1% variation expected for rotational modulation expected for these lines.
Sources of the variation in the spectra are unknown at this time, but variation of

precision along each order suggests that the 'gain' correction may introduce noise 'struc-
ture' in wavelength. Such structure can be seen in the gain tables in Figures 9 and 11.
Again, variability in the gain for the K spectrum is much larger than for the echelle order
containing H alpha.

4. H alpha and Ca II K Time Series for Fall 1989

To search for rotational modulation, integrated intensities from the centers of H alpha,
K, and H are determined and plotted in Figure 12, together with time series for the 10.7 cm
radio flux, the K index from Kitt Peak, and the K index from Sac Peak. These irradiance
indices from other programs do not show large amplitude modulation during the time of
the SSS observations, thus we do not have a very good test period for comparison of the
different signals. Nevertheless, the SSS K line measurements clearly do not follow the 10.7
or K index data well. H alpha is much quieter after 89.9, but its variation is not well
correlated with the other indices, either. The large scatter at the beginning of the H alpha
data comes from the four poor spectra mentioned earlier. Again, we conclude that the
precision of the SSS solar data is not sufficient to reveal solar rotational modulation in
these data.

5. Instrument Properties over the Fall 1989 Observing Period

The measurements for both solar and stellar spectra showed an increase in noise in
December, 1989. To examine the performance of the system over the observing period,
the average counts were determined for the H alpha observations, the K observations, and
their associated gain measurements. These measures of the system throughput are plotted
in Figure 13. The throughput of the system decreased by four times over the period, and
the gain measurements showed the same decrease. Furthermore, all four absolute time
series show the same short term fluctuations. This behavior is hard to understand since
we are looking at data from two detectors fed at different times by two different sources -
the continuum lamp and the sun. The strong correlation in the throughput signals points
to the light feed as the common source of decreasing sensitivity of the system.
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IV. Recommendations

A long-term observing program with the S3 instrument should incorporate a number
of changes in the instrument and the observing routines. These include:
* Eliminate the fringing by redesigning the Focal Plane Assembly
* Determine the sources of the extraneous background signal on the CCD and reduce or

eliminate them
* Provide adequate temperature control in the spectrograph room
* Increase exposure times for faint stars to ensure an adequate signal-to-noise ratio
* Determine current throughput relative to past performance
* Set procedures for data display and surveillance to demonstrate instrument performance

on a daily basis
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Figure 1. An image of the CCD after exposure to a stellar spectrum and after correction for an average bias and dark
current. The flux level in the plots is limited from 0 to 50 counts in order to bring out the extraneous background.
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Figure 2. Readout of the counts down column 256 (center) of the CCD after exposure to a stellar spectrum. The
straight, horizontal line shows the sum of the average bias and dark current corrections.
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Figure 3. A spectral trace in order 3 illustrating the fringing introduced by the new Focal Plane Assemblyinstalled
in 1981. The two strong lines are members of the Ca II IR triplet.
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Figure 4. A plot of the center of gravity of the Haline in a selected star for the fall observing season of 1989. The
line "shift" is measured in units of 1/4 pixel relative to an arbitrary reference wavelength.
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1989 SSS Intensity Data

STAR 1120
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Figure 5a. - A sequence of spectral images in order 11 for a GOV star of mag. 4.41. The narrowest strips represent
single days. The data have been shifted to align the dark Haline. A linear grey-scale is used from 0 (black) to 1.2
(white).
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1989 SSS Intensity Data

STAR3820 ALIGNED DATA (SINE SHIFTED)
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Figure 5b. - Same as 5a except for a binary star with two K3V components. The spectra are aligned for one
component of the binary.
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1989 SSS Intensity Data
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Figure 5c. - Same as 5a except for A R Lac, an R S CanVan star. Again, the spectra are aligned on one component
of the binary.
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1989 SSS Intensity Data

STAR1120 - Cstarll20_avg
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Figure 6a. - Difference spectra obtained by subtracting the mean spectrum from each of the daily spectra in Figure
5a.
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1989 SSS Intensity Data
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Figure 6b. - Difference spectra from Figure 5b.
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1989 SSS Intensity Data
STAR5023 - Cstar5023_avg ALIGNED DATA (SINE SHIFTED)
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Figure 6c. - Difference spectra from Figure 5c.
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Figure 7. Mean Ha Spectrum and Its Precision. All 20 1989 Observations.
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NC65STARO.ovg Holpha--Normalized PROFILE 19891.2-..... ..... .
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Figure 8. Mean Ha Spectrum and Its Precision. The 16 best observations.
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PSEUDO GAIN STARO.avq Holpha-- 1989
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Figure 9. Mean Gain for Hoe Spectrum and Its Precision. All 20 1989 observations.
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HK--Normolized AVERAGE PROFILE 1989
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Figure 10. Mean Ca II K Spectrum and Its Precision. All 10 1989 observations.
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Figure 11. Mean Gain for the Ca II K Sp'ectrum and Its Precision. All 20 1989 observations.
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Comparison of SSS H&K with NSO Data
9 June 1992 ORW, HAO
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Figure 12. Comparison of SSS Ha and K Index Time Series with SP and KP measurements of the 1. K index and
with the 10.7 cm Radio Flux. Note the poor correlation of the SSS time series with the other measurements.
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History of Avg Pix Intensity and Gain
6/9/92, SSS, Order 3 & 41, ORW

89.78 89.82 89.86 89.9 89.94

+ Call gain 0 Call intensity A Halpha gain

Figure 13. Variation of the Mean Count for the Ha and I Spectra together with the mean counts from the Gain
Image made with the incandescent lamp. Note the steady decrease over the 1989 period and the short-term correlation
between all four measurements.
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