
m
t
h
r

Radiometric calibration of the vacuum-ultraviolet
spectrograph SUMER on the SOHO spacecraft
with the B detector

Udo Schühle, Werner Curdt, Jörg Hollandt, Uri Feldman, Philippe Lemaire, and Klaus Wilhelm

The Solar Ultraviolet Measurement of Emitted Radiation ~SUMER! vacuum-ultraviolet spectrograph
was calibrated in the laboratory before the integration of the instrument on the Solar and Heliospheric
Observatory ~SOHO! spacecraft in 1995. During the scientific operation of the SOHO it has been
possible to track the radiometric calibration of the SUMER spectrograph since March 1996 by a strategy
that employs various methods to update the calibration status and improve the coverage of the spectral
calibration curve. The results for the A Detector were published previously @Appl. Opt. 36, 6416 ~1997!#.
During three years of operation in space, the B detector was used for two and one-half years. We
describe the characteristics of the B detector and present results of the tracking and refinement of the
spectral calibration curves with it. Observations of the spectra of the stars a and r Leonis permit an
extrapolation of the calibration curves in the range from 125 to 149.0 nm. Using a solar coronal
spectrum observed above the solar disk, we can extrapolate the calibration curves by measuring emission
line pairs with well-known intensity ratios. The sensitivity ratio of the two photocathode areas can be
obtained by registration of many emission lines in the entire spectral range on both KBr-coated and bare
parts of the detector’s active surface. The results are found to be consistent with the published cali-
bration performed in the laboratory in the wavelength range from 53 to 124 nm. We can extrapolate the
calibration outside this range to 147 nm with a relative uncertainty of 630% ~1s! for wavelengths longer
than 125 nm and to 46.5 nm with 50% uncertainty for the short-wavelength range below 53 nm.
© 2000 Optical Society of America
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1. Introduction

The vacuum-ultraviolet spectrograph Solar Ultravi-
olet Measurement of Emitted Radiation1 ~SUMER!
on the Solar and Heliospheric Observatory ~SOHO!

easures the emission from the solar atmosphere in
he wavelength range from 46.5 to 161.0 nm with
igh spatial and spectral resolution. With careful
adiometric calibration performed in the laboratory2
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d’Astrophysique Spatiale, Unité Mixte Centre National de la Re-
cherche Scientifique, Université Paris XI, Batiment 121, F-91405
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before delivery of the instrument to the SOHO pay-
load, and by tracking of the calibration during the
flight,3 the instrument was used to measure absolute
radiance of the Sun in the entire spectral range and
even of full-Sun irradiances in many spectral lines.4
After observation of the first light on 24 January 1996
the instrument was operated continuously with the
prime detector ~A detector!, and the radiometric cal-
ibration was traced from laboratory calibration to
in-flight conditions by methods described in previous
publications.5,6 After 24 September 1996 it was de-
cided to switch the instrument configuration to oper-
ate the B detector, while the A detector was put into
a resting state. Since then the B detector has been
operative for most of the time. We show here how
the radiometric calibration of the SUMER instru-
ment with the B detector was maintained during
flight and give detailed descriptions of the methods
employed to refine the spectral calibration curves.
First we give some instrumental details that are per-
tinent to the calibration of SUMER data obtained
with the B detector. Then the different measure-
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ments performed to refine the calibration curves are
described and analyzed. Finally we present the in-
strument sensitivity curves obtained and discuss
their accuracy.

2. SUMER Instrument with the B Detector

The optical elements of the telescope and spectro-
graph are made from silicon carbide ~SiC! with a
chemical-vapor-deposited SiC coating. Even with
this surface the short-wavelength useful efficiency of
the instrument is restricted to wavelengths greater
than approximately 46.5 nm. As a result, practi-
cally only first- and second-order spectra are observed
because of the low efficiency of the mirrors at short
wavelengths ~few third-order lines have been identi-

ed!. The spectrum produced by the concave grat-
ng is registered by two imaging detectors: the A
etector is mounted in a strict Wadsworth configura-
ion, whereas the B detector is offset from the grating
ormal by 2.4°. Thus the total wavelength ranges of
he two detectors are slightly different: The A de-
ector covers 78.0–161.0 nm in first order ~39.0–85.0
m in second order! and the B detector first-order
ange extends from 66.0 to 150.0 nm ~33.0–75.0 nm

in second order!. For the B detector there is a larger
overlapping wavelength range of first- and second-
order spectra than for the A detector. The detector
format consists of 360 spatial and 1024 spectral pix-
els. The photocathode of the B detector is coated
with potassium bromide ~KBr! for spectral pixels 270
to 758. The remainder of the array exposes the bare
microchannel plate. In addition, there is an atten-
uating mask ~1:10! in front of spectral pixels 23–53
and 970–1005. @The pixel numbers given above are
those of instrument pixels; SUMER data are nor-
mally converted to copixels 5 1023 minus the pixel
number.# The small offset angle of the B detector
position leads to small differences in the spectral dis-
persion value and the spatial magnification of the
spectrometer, which have to be considered when in-
strument count rates are transformed into physical
units. A radiometric calibration routine supplied for
SUMER data takes these factors into account.

3. Laboratory Calibration and Application with SOHO

The radiometric calibration performed before the
flight of the SOHO has been described in detail.2 In
brief, the radiometric sensitivity of the SUMER in-
strument was calibrated with a hollow-cathode dis-
charge source as a transfer standard that was
calibrated against the Berlin electron-storage ring for
synchrotron radiation ~BESSY I!, a primary radio-
metric source standard. By use of the bright emis-
sion lines of inert gases of the hollow-cathode source,
the sensitivity of the instrument was measured at
various wavelengths in the spectral range from 53.7
to 147.0 nm. Both detectors had to be calibrated
independently. For each emission line of the source
the calibration was performed at three positions on
the photocathode of each detector. An average was
taken over a large part of the detector’s active surface
to neutralize the well-known effects of small-scale
nonuniformities of microchannel plate detectors.
The relative uncertainty of the radiometric calibra-
tion on ground is 12% ~1s! in the wavelength range
covered.2 Figure 1 shows the results of the labora-
tory calibration of SUMER with the B detector.

The fixed pattern of efficiency differences given by
the small-scale nonuniformities of the channel plate
gain can be removed to a large extent by flat-field
correction. Quasi-flat-field images have been pro-
duced regularly ~approximately every two months!

uring the operational phase with the Lyman contin-
um of the Sun as the source and the spectrometer in
n unfocused position. An onboard routine produces
he flat-field correction matrix from these data by
xtracting the features smaller than 16 3 16 pixels
ith a median filter, resulting in a relative sensitivity
atrix scaled from 0.5 to 1.5. In Fig. 2 we show the

orrection matrix derived from this quasi-flat illumi-
ation. Both images are telemetered to the ground
tation for flat-field treatment of data on the ground
or even to undo the flat-field correction if it had been
ade onboard!.
Under normal operating conditions on the SOHO,
ith observations on the solar disk, the detector is
sed permanently at a high count rate close to satu-
ation of the channel plates and the image-processing
lectronics. When bright solar lines are being ob-
erved, the local gain of the channel plates saturates,
epending on the local count rate. If the global
ount rate of the detector exceeds 104 countsys, the

dead-time effects of the position-encoding electronics
must be considered. Both effects, the local gain de-
pression and the electronic dead-time effects, were
studied during the laboratory calibration1 and by
measurements in flight,5 and by use of these results,
they can be corrected accordingly.
Fig. 1. Results of the laboratory calibration of the SUMER spec-
trograph with the B detector obtained with the lines of inert gases
of the hollow-cathode source. The data points for KBr and for the
bare photocathodes are connected by solid curves when they are
observed in the first or the second order separately. The aperture
area of the SUMER instrument is 117 cm2.
20 January 2000 y Vol. 39, No. 3 y APPLIED OPTICS 419
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4. Stability of the Calibration of the B Detector

When the observational configuration of the SUMER
instrument was switched from the A detector to the B
detector, a comparison of the sensitivity was made
with both detectors. Because the A detector had
been stable during the time of its use ~see Ref. 3!, the
alibration could be transferred, and the initial cali-
ration of the B detector was confirmed. To track
he stability of the spectral sensitivity of the SUMER
nstrument during the operational phase, regular ob-
ervations were made of selected emission lines in
uiet-Sun regions ~neither active regions nor coronal
oles! near the center of the solar disk. These ob-
ervations are part of the intercalibration programs
imed at cross calibrations between the ultraviolet
nstruments on the SOHO. These measurements
ere made with the emission lines of He I at 58.4 nm,

Mg X at 60.9 and 62.4 nm, Ne VIII at 77.0 nm, and N V

at 123.8 nm. In addition, regular measurements of
the intensity of the Lyman continuum at 88.0 nm
were made. The cross calibration with the other ul-
traviolet instruments of the SOHO will be the subject
of a separate publication7; here we use the data ob-
ained to monitor the stability of the SUMER calibra-
ion. A detailed description of the measurement
rocedure can be found in Ref. 3. From these mea-
urements we deduce the mean solar radiance of the
mission lines in the observed area by integrating the
ine profiles and separating them from background
nd continuum emission. In Figure 3 we summa-
ize the results of the radiance measurements per-
ormed with the B detector since 28 August 1996.
he actual dates of measurements are indicated.
ariations of the radiances of as much as 30% in the
bserved quiet-Sun emission lines are larger than
tatistical uncertainties and are accounted for by lo-
al changes in the solar emission. A linear fit to the
ata set of each line shows that no loss in the sensi-
ivity of the instrument has occurred at these wave-
engths. Rather, a general increase of intensity can
e observed in all lines. This increase is coincident

Fig. 2. Flat-field correction matrix used to correct small-scale fi
contains the relative pixel sensitivity values from 0.5 to 1.5. The
quasi-flat illumination of the detector’s field of view.
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with the solar activity cycle and is less pronounced in
the optically thick He I line. Thus we conclude that
these variations are not an instrumental effect.

During the long period of operation, the detector
microchannel plates suffer from aging. Because of
the large amount of charge extracted from the chan-
nel plates, the gain is being reduced, and an increase
in operating voltage is needed to keep the gain at the
required level. For this reason, the pulse height dis-
tribution ~PHD! of the detector output pulses was

onitored during data acquisition times; whenever
he PHD decreased to a level such that 10% of the
ounts fell below the discriminator threshold, the
hannel plate’s high voltage was raised to compen-
ate for the gain loss. The PHD measurement was
lways performed at the wavelength of the Lyman
ontinuum at 88.0 nm, which produces a nearly uni-
orm count rate over the whole detector area; thus the
HD can be sampled uniformly.
Local gain depletion could not be avoided in this
ay, but the distribution of the aging was determined

argely by the way in which the instrument was op-
rated: The instrument software allows us to place
he selected spectral range at any pixel location, so
e could prevent detection of intense lines at the

ame pixel location for long time periods. A cumu-
ative history of representatively sampled counts in
ertain pixel areas that is held in the data memory
nd sent to ground on demand is used to verify this.
n Fig. 4 we show such an image of the history mem-
ry, which represents a map of all detected counts on
he detector from the beginning of its operation dur-
ng laboratory calibration until June 1998. The top
anels show the average counts per column ~left! and
ow ~right! of the memory history shown in the lower
anel. From the distribution of counts we see that
o local area on the detector has been used exten-
ively or was starved of counts and that the detector
as used more-or-less evenly. Clearly, the central

olumns correspond to the KBr photocathode with its
igher efficiency and the central rows correspond to

attern features of the microchannel plate detector. The matrix
array was extracted with a median filter of 16 3 16 pixels from
xed p
data
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the short spectrometer slit of 120 arcsec in the cen-
tered position ~the off-center positions of the slit have

ot been used so much!. The upper and lower edges
are not sharp because the residual inclination of the
grating and scan mechanism results in a vertical
movement of the spectrum that depends on the wave-
length selected. Thus, only the areas under the at-
tenuators and the extreme upper and lower edges of
the active photocathode surface stay less used, and
we can expect high gain at these locations.

To minimize the aging of the detector, we decided
to lower the high voltage to a parking level of 23000
V whenever no data were acquired. When the B
detector was activated on 24 September 1996, we
decided to reduce the aging further by operating the
detector at the lowest gain possible without losing
counts in the discriminator stage. This had the ef-
fect that the PHD was always close to the discrimi-
nator threshold, and any loss of gain would result in
a loss of counts. Thus a variation of 67% of detector
efficiency between adjustments of the high voltage
could not be prevented and must enter the uncer-
tainty budget whenever data are calibrated.

During the course of operations, the high voltage of
the detector was raised from initially 4700 V to the
current 5560 V, and a total number of 3 3 1011 counts
was collected. In Figure 5 the history of the B de-
tector is summarized, showing the total accumulated
counts versus time and the high voltage increase with
the number of accumulated counts. It seems that,
finally, the aging of the channel plates is reaching a
level at which fewer high-voltage increments are

Fig. 3. Radiances of the emission lines of He I ~58.4 nm!, Mg X ~60
several calibration runs between 28 August 1996 and 6 November
needed. It must be noted here that only the possi-
bility to distribute the total counts evenly on the de-
tector active surface allowed us to increase the high
voltage sequentially for compensation of the gain loss
over such a large range and, thus, to keep the
SUMER instrument in a calibrated mode.

The aging also has a small effect on the fixed pat-
tern of the flat-field image: The change in channel
plate gain produces a small shift of position of the
fixed pattern. This shift is generally less than half a
pixel in two months, depending on the average total
counts during the time period. Therefore, approxi-
mately every two months, whenever a gain adjust-
ment was necessary, the flat-field image was
replaced. However, the usage of the detector active
surface during such a time is not uniform, and thus a
differential shift can remain uncorrected, which lim-
its the performance of this flat-field routine.

5. Refinement of the Calibration during the SOHO
Mission

Despite the successful initial calibration and the
overall stability during flight, the spectral calibration
curve was based on a set of bright emission lines of
the inert gases ~53.7–146.9 nm! provided by the cal-
ibration source used during the laboratory calibra-
tion. This approach left significant gaps between
those lines, particularly from 54.8 to 71.8 nm and
from 123.5 and 146.9 nm. To verify and complement
the laboratory calibration and fill the gaps in the
calibration curves, we used different methods to ar-
rive at the data with the Sun and bright UV stars as

d 62.5 nm!, Ne VIII ~77.0 nm!, and N V ~123.9 nm! measured during
. The actual dates of the measurements are given at the bottom.
.9 an
1998
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the sources. Most of the data were acquired by a
reference spectrum, an observing sequence that pro-
vides a full spectral scan of the spectrometer. Such
a spectrum consists of 62 images displaced by a spec-
tral increment of 1.27 nm from one to the next. In
such a way it is possible to record each part of the
spectrum once on the bare and once on the KBr sec-
tions of the photocathode. For this purpose a spec-
trum was chosen in which the slit position was
pointed above the solar limb above an active region,
which provided intense hot streamer plasma with
many spectral lines of high-temperature species and
less continuum emission. This procedure guaran-
teed that the observed lines did not vary much during
the time of the measurement, and continuum contri-
butions to line intensities were negligible. The spec-
tral lines were identified from the spectral atlases of
Curdt et al.8 and Feldman et al.9

A. Spectrometer Efficiency Ratios in First and Second
Orders

With the B detector the range of overlapping orders is
larger than for the A detector, thus allowing us to
determine the grating efficiency ratio by observing
the same lines in both the first and the second orders
of the spectrometer. In the range from 67.6 to 72.1

Fig. 4. History memory data of the B detector as of June 1998:
accumulated counts per pixel on the detector active area ~lower p
22 APPLIED OPTICS y Vol. 39, No. 3 y 20 January 2000
nm we identified 12 lines that we could observe in
both orders. The intensities of lines were deter-
mined by integration of the intensity along the slit
length and by fitting of a Gaussian to the line profile
with continuum subtraction. Where it was neces-
sary, a multi-Gauss fit was used to separate the lines
from blends. In Table 1 we have compiled the re-
sults of the measured sensitivity ratios. The varia-
tion of the results is as large as 20% and is caused by
the variation of the emission of the observed target.
But, as we can assume that the grating efficiency in
this wavelength range is not a steep function, we can
fit a linear function to the data. We find that the
grating efficiency ratio varies from 0.9 at 67 nm to 1.3
at 72 nm. Starting from the laboratory calibration
points for the bare photocathode in second order,
where we have good coverage of data points ~see Fig.
1!, we can transfer these data to the first-order curve
to extrapolate the bare photocathode calibration in
first order to shorter wavelengths from 88.9 to 67 nm
with a gap from 88.9 to 76.9 nm. Within this gap the
efficiency of the bare part is not a steep function and
varies from 9.9 3 1024 to 12.7 3 1024; thus a linear
interpolation in this range will be a good approxima-
tion. The efficiency of the KBr is a steep function in
this same range, and therefore we use the KBr-to-

umn ~top left! and row ~top right! averages and map of the total
.

col
anel!
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bare ratio, which we can measure with better accu-
racy, to transfer the calibration in the range so far
covered from the bare to the KBr-coated parts.

B. Photocathode Sensitivity Ratios

It is crucial for good accuracy in the line intensity
measurements that the solar radiation observed not
vary much in space and time. This requirement lim-
its the accuracy of the first- to the second-order effi-
ciency ratio presented above because the lines
observed in both orders lie at the opposite extremes of
the SUMER spectrum, which separates their time of
observation as much as 5 h, given the observing se-
quence used to acquire this spectrum. All lines,
however, are observed on the KBr and bare parts in
sequence with a separation of only 5 min. As a re-
sult, many more lines can be used for determination
of this ratio, and the accuracy of their measurement
is better. For this measurement, lines were chosen
that gave a good fit to a single Gaussian function to
eliminate any blends or continuum contributions

Fig. 5. History of the B detector total accumulated counts versus
time of operation and the evolution of the high-voltage increments
versus accumulated counts.

Table 1. Line Ratios Measured in First and Second Orders

Line Wavelength ~nm!
Ratio, First to
Second Orders

Si IX 67.65 1.11
Al IX 68.04 0.88
Na IX 68.17 0.88
Mg VII 68.96 0.90
Ca IX 69.14 1.27
Na IX 69.42 1.13
Si IX 69.47 1.00
Ar VIII 70.02 1.06
Mg IX 70.61 1.10
Ar VIII 71.38 1.10
O II 71.85 1.40
a 72.13 1.30

aUnidentified line
from other orders. The results are plotted in Fig. 6,
together with the ratios obtained from the preflight
calibration points. We see that the preflight ratios
fit these flight data very well. By fitting a smooth
curve to these data we obtain an accurate curve for
the KBr-to-bare ratio, which we can use to transfer
the calibration from the bare to the KBr photocath-
ode. In particular, the fit will extend the first-
order–KBr curve down to 67 nm and fill the gaps in
this curve that lie from 88.9 to 76.9 nm and the gaps
in the second-order–KBr curve that lie from 67.2 to
71.8 nm.

C. Line-Pair Intensity Ratios

The spectrum analyzed above also contains spectral
lines whose theoretical intensity ratios are well
known and do not depend significantly on the elec-
tron temperature or the electron density. As we
have done for the A detector,6 we can use these line
ratios to extrapolate the calibration curves to shorter
wavelengths beyond the range of the laboratory cal-
ibration. We use the line ratios of Ca X, 57.40y55.77
nm; Al XI, 56.82y55.00 nm; Si XII, 52.07y49.94 nm;
nd Ne VII, 89.52y46.52 nm with their theoretical in-

tensity ratios listed in Table 2 of Wilhelm et al.6 Ex-
cept for the Si XII line pair, all pairs have the longer-
wavelength emission line inside the range of the
laboratory calibration. So we normalize the inten-
sity of these lines to the corresponding sensitivity of
the laboratory calibration. We use a linear interpo-
lation between the laboratory calibration points for
this procedure and in this way determine the sensi-
tivity at the corresponding shorter wavelength. The
results are shown in Fig. 7, with the line designations
labeled accordingly. For the Si XII line pair we can
use the ratio of the line pairs to determine only the
slopes of the curves near 50 nm. The shortest wave-
length observed is the Ne VII 46.52-nm line. Its in-
tensities on the bare and KBr photocathodes can be
determined only with a low degree of accuracy be-

Fig. 6. Ratio of the two photocathode efficiencies KBrybare. The
laboratory calibration data are included for comparison with the
flight data.
20 January 2000 y Vol. 39, No. 3 y APPLIED OPTICS 423
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cause of blends in first order from hydrogen and he-
lium lines. Thus the accuracy of this extrapolation
is fairly poor, and for the wavelengths below 50 nm
we can only estimate the uncertainty to be 50% ~see
Fig. 8!.

D. Star Observations

To refine the calibration curves at wavelengths above
123.6 nm we used the ability of SUMER to observe
stars passing through the field of view within two
solar radii. The bright UV stars a Leonis and r

eonis, which are used as standard stars for the
ubble Space Telescope,10 were observed with the B

detector on 22 and 28 August 1997, respectively.

Fig. 7. Radiometric sensitivity data of the SUMER instrument
with the B detector from laboratory and flight calibrations. Data
symbols for the laboratory points are as in Fig. 1. The region of
overlap of first and second orders is magnified in the inset ~with the
sensitivity scale increased by a factor of 3!. Open circles, star
bservation data. Asterisks, transfer of data by use of KBrybare

or firstysecond-order ratios. Line ratio data are marked by labels
and symbols with open circles.

Fig. 8. Refined spectral sensitivity for the SUMER instrument
with the B detector. The curves were derived by interpolation
between data points and smoothing. The relative uncertainties
are valid for the KBr and bare curves and include contributions
from optical stops and diffraction losses. MCP, microchannel
plate.
24 APPLIED OPTICS y Vol. 39, No. 3 y 20 January 2000
Their spectral radiances taken from the Interna-
tional Ultraviolet Explorer data are given with un-
certainties of 10–15% ~1s!. We compared the data
with our measurements in first order of the KBr part
of the photocathode at wavelengths from 120.0 to
147.5 nm and found good agreement with our cali-
bration at 123.6 nm. Hence these data were used as
the baseline for the calibration of the KBr part of the
SUMER above 123.6 nm. We used the ratio of the
KBr photocathode to the bare microchannel plate to
determine the spectral sensitivity of the bare part in
the same wavelength range. The resulting data
points are included in Fig. 7 as circles in the KBr
curve and stars in the bare curve above 120 nm.

6. Summary and Discussion

Using various observational methods, we improved
the spectral calibration curves of the SUMER with
the B detector. The calibrated range could be ex-
tended to wavelengths as short as 46.52 nm by the
line ratio method and as long as 147.5 nm by obser-
vations of reference stars. By observation of a coro-
nal emission spectrum it was possible to derive
accurate ratios of the two photocathode areas and the
first- to the second-order efficiency of the spectrome-
ter in the overlapping wavelength range. This al-
lowed us to relate the four calibration curves to one
another and to interpolate inside the gaps left by the
laboratory calibration. The combination of all data
displayed graphically in Fig. 7 shows the consistency
of the various measurements and excellent agree-
ment between the flight calibration and the labora-
tory results obtained two and a half years earlier.

One discrepancy between the laboratory and the
star calibrations, however, is evident at 147 nm:
The laboratory value of the KBr curve is higher by
;60%. The fact that the laboratory value for the
bare curve fits well with the flight values obtained
from star observations and KBr-to-bare ratio mea-
surements can indicate that the efficiency of the KBr
coating might have decreased at the longest wave-
lengths. However, from these measurements we
cannot conclusively determine whether the one data
point of the laboratory measurement was faulty or
whether a change in sensitivity has occurred. For
determination of the final in-flight calibration curves
we shall disregard this one data point for the KBr.

As a summary—and as a database for actual cali-
bration of the SUMER data—we produce from all
laboratory and flight calibration results a set of spec-
tral sensitivity curves that provide calibration values
throughout the useful spectral range of the SUMER
instrument. The curves shown in Fig. 8 were pro-
duced by interpolation among all data points and
smoothing. They can be used as a basis to convert
SUMER data into radiometric units. A conversion
program that includes the influence of the apertures
isavailableontheInternet: http:yysohowww.nascom.

asa.govydescriptionsyexperimentsysumeryradcal.
html.

The good agreement between laboratory and flight
data gives us confidence that the uncertainty of 12%
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in the laboratory calibration is still valid within the
range of 53.0–123.6 nm. However, the operation of
the B detector close to the discriminator threshold
and the nonuniform aging across the active detector
area introduce additional variation and uncertainty
in the detector efficiency. The corresponding
changes in the pulse height distribution and the fact
that high-voltage adjustments could be done only
stepwise lead to an additional uncertainty, which we
estimate to be 67%. The uncertainty in the main
spectral range can thus be safely set to 20% ~1s!. In
the extrapolated range the uncertainty levels are
higher: Above 123.6 nm we rely on the calibration of
standard stars, and we estimate the uncertainty of
our measurements to be 30%, whereas in the short-
wavelength range below 53.0 nm we have only the
Ne VII 46.5 nm line, which we could measure with
only 50% confidence. More dedicated measure-
ments at these extreme wavelengths and repeated
observations of the stars are necessary to improve
these results.

SOHO is a project of international cooperation be-
tween the European Space Agency ~ESA! and the
National Aeronautics and Space Administration
~NASA!. The SUMER project is financially sup-

orted by the Deutsches Zentrum für Luft- und
aumfahrt ~DLR!, the Centre National d’Etudes Spa-

iales ~CNES!, NASA, and the ESA PRODEX pro-
ram ~Swiss contribution!.
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