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Abstract

The student nitric oxide explorer (SNOE) satellite made daily solar observations of the solar soft X-ray irradiance over most of
the period from March 10, 1998 through March 16, 2002. Wavelengths below 30 nm, referred to as soft X-rays, were measured in
broadband channels consisting of photodiodes with thin film filters deposited directly on the diode surfaces. SNOE had three such
channels measuring in the bands 0.1-7, 6-19 , and 17-20 nm. The solar rotational (~27-day) variability in these bands is 44%, 28%,
and 14%, respectively, and the solar cycle (11-year) variability is approximately factors of 11, 6 and 5, respectively. The SNOE obser-
vations are compared to more recent observations by the TIMED SEE instrument which uses the same technique at similar levels of
solar activity and are found to be larger by a factor nearing two. The SNOE observations are shown however to be in excellent

agreement with the EUVAC empirical model of solar irradiance.
© 2005 COSPAR. Published by Elsevier Ltd. All rights reserved.

Keywords: Solar irradiance; Soft X-ray; Solar variability

1. Introduction

The solar soft X-ray irradiance, here defined as 0.1-
30 nm, is important in that it provides an energy source
to the lower thermosphere and ionosphere for the pro-
duction of photoelectrons which then produce E-region
ionization, odd-nitrogen leading to the production of
nitric oxide, and airglow emissions. Thus, the soft
X-ray spectral region plays an important role in the ion-
ospheric structure as well as in the energetic and chem-
ical properties of the upper atmosphere. The solar soft
X-ray irradiance is highly variable and is thus a signifi-
cant driver of space weather. To understand the influ-
ence of the Sun on the atmosphere, it is vitally
important to understand this region of the Sun’s
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spectrum. The aeronomy community has been hindered
in the past due to poor knowledge of this part of the sun’s
spectrum. Bailey et al. (2000, 2001) review the history of
solar soft X-ray irradiance measurements as well as the
use of those measurements in atmospheric models.
Observations by the student nitric oxide explorer
(SNOE) brought about a significant improvement in
our understanding of the solar soft X-ray irradiance.
The Solar X-ray Photometer (SXP) on SNOE (Bailey
et al., 2000, 2001) used new X-ray sensitive detectors
(Bailey et al., 1999a) and precise calibrations with
known synchrotron light sources at the National Insti-
tute of Standards and Technology (NIST) to measure
the soft X-ray irradiance in three channels. Validation
measurements were obtained with sounding rocket
underflights of similar instrumentation being developed
for the Solar EUV Experiment (SEE) on the Thermo-
sphere Ionosphere Mesosphere Energetics and Dynamics
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(TIMED) mission. TIMED was launched in December
of 2001 and SEE has been observing the solar soft X-
ray irradiance using the same technique as SNOE since
that time (Woods et al., 2005).

Analysis of SNOE observations by Bailey et al.
(1999b, 2000, 2001) confirmed earlier suggestions that
the solar soft X-ray irradiance is larger than suggested
by earlier measurements and empirical models (Hinte-
regger et al., 1981) by a factor of approximately four
(and varying somewhat with solar activity). Solomon
et al. (2001) used this scaling factor in an ionospheric
model and showed that the SNOE solar soft X-ray
observations allow for the first time agreement between
observations and models of E-region electron densities
and photoelectron fluxes. Barth and Bailey (2004)
showed that the SNOE soft X-ray irradiances used in
a photochemical model explain observed SNOE NO
observations. Eastes et al. (2004) showed that the SNOE
irradiances correlated well with thermospheric neutral
densities obtained from satellite drag observations.

Lean et al. (2003) compared the newly developed
NRLEUYV physics based model of the solar irradiance
and its variability to the two longest wavelength SNOE
channels. They showed that the SNOE 17-20 nm irradi-
ances were larger than the NRLEUV predictions by
more than a factor of 2. Fox (2004) used a scaling factor
to the Hinteregger et al. (1981) model similar to that
used by Solomon et al. (2001) to compute electron and
ion densities in the ionosphere of Mars. In comparing
their results to observations, Fox concluded that the
uniform scaling factor to Hinteregger irradiances below
20 nm was inappropriate and suggested that the scaling
factors should be reduced at the longer wavelengths be-
tween 15 and 20 nm.

The present work extends on the earlier analysis of
SNOE observations in three ways. The earlier works
presented the first 1.5 years of data. In this paper, we
present the full data set which spans most of four years.
We will also make comparisons to the TIMED SEE
observations. A third goal is to improve the interpreta-
tion of the SNOE broadband observations by using a
new reference spectrum. This final goal directly ad-
dresses Fox’s conclusions. Some preliminary compari-
sons of SNOE and SEE observations are discussed in
Woods et al. (2004, 2005).

A detailed description of the SNOE measurement
technique is provided in the following section. A key
component of this analysis is that a reference spectrum
must be used to interpret the broadband measurements.
The broadband photodiodes produce currents which
provide accurate descriptions of the energy impinging
on their surfaces. To relate photodiode current to the so-
lar spectrum requires assumptions about the wavelength
of the impinging irradiance. If the assumed reference
spectrum does not contain irradiance at short wave-
lengths, the inferred longer wavelength irradiances are

increased to compensate for the missing irradiance. In
the first analyses of SNOE and sounding rocket photo-
diode observations (Bailey et al., 1999a,b, 2000, 2001)
the reference spectrum was taken from the model of
Hinteregger et al. (1981). This empirical model has a
short wavelength cutoff at 1.8 nm. It was therefore as-
sumed that in non-flare conditions, there was negligible
contribution from wavelengths shorter than 1.8 nm.
Since these first analyses, new physics based modeling
of the solar spectrum has been performed (Meier
et al., 2002; Warren et al., 2001) and the results show
significant irradiance below 1.8 nm. Neglecting irradi-
ance at these wavelengths as done previously has the ef-
fect of artificially increasing the inferred irradiance at
longer wavelengths. In the present analysis, we will
incorporate the new reference spectrum in the SNOE
analysis. The result of this analysis will be that the irra-
diances in the two long wavelength channels are reduced
by approximately 50% from the results of Bailey et al.
(2000, 2001). Minimal effect is seen on the shortest wave-
length channel. This result is in qualitative agreement
with Fox (2004).

2. Observations

SNOE was launched on February 27, 1998, into a
556 km near-circular Sun-synchronous orbit with an
average local time of 10:30. It was a spinning satellite
rotating at 5 rpm. Details of the mission, the scientific
objectives, the spacecraft, its subsystems, and the instru-
mentation can be found in Bailey et al. (1996) and Sol-
omon et al. (1996) (see also Barth and Bailey (2004)).
SNOE made observations until November of 2003 and
reentered the atmosphere on December 13 of that year.
Because of the evolution of the SNOE orbit, solar obser-
vations were not possible after February 2002.

The SXP on the SNOE spacecraft performed photo-
metric measurements of the solar soft X-ray irradiance
in three selected wavelength channels. The channels con-
sist of X-ray sensitive photodiodes with thin films depos-
ited directly onto the active areas. Bailey et al. (2000,
2001) describe in detail the instrument, its operation,
the data reduction algorithms, and the analysis of the
first measurements.

An individual photometer bandpass is determined
from thin-film filters deposited directly on a photodiode
in the wafer form (Canfield et al., 1994; Bailey et al.,
1999a,b). The particular material and thickness in con-
junction with the uncoated photodiode response deter-
mine the wavelength region of sensitivity for each
photometer. Each coating is designed to provide a nar-
row band of transmission when folded in with the bare
photodiode sensitivity. In particular, the coatings must
be thick enough to block any contribution from the
much brighter long-wavelength spectrum of the Sun.



S.M. Buailey et al. | Advances in Space Research 37 (2006) 209-218

The use of three photometers with different filters yields
the desired wavelength coverage. The combination of
bare photodiode sensitivity, coating materials, and
thicknesses of those materials determine the passband
for each channel. The SNOE complement of photodi-
odes is listed in Table 1 along with the coating materials,
their thicknesses, and wavelength range they were de-
signed to measure. These ranges are determined by con-
volving the sensitivity of the coated diode with a solar
reference spectrum as discussed in detail later.

Calibrations of the coated photodiodes were per-
formed prior to launch using the Synchrotron Ultravio-
let Radiation Facility (SURF 1II) at NIST at
wavelengths longer than 5 nm (Canfield, 1987). In order
to enhance the accuracy of the calibrations and extend
the wavelength coverage below 5 nm the sensitivity is
modeled based on the known sensitivity of a bare pho-
todiode (Korde and Canfield, 1989; Canfield et al.,
1994) and the calculated transmission of the thin-film fil-
ters. The NIST calibrations and the modeled sensitivity
are shown in Fig. 1. The modeled sensitivity is used in
the data processing. Bailey et al. (2000, 2001) discuss
the calibration and the resulting uncertainties in greater
detail. The measurements and the model predictions
agree to within 5% at the primary wavelengths where
the diodes are most sensitive. The NIST measurements
have 1-o relative uncertainties of 4-10%.

When observing the Sun at soft X-ray wavelengths
with photodiodes, long wavelength (i.e., visible light)
contributions to the measured signal must be ac-
counted for. These contributions are present because
the bare photodiodes are nearly as sensitive to visible
light as they are to soft X-rays while the visible solar
spectrum is many orders of magnitude brighter. The
photodiode coatings are designed to be thick enough
to block visible light; however, microscopic pinholes
in the coatings pass enough visible light that they
can produce a significant signal that must be sub-
tracted from the data. This subtraction was made pos-
sible by the use of a fused silica window. A door
mechanism on the SXP moved the fused silica window
in front of the photometer channels. The fused silica
passed UV and visible radiation but not soft X-ray
or EUV. Therefore measurements made with the door
closed give the magnitude of background signal that is
due to long-wavelength radiation and any dark
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Fig. 1. Sensitivity of the coated SNOE photodiodes. Symbols are
measurements made at the Synchrotron Ultraviolet Radiation Facility.
Vertical lines over the symbols on the Ti values indicate 2-¢
uncertainties for those measurements. The uncertainties for the other
photodiodes are not shown because they are smaller than the sizes of
the plotting symbols. The lines through the symbols are the modeled
sensitivities based on the sensitivity of a bare photodiode and the
transmissions of the thin film coatings.

current. A correction must be made as the transmis-
sion of fused silica is slightly less than 100%. The
transmissions of the filters are measured in the labora-
tory with a tungsten lamp and are typically ~94% at
visible wavelengths. Degradation of the fused silica
window in space was expected to be minimal; nonethe-
less, one uncoated SXP photodiode was used to mea-
sure the visible transmission of the window. Analysis
of the degradation of the windows over the SNOE
mission found that the window transmission degraded
by about 10%. This has been accounted for in the
processing.

The magnitude of the contribution of visible light to
the observed signal is strongly dependent on incidence
angle. This dependence occurs because the visible light
signal is primarily due to pinholes in the coatings that
are not spread uniformly across the active area. In fact,
they tend to appear in the outer edges of the photodiode
which only become illuminated at larger incidence an-
gles. Thus large increases in the visible light signal are
observed for angles of incidence approaching the edges
of the +30° field of view. This variation in the visible
light contamination with incidence angle is important
since SNOE is a spinning satellite and solar observations

Table 1
SNOE channel information

Channel 1 Channel 3 Channel 4
Coating Ti/TiO Zr/Ti/C Al/C
Thicknesses (nm) 220/100 120/15/70 210/80
Signal below 10 nm (%) 98 50 35
Signal above 10 nm (%) 2 50 65

Available observations

3/11/1998 — 4/10/2001, 1/1/2002 — 3/17/2002  3/11/1998 — 9/12/1999, 11/25/1999 — 10/6/2000

3/11/1998 — 9/12/1999
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are performed over a range of incidence angles. In this
work observations within 15° of normal to the active
area are considered. This feature of the instrument is
accommodated in the data analysis by comparing only
door open and door closed observations made at the
same angles of incidence. See Bailey et al. (2000, 2001)
for a full description of the instrument operation.

A component of the visible signal when the fused sil-
ica window is present in front of the photodiodes is due
to reflections from the window itself. The fraction of vis-
ible light due to reflections was measured prior to flight
as a function of incidence angle and is incorporated in
the data reduction described next.

3. Data reduction to current units

The measurement samples are sorted according to the
position of the Sun in the field of view. The visible light
contributions to the measurements are subtracted, and
the resulting current is then converted into solar irradi-
ance units.

Removal of the visible light contribution to the
measured current is accomplished by subtracting a
door-closed (i.e., window in front of the photodiode)
measurement from a door-open measurement in the
following way:

Cclosed-
- 1

C'SXR1 = Copen, -

The subscript i denotes channel, Csxr denotes counts
per integration period which are due to solar soft
X-rays, Copen denotes measured counts per integration
period when the door was open, and Cgeq denotes
measured counts per integration period when the door
was closed. These observations are made at identical
incidence angles so that the variation of the visible light
background with incidence angle is implicitly accounted
for. The transmission 7; of the window is determined for
each observation from the ratio of door-closed and
door-open measurements taken from the uncoated pho-
todiode (again at identical incidence angles) denoted
with a subscript u

po o 8
open,,

The factor f; is the preflight-measured factor that ac-

counts for light that reflected off the photodiode and

then reflected from the window back onto the diode

surface.

The remaining signal after subtracting the visible
light signal is then converted to current units, nanoam-
peres per m>, using the conversion factor measured prior
to launch and the known active area of the photodiode.
The resulting currents are due only to solar soft X-ray
irradiance.

4. Interpreting the measured currents to determine the
solar irradiance

The measurements are now converted into irradiance
units. In order to perform this conversion a solar refer-
ence spectrum and the sensitivity of the photodiode are
convolved and integrated to produce a reference current.
The ratio of the measured current to the reference cur-
rent is defined as the scaling factor for the reference
spectrum over the bandpass of the photodiode. The scal-
ing factor is calculated according to:

Isxr, IsxR,
SFi == - = - N0 (3)
Lre, ZjSi(}“.f)F(/L./)

where SF; is the scale factor for channel i, Isxg, is the
soft X-ray current measured by channel i, .. is the soft
X-ray current predicted by the reference spectrum, Sy(4))
is the sensitivity of channel i at wavelength j, and F(/)) is
the model irradiance at wavelength j. Note that the full
reference spectrum is used in calculating the reference
current. In order to calculate irradiance, the scaling fac-
tor is applied to the reference spectrum and the scaled
spectrum is integrated over the photodiode’s bandpass.
The photodiode bandpasses are described below. This
process is done for each photodiode individually. The
results are reported in energy units (mW m~?). Energy
units are optimal for the SXP results because a silicon
photodiode current is proportional to the impinging en-
ergy flux (1 e~ hole pair per 3.63 eV energy).

5. Reference spectrum

The reference spectrum used in previous analyses of
the SNOE data was produced by the empirical model
of Hinteregger et al. (1981) which is based on the
SC#21REFW solar minimum reference spectrum. The
Hinteregger model covered the range 1.8-102.7 nm
and takes the daily F10.7 and the 81-day average of
the daily F10.7 values as input parameters. The model
was run each day for the conditions appropriate to that
day. A limitation of this reference model is the lack of
any information below 1.8 nm. It was previously as-
sumed that irradiance below 1.8 nm produced a negligi-
ble current in the SXP channels. Recent physics based
modeling of solar irradiance by Warren et al. (2001)
have produced a new reference spectrum. This spectrum
extends below 2 nm and has been used in interpreting
observations by TIMED SEE (Woods et al., 2005). Note
that this spectrum was first used by Meier et al. (2002) in
order to study the effects on the Earth’s atmosphere of
the enhancement of the solar soft X-ray irradiance dur-
ing the flare of April 21, 2002. The spectrum we use here
is the pre-flare quiet time spectrum used in that study.

The SNOE channel sensitivities have been convolved
with this new spectrum. These convolutions are shown
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Fig. 2. Convolutions of the photodiode sensitivities with the reference solar spectrum. The convolutions are shown in 1-nm bins. For each bin the
fraction of the total signal produced from that wavelength bin in percent is plotted. The upper left panel shows the reference spectrum. The upper
right panel is for the Ti coated photodiode. The lower panes are for the Zr/Ti/C and Al/C coated photodiodes, respectively.

in Fig. 2. The photodiode sensitivities convolved with
the reference spectrum illustrate which wavelengths gen-
erate the bulk of the soft X-ray current generated by
each photodiode when viewing the Sun. It is these con-
volutions that are used to determine the bandpass of
each photometer channel. The convolutions are shown
in units of percent of total current in l1-nm intervals.
As an example of how to interpret the figure, for the
Ti-coated photodiode, Channel 1, 48% of the total sig-
nal comes from solar irradiance in the 1-2 nm interval,
while 90% of the signal from the 0—7 nm interval. Note
that while a very small amount of the current is pro-
duced at wavelengths longer than 7 nm, we declare the
photodiode bandpass as 0.1-7 nm. This is because for
longer wavelengths, significant changes in the solar spec-
trum produce negligible changes in the total measured
current, and therefore the measured current may not
be indicative of the brightness of the Sun at those wave-
lengths. Contributions outside the declared bandpass
are still considered.

In Channel 3, the Zr/Ti/C coated photodiode, the
primary bandpass is 6-19 nm. In the Al/C coated photo-
diode, the primary bandpass is 17-20 nm. Both of these
have significant components of their signals from wave-
lengths below 7 nm (see Table 1). These contributions
were ignored in previous analyses of SNOE observa-
tions. In order to compensate for this signal in these
two channels, Eq. (3) above is modified. The results of
using Eq. (3) for Channel 1 are used to calculate the cur-
rent at wavelengths shorter than the primary bandpass
in Channels 3 and 4. This signal can then be subtracted
off before the scaling factor of the reference spectrum at

the longer wavelength bandpass is calculated. Thus, for
Channels 3 and 4, Eq. (3) is modified to

Asxr, —Is

Isxr, — 1
SF, = SXR; — 15 (4)

Iref,- - Z/SI(JJ)F(/IJ) ,

where Ig is the current produced by wavelengths shorter
than the primary bandpass. This current is calculated
from the results of analysis of Channel 1 from

Is, = SF\(4)S;F(2)S:, (5)

where SF is the scaling factor determined from Channel
1 and S, is the sensitivity of Channel i. The sum in Eq.
(5) is taken over the shortest wavelengths outside the
primary bandpass of the channel. The sum in Eq. (4)
is taken over all longer wavelengths.

Uncertainties in the derived irradiances from the
above procedures are due to uncertainties in the calibra-
tions, errors of line ratios in the assumed solar spectrum,
and random errors in the measurements. The random
errors play a role four times as the soft X-ray current
is the result of a difference measurement (Eq. (1)) and
a ratio (Eq. (2)). The relative uncertainties in the calibra-
tions including measurements and the application of the
modeled sensitivity are ~10% (Bailey et al., 2000, 2001).
Errors in the line ratios of the assumed reference solar
spectrum are not easily quantified but are assumed to
be no larger than 15%. The largest source of error is
the component introduced in subtracting the visible light
background. The resulting uncertainty from this source
is quantified by examining the standard deviation about
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the mean current measurement from each observing
period. The standard deviation in the Ti-coated photo-
diode data (0.1-7 nm) is typically ~20% and for the
Zr/Ti/C and Al/C photodiode data (6-19 and 17-
20 nm) ~ 10% (Bailey et al., 2000, 2001). All of the
above uncertainties are 1-o values. The total root-
mean-square uncertainty is on average 27% for the Ti
measurements and 21% for the Zr/Ti/C and Al/C
photodiodes.

6. Results

The dates of observations for each channel are listed
in Table 1. Between September and November of 1999,
the gain in the electronics of Channels 3 and 4 began to
drift. Changes in gain can be quantified by comparing
visible light measurements (door closed) made at identi-
cal viewing angles. By 25 November 1999, Channel 3
settled into a stable gain and functioned fully until Octo-
ber of 2000. The gain in Channel 4 continued to drift.

300
osgf F10.7

200 ¢

10722 mW m~2 Hz™!

1999 2001 2003
Time
Fig. 3. Solar activity index for the time period of the SNOE

observations. The values shown are an equally weighted average of
the daily and the 81-day mean of the 10.7 cm solar irradiances.

The time dependent gain in this channel is likely recov-
erable through a careful comparison of daily visible light
measurements made before and after the gain began to
change. That analysis has not been completed at this
time. Channel 1 never suffered any changes in gain as
determined by analyzing visible light measurements
throughout the mission. After April 10 of 2001, the
SNOE orbit had deteriorated in such a way that it was
not always possible to make both solar and Earth obser-
vations. Channel 1 observations were made between
January 1 and March 16 of 2002 and then solar observa-
tions were not made again. These gain changes are
thought to be caused by energetic particles damaging
the detector electronics.

In order to put the SNOE observations in perspec-
tive, the solar F10.7 index for the time period of SNOE
observations is shown in Fig. 3. The F10.7 index is
known to correlate well with the solar soft X-ray irradi-
ance (Bailey et al., 2000 and references therein). For
such comparisons we use the average of the daily
F10.7 and the 81-day average of the F10.7 index. It is
this value that is plotted in Fig. 3. This index has shown
the best correlations with the SNOE observations and is
used in the remainder of this paper. Fig. 3 shows that the
solar cycle had an early peak in 2000 and a second larger
peak at the end of 2001 and beginning of 2002.

Fig. 4 shows the SNOE irradiance results derived
from the observations described above and interpreted
using the procedure outlined earlier. The irradiances
are appropriate to the energy ranges listed in Table 1
and in the figure. As in Fig. 3, the general features of
the rise to solar maximum and the 27 day solar rotation
variability are seen in the data. The SNOE Channel 1
observations show the early peak very well and capture
the end and decline of the later peak. A statistical esti-
mate of the 27-day variability is obtained by taking
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Fig. 4. Daily soft X-ray irradiance measurements for the full SNOE mission.
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twice the standard deviation of the ratio of the daily
irradiance to the 81 day average of the irradiance. The
determined 27-day variability of the 0.1-7 nm irradiance
is then approximately 44%. For the 6—19 nm irradiance,
the 27-day variability is 28%, and by 17-20 nm the 27-
day variability is reduced to approximately 14%.

Fig. 5 shows the SNOE irradiances as a function of
F10.7. SNOE made observations in the range of F10.7
levels about 95-230. In the case of the 17-20 nm chan-
nel, the highest values of F10.7 are about 200. SNOE
observed the 0.1-7 nm irradiance vary between 0.3 to
values as high as 2.0 mW m 2. The present results agree
to within 10% of the results presented by Bailey et al.

(2000, 2001) over the period of overlap. The new refer-
ence spectrum adjusts how the irradiance is distributed
within the 0.1-7 nm bandpass, but cannot affect the to-
tal energy contained within it. The new results for the 6—
19 nm irradiance show it to vary from about 0.5 to 2.2
mW m 2 and the 17-20 nm irradiance from about 0.5
to 1.5 mW m 2. These results are both about 50% lower
than the results presented by Bailey et al. (2000, 2001) in
the time period of overlap. This change is due to the
realization from the new reference spectrum described
earlier that a significant amount of the observed photo-
diode current is produced by short wavelength irradi-
ance outside the primary bandpass.
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Fig. 5. Observed irradiances as a function of F10.7 in each of the three SNOE bands. Plus symbols are the SNOE observations. Small dots are SEE
observations. The dashed line is the result of a linear fit of SNOE observations to F10.7 index. The solid line is the EUVAC prediction of the solar
irradiance in the same wavelength intervals. In both the figures and the fits, the F10.7 index used is the average of the daily and 81-day running mean

values.
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Table 2
Linear fit parameters to SNOE irradiances

Wavelength (nm) Intercept Slope Value at F10.7 =70 Value at F10.7 =230 Ratio 27-day Var. (%)
0.1-7 —0.46 0.0086 0.14 1.52 10.9 44
6-19 —0.50 0.0126 0.38 2.40 6.2 28
17-20 —0.25 0.0089 0.37 1.80 49 14

In Fig. 5, linear fits are drawn through the SNOE
data. The observations are well represented by linear fits
with correlation coefficients on the order of 0.8 in all
three bands. The scatter is larger at the larger solar
activities and there is a hint of curvature at the low levels
of solar activity. The fit parameters are listed in Table 2.
These fits can be used to estimate the solar minimum
and solar maximum values of the soft X-ray irradiance
in the three bands. These are also listed in Table 2.
Approximating solar minimum by F10.7 = 70 and solar
maximum by F10.7 = 230, we see that the 0.1-7 nm irra-
diance ranges from 0.14 to 1.52mW m 2 for a solar
cycle variability of a factor of 10.9. The 6-19 nm irradi-
ance ranges from 0.38 to 2.40 mW m > for a variation of
a factor of 6.2, and the 17-20 nm irradiance ranges from
0.37 to 1.8 mW m ™2 for a variation of a factor of 4.9.

7. Comparison to observations by SEE and the EUVAC
empirical model

As mentioned earlier, the SNOE observations are
made with a technique identical to that employed by
the SEE instrument on the TIMED spacecraft. SEE be-
gan observing in January 2002 and observations con-
tinue to the present. SEE has made measurements at
similar levels of solar activity as SNOE. The V7 SEE
data are plotted with the SNOE data as a function of
F10.7 in Fig. 5. While the variability appears to be
similar, the magnitudes are clearly different. The SEE
data are lower than the SNOE data by approximately
a factor of two.

To quantify the differences between SNOE and SEE,
we examine the mean values from each instrument as a

function of solar activity. These are obtained by taking
all points in a range of F10.7 at a specified value plus
and minus 10. These mean values are listed in Table 3.
In the 0.1-7 nm range, SNOE is larger than SEE by a
factor of 2.0 £ 0.3. There is no clear trend in the ratios
and this is true for each of the bands. In the 6-19 nm
range, SNOE is larger than SEE by a factor of
1.3 £0.2, and in the 17-20 nm range, SNOE is larger
than SEE by a factor of 1.6 + 0.2.

Bailey et al. (2000, 2001) concluded that the SNOE
observations were in approximate agreement with
sounding rocket underflights of the SEE prototype
instrument. By inference then it would be reasonable
to conclude that SNOE should be in agreement with
SEE observations. Since the work of Bailey et al
(2000, 2001), lab testing of the spare photodiodes from
the SEE program have been recalibrated at the SURF
III facility at NIST. Unlike the SNOE calibrations, these
new calibrations were performed with a different beam-
line and viewed the synchrotron directly as opposed to
through a monochrometer and compared to a reference
detector. Woods et al. (2005) describe these calibrations
and the technique used to determine the photometer
responsitivity between 1 and 40 nm, being at shorter
wavelengths than the SNOE SURF I calibrations down
to 5 nm. These new SEE calibrations resulted in changes
in the photodiode sensitivities at short wavelengths on
the order of a factor of 2 and are included in the SEE
observations presented here. Although the uncertainties
from both experiments are on the order of 20-30%,
which can nearly explain the difference, we conclude that
it is the changes in the SEE calibration that are the
primary driver of the differences described above.
Both programs use the same reference spectrum for

Table 3
Comparison of SNOE and SEE irradiances
F10.7 0.1-7 nm 6-19 nm 17-20 nm

SNOE SEE Ratio SNOE SEE Ratio SNOE SEE Ratio
100 0.42 0.16 2.60 0.65 0.66 0.98 0.67 0.45 1.50
120 0.59 0.27 2.17 0.99 0.86 1.16 0.82 0.55 1.48
140 0.79 0.40 1.97 1.33 1.04 1.28 1.00 0.65 1.54
160 0.89 0.50 1.77 1.62 1.17 1.38 1.18 0.71 1.66
180 1.04 0.57 1.81 1.83 1.28 1.44 1.36 0.75 1.81
200 1.24 0.70 1.77 1.88 1.44 1.31 1.42 0.84 1.70
220 1.52 0.67 2.28 2.01 1.42 1.42
Mean 2.0 1.3 1.6
Std. dev. 0.3 0.2 0.2
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interpreting the data and so it is not possible that the
reference spectrum leads to the discrepancies. Spare
photodiodes from the SNOE program exist and may
be recalibrated at SURF III in the future. Until that
happens, the discrepancies between SNOE and SEE will
remain.

An alternative method of comparing SNOE and SEE
observations is to compare their differing predictions in
separate studies on the effects of the solar irradiance on
the atmosphere. Example possibilities include the mod-
eling of photoelectron fluxes escaping from the atmo-
sphere as described by Woods et al. (2003), other
ionospheric parameters as described by Solomon et al.
(2001), or even planetary ionospheres as described by
Fox (2004).

It is also useful to compare the two datasets to exist-
ing empirical models of the solar soft X-ray irradiance.
The EUVAC empirical model (Richards et al., 1994) is
such a model and has been used in several aeronomical
studies. The EUVAC model predicts irradiance as a
function of F10.7 in the wavelength range 5-102 nm.
Thus comparisons are not possible in the 0.1-7 nm
band. In this comparison, a new version of the model
(Richards, 2005, private communication) which predicts
irradiance in selectable wavelength bins (0.1 nm in this
case) is used. Other than the binning format there are
no significant changes to the model.

In the two longer wavelength bands, Bailey et al.
(2000, 2001) found reasonable agreement with EUVAC.
In the present analysis assuming the NRLEUV spec-
trum and the improved short wavelength sensitivity,
the agreement has improved. As shown in Fig. 5, the
EUVAC prediction overlaps the SNOE observations.
The slope is slightly different in the 6-19 nm channel,
but the agreement is excellent in the 17-20 nm band.
In contrast the results from SEE observations, Mars
ionosphere analysis (Fox, 2004), and NRLEUV model
predictions (Lean et al., 2003) suggest lower irradiance
values.

Further effort in understanding the difference be-
tween SNOE and SEE is required. The calibrations of
the two sets of photodiodes should be compared and if
possible, the spare photodiodes should undergo identi-
cal calibrations. Further modeling studies as mentioned
above should also take place. Spectral measurements of
the solar soft X-ray irradiance may help understand the
discrepancies in the broadband measurements and
would greatly improve our interpretation of those
observations.

8. Conclusions
We have provided a time series of solar soft X-ray

irradiance measurements in the 0.1-7, 6-19 , and 17—
20 nm bands. The observations are made using an

instrument consisting of a set of photodiodes with thin
film filters deposited directly on their surfaces. Analysis
of these bands shows 27-day rotation variability ranging
from 44% at the shortest wavelengths to 14% at the lon-
gest wavelengths. The observed solar cycle variability
ranges from factors of 11 at the short wavelengths to 5
at the longest wavelengths. The irradiances are seen to
vary nearly linearly with F10.7 as an indicator of solar
activity. Observations were made over the range of
F10.7 of 95-230. The SNOE observations show similar
variability to similar observations by TIMED SEE,
but with a magnitude a factor of 1.3-2 larger. This dis-
crepancy is attributed to revisions in the SEE calibra-
tions using spare photodiodes calibrated at the new
SURF III facility after the launch of SEE and trans-
ferred to the SEE flight photometers using the solar
observations from an underflight rocket experiment.
Similar calibrations with spare SNOE photodiodes
may be possible. The SNOE data are shown to be in
excellent agreement with the EUVAC empirical model
of solar irradiance.
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