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Abstract We present an empirical determination of background levels of 30.4 nm extreme ultraviolet
(EUV) radiation. A survey of 6 months of data from the IMAGE EUV imager indicates a relatively low
quiescent background level. The most probable quiescent background count rate is 2.7 per pixel, per 600 s
EUV image, equivalent to a brightness of approximately 27 mR. This quiescent background rate is ≈10 times
larger than the detector dark rate, indicating that quiescent background levels are dominated by external
light sources or penetrating particles. We hypothesize two light sources of quiescent background in the
interplanetary or interstellar medium. The first is 30.4 nm light from nonplasmaspheric He+. The second is
58.4 nm light (from neutral He) that gets past the filter/mirror. The IMAGE EUV data also exhibit episodic,
factor of 3-to-30 increases above the quiescent background rate, throughout the 6 month data set
considered herein. Comparison of these elevated background levels with solar EUV and solar wind
parameters indicates several contributing causes during active periods, including solar wind energetic
(50 keV to 5 MeV) particles, solar wind density/pressure, and solar 30.4 nm flux.

Plain Language Summary In this paper we study how much background noise is found in images
from the Extreme Ultraviolet (or EUV) imager. This imager flew on a NASA mission called IMAGE from 2000
to 2005. Determination of the EUV background level lets researchers make the most of the archival data set
and also helps plan future missions with improved EUV imagers.

1. Extreme Ultraviolet Imaging at 30.4 nm

The extreme ultraviolet (EUV) imager on the Imager for Magnetopause-to-Aurora Global Exploration (IMAGE)
mission was designed to measure the global dynamics of the Earth’s plasmasphere, by imaging the 30.4 nm
light resonantly scattered by He+ ions [Sandel et al., 2000]. Prior to IMAGE EUV, multiple observations had
validated the 30.4 nm imaging technique [Meier and Weller, 1974; Chakrabarti et al., 1982; Meier et al., 1998].
During the 5.8 year duration of the IMAGE mission (from March 2000 to December 2005) the global He+ distri-
butions obtained by EUV fostered numerous major advances in understanding plasmaspheric structure and
dynamics [Sandel et al., 2001; Burch, 2003; Sandel et al., 2003; Goldstein, 2006].

The appeal of 30.4 nm imaging arises from the fact that He+ is a significant constituent of the plasmasphere
(composing roughly 20% of the ions), whose EUV glow is spectrally isolated from bright contaminating emis-
sions such as Lyman 𝛼 (121.6 nm) from exospheric H+ and the 58.4 nm line from neutral He [Sandel et al.,
2000]. The IMAGE EUV cameras used a front end Al filter to block 121.6 nm (transmission <1 × 10−4) and
reduce 58.4 nm (transmission<18%), plus a multilayer mirror whose reflectivity at 58.4 nm was ≤0.75%. With
these contaminating emissions thus attenuated, prior to IMAGE’s launch it was expected that during quiescent
operation the EUV background would be negligible [Sandel et al., 2000].

Published studies contain limited information about the 30.4 nm background radiation field, mostly from
the Extreme Ultraviolet Explorer (EUVE) mission and models, as follows. Jelinsky et al. [1995] analyzed EUVE
data in the ecliptic longitude (l) range [24∘, 44∘] and latitude (u) range [−74∘, −28∘], to find a 30.4 nm inten-
sity of 29 mR. They speculated that their observed 30.4 nm intensity was likely dominated by emissions
from the plasmasphere, with a major contribution from neutral He (see below). Vallerga [1998] used EUVE
data to estimate stellar 30.4 nm background at 1.1 cm−2 s−1 Å−1, equivalent to 0.001 mR, within the range
l = [0.13∘, 23.57∘]. Four major sources of 30.4 nm background were modeled by Gruntman [2001] (cf. Figure 4a).
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Figure 1. IMAGE orbit and viewing geometry with respect to the heliosheath. (a) Schematic of IMAGE orbit and EUV
longitudinal field of view (FOV) during first 6 months of 2001. The three EUV sensors cover ecliptic longitude range
l = 180∘ ± 45∘ in 30∘ steps. Interstellar upwind direction is 252∘. (b) Model of heliosheath density showing density peak
offset 11∘ from upwind direction, adapted from Zank et al. [2013]. (c) Density (versus l) extracted from Zank et al.
[2013], and cosine fit used in section 4.

The first is the “Local Bubble” interstellar plasma emission, at 5.7 mR. The second is the local interstellar
medium (LISM) glow at or outside the heliopause, which varies spatially from its 10.8 mR peak near the
interstellar upwind (l = 252∘, u = 5∘) direction to negligible in the downwind direction (l = 72∘, u = −5∘);
cf. Figures 1b, 1c, and 4b. The third is the glow from solar wind (SW) pickup He+ ions, at 2.7 mR. The fourth
is the emission from SW alpha particles that undergo charge exchange, also 2.7 mR. Thus, the modeled total
30.4 nm background falls in the range 11.1 mR (looking downwind) to 21.9 mR (upwind). These background
signals are considerably weaker than the target minimum brightness (100 mR) of the IMAGE plasmaspheric
EUV camera [Sandel et al., 2000].

The 58.4 nm light from neutral He must also be considered when attempting to measure 30.4 nm background.
Because its peak is 2 to 3 orders of magnitude brighter than that at 30.4 nm, the 58.4 emission can leak past the
imager’s filtering to create a measurable count rate. For example, the 30.4 nm background intensity of Jelinsky
et al. [1995] included an unseparated continuum background (approximately 34% of the signal at 30.4 nm,
or ≈10 mR), most likely from zero-order scattering of the strong (1.3 R as measured by EUVE) 58.4 nm line.
The IMAGE EUV imager design blocks all but 0.016% of incoming 58.4 nm light via its front end filter (<18%),
multilayer mirror (0.75%), and detector efficiency (12% at 58.4 nm). Each 1 R of 58.4 nm light is equivalent
to an effective brightness of ≈16 mR (cf. section 4.2). Far from the Earth limb (above a few RE) the 58.4 nm
background is spatially nonuniform: in the vicinity of the ecliptic plane (u ± 5∘) the brightness falls from a peak
of about 8 R in the downwind direction (cf. Figure 4c) to a minimum of about 2–3 R in the upwind direction
[Lallement et al., 2004; Vallerga et al., 2004]. An additional factor-of-2 reduction occurs with increasing latitude
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(i.e., outside the near-ecliptic region) (cf. Figure 4d and Vallerga et al. [2004]). Thus, 58.4 nm contamination
is expected to be measured by IMAGE EUV as a count rate equivalent to 16 to 128 mR, depending on look
direction (cf. sections 2 and 4).

The actual IMAGE EUV images do indeed exhibit very low quiescent background levels compared to the plas-
maspheric glow [e.g., Sandel et al., 2001; Burch et al., 2001; Goldstein et al., 2002]. However, multiple event
studies have noted episodic increases well above the quiescent background level [e.g., Baker et al., 2004;
Goldstein and Sandel, 2005]. Thus far, consideration of the IMAGE EUV background—both quiescent and
elevated—has been qualitative. Quantifying the diffuse EUV background is important to maximize the sci-
ence return of the existing archival IMAGE EUV data set and pave the way for future improvements. First, the
diffuse EUV background provides essential quantitative constraints on models of interplanetary and inter-
stellar plasma and neutral gas [Paresce and Stern, 1981; Gruntman, 1992; Jelinsky et al., 1995; Gruntman, 2001].
Second, empirical characterization of the EUV background contributes to improved understanding of imager
performance and may facilitate improvements in future plasmaspheric imager designs. Third, realistic infor-
mation about background rates is necessary to enable the development of 30.4 nm EUV imagers capable
of measuring the much weaker (compared to the plasmasphere) signal from the dayside magnetosheath, as
suggested by He et al. [2015].

In this paper we present the first empirical determination of background levels of the IMAGE 30.4 nm EUV
imager. We perform a survey of 6 months of IMAGE EUV data and find that the most probable quiescent
background rate is 2.7 counts per 600 s per pixel, equivalent to 27 mR. This background is approximately 10
times the detector dark rate, indicating that quiescent background levels are dominated by external sources,
i.e., light sources in the interplanetary or interstellar medium, or particles penetrating the instrument. We
find episodic, factor of 3-to-30 increases above the quiescent background rate and identify several con-
tributing causes during active periods, including solar wind energetic (50 keV to 5 MeV) particles, solar wind
density/pressure, and solar 30.4 nm flux.

Section 2 describes the method for background estimation. Section 3 surveys a 6 month period of EUV back-
ground data to characterize the quiescent and elevated EUV backgrounds. Section 4 investigates sources
of quiescent (low) background levels. Section 5 investigates the cause of elevated background episodes.
Section 6 concludes with a brief summary. Appendix A presents the distribution and probability density of
the observed noise. Appendix B estimates errors for the ad hoc models of section 4.

2. Background Estimation Method
2.1. IMAGE EUV Operation
IMAGE was a NASA Medium-Class Explorers (MIDEX) mission launched on 25 March 2000 into a 14.2 h elliptical
polar orbit (apogee 8.2 RE geocentric distance). During the first 6 months of year 2001, Earth revolved from
l = 99.9∘ to l = 278.9∘ (cf. Figure 1a. With IMAGE’s orbit (maroon curve) fixed in inertial space, the apogee
migrated from the dusk side to the dawn side. IMAGE apogee was at an average magnetic latitude of 66∘ and
an average ecliptic (geocentric solar equatorial (GSE)) latitude of 60∘.

The EUV imager consisted of three sensors, each having a circular field of view of approximately 30∘, for a
total instantaneous field of view (FOV) of 30∘ × 86∘ (including a ∼2∘ overlap between adjacent sensors). EUV
pointed radially outward on the spinning IMAGE spacecraft such that every 2 min (spin period of IMAGE) the
imager swept out a 360∘ × 86∘ swath of the sky.

Because each of two major sources of background (30.4 nm and 58.4 nm) has a peak near the interstellar
upwind or downwind directions, it is necessary to consider the ecliptic longitude ranges sampled by the
three EUV sensors. As illustrated schematically in Figure 1a, the 90∘ inclined IMAGE orbit plane (maroon
curve)—also the spacecraft spin plane—was nearly aligned with the vernal equinox. When pointed in
the half of the sky containing the autumnal equinox, the three sensors cover the ecliptic longitude range
l = 180∘ ± 45∘ in 30∘ steps: [l1, l2, l3] = [210∘, 180∘, 150∘] ± 15∘, as shown by the red, green, and blue shaded
regions of Figure 1a. From IMAGE EUV’s mean apogee latitude of 60∘ (GSE), the nadir direction corresponds
to −60∘ ecliptic latitude.

With this viewing geometry, the imager’s FOV pointed 27∘ to 117∘ in longitude away from the upwind
direction and 63∘ to 153∘ away from the downwind direction.
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Figure 2. IMAGE EUV full-frame images from 18 June 2001, versus spin phase (ecliptic latitude) and elevation angle
(longitude). White/yellow circles are Earth limb and 5 Earth radii (RE ). Light blue curve is magnetopause model.
Numbered boxes (centered at 90∘ spin) are background sample regions for each sensor (see text). (a) Elevated
background image. (b) Quiescent background image.

2.2. EUV Image Analysis
Full-frame (i.e., full-spin), 10 min images were produced on board via integration of five spins’ worth of pho-
ton counts. Figure 2 shows two examples of these full-frame images, from different times on 18 June 2001
(day 169). The horizontal plot axis shows spin phase relative to the nadir (Earth center) and corresponding
6 month-averaged ecliptic latitude (u). The vertical axis shows elevation angle (i.e., normal to the spin direc-
tion) and ecliptic longitude for the autumnal-equinoctial half of the sky. The vertical axis of the plot is also
aligned with the spin axis. (The spin axis points up in the figure.) The horizontal strips are the fields of view
of the three sensors. The white circle is the Earth limb, with the Sun direction indicated. The yellow curve
is a 5 RE circle in the magnetic equatorial (SM coordinate) plane. The light blue curve shows the equatorial
magnetopause, computed via the model of Shue et al. [1997] using the OMNI solar wind pressure (PSW) and
interplanetary magnetic field (BZ,IMF) values listed in the lower right corner beneath each image. The color bar
of each image indicates log10 30.4 nm EUV counts in each pixel.

The two images illustrate the effect of episodic increases in background levels. Both images contain the effects
of sunlight proximity, for large negative spin phase angle (i.e., the right half of each image). When the imager
FOV was near the Sun, the EUV instrument reduced its microchannel plate (MCP) detector voltage, resulting
in regions of zero counts (pale grey). However, at positive spin phase angle (left half of each image), there
are very different background rates. In Figure 2b, at ≈90∘ spin phase (or u = 30∘), the imager observed low
count rates (speckled grey and dark green color, ≈3 counts during the 600 s integration time). This low back-
ground rate means that the plasmaspheric emission (mostly inside the 5 RE circle) is clearly visible. In contrast,
Figure 2a has 3 to 8 times higher background rates (9 to 25 counts) at 90∘ spin phase. Background levels
are even higher at smaller-magnitude spin phase angles, obscuring the plasmaspheric emission. As reported
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by Goldstein and Sandel [2005], this particular episode of high background counts added significant uncer-
tainty to the timing of the onset of a plasmaspheric erosion event on 18 June 2001.

To estimate the EUV background level for this study, we selected regions of the full-frame images far from the
Earth in spin phase and avoiding sunlight proximity in one or more of the three sensors. Thus, for each of the
three individual EUV sensors, a 32 × 32 pixel2 region was selected 90∘ from the Earth nadir (i.e., at spin phase
of 90∘ ), as shown by the trio of yellow boxes in each image (numbered 1 through 3). These yellow boxes span
the ecliptic latitude range 30∘ ± 10.2∘ and longitudes [l1, l2, l3] = [210∘, 180∘, 150∘] ±10.2∘. Below each image,
the text specifies the location, extent, and mean signal (in counts) of the selected regions for the three sensors.

This procedure was performed for all three EUV sensors, for 6 months of data spanning 1 January through 30
June 2001. We obtained 15,614 values of 30.4 nm EUV background counts per 10 min (600 s). The count rates
(C) were converted to equivalent brightness (b) values as [Sandel et al., 2000]

b[mR] = 4𝜋
103

12
A30.4 𝜔ΔT

C[per ΔT]. (1)

In this equation, A30.4 is the effective area (at 30.4 nm) of each sensor (0.22 cm2), computed as the product of
aperture area (22 cm2), filter transmission (0.33), mirror reflectivity (0.22), and detector efficiency (0.14). The
quantity 𝜔 is the solid angle of each 0.6∘ pixel, ΔT = 600 s is the integration time per image, and the factor
4𝜋×10−3 converts photon flux (cm−2 s−1 sr−1) to millirayleighs (mR). Note that ΔT is the elapsed time (start to
finish) over which counts are integrated. Because of the satellite spin, there is not a 600 s integration on each
part of the sky. The factor of 12 in equation (1) accounts for the reduced duty cycle from the satellite spin.
With these values, the equation is b = 10.25C; i.e., the count rate (per 600 s) and brightness (in mR) differ by
a factor of ≈10.

The results are presented in the following sections.

3. Survey: 01 January to 30 June 2001

Figure 3 shows EUV background levels for the 6 month period 1 January (day 1) through 30 June (day 181)
of 2001, along with key parameters from the solar wind and Sun. The BZ,IMF, VSW, and NSW data are Space
Physics Data Facility (SPDF)/OMNI values based on upstream measurements by the Advanced Composition
Explorer (ACE) [Stone et al., 1998] and Wind [Ogilvie et al., 1995; Lepping et al., 1995]. All OMNI data have been
time-shifted to account for propagation to the Earth. The solar energetic particle (SEP) data are from the
Electron, Proton, and Alpha Monitor (EPAM) on ACE [Gold et al., 1998]. ACE SEP data were also time-shifted
to account for downstream propagation. The solar 30.4 nm photon flux was measured by the Charge,
Element and Isotope Analysis System (CELIAS) on board the Solar and Heliospheric Observatory (SOHO) mis-
sion [Hovestadt et al., 1995]. SOHO CELIAS data were acquired near the Earth-Sun L1 point, approximately
5 light seconds away. We performed all SOHO analysis (see below) twice, both with and without a 5 s
propagation delay, and obtained identical results.

Figures 3f–3h are background-versus-time 2-D (bivariate) histograms for the three EUV sensors. The>15,000
values at 10 min resolution (cf. section 2) were collected into 362 time bins (each 12 h wide) and 151 loga-
rithmically spaced bins spanning 0.5–500 mR. The color indicates number of data points per bin. The left axis
shows brightness (in mR); the right axis shows counts per 600 s (i.e., per image).

The most populated histogram bins (i.e., along the line traced out by the red pixels) generally occur at a few
tens of millirayleighs, but there are multiple intervals of significantly elevated background levels. We interpret
this profile as indicative of low quiescent background levels, interrupted by episodes of higher backgrounds.

In Figure 3i the most populated bins have been extracted from the histograms of the three EUV sensors. The
grey-shaded regions are intervals of elevated background, manually identified.

Thus, the nonshaded regions show the peak quiescent background levels versus time. The mean value of these
extracted peaks is 30 mR (as labeled in the plot). Using the probability density function (PDF) (cf. Appendix A),
the most probable quiescent background count rate is 2.7 per pixel, per 600 s EUV image, equivalent to a
brightness of approximately 27 mR. The mean quiescent background level is 3.2 (600 s pixel)−1 or 33 mR. The
median is 3.1 (600 s pixel)−1 or 31 mR. As discussed in Appendix A, the per-sensor quiescent distribution is
well represented by a Gaussian, plus an exponential tail likely caused by weak contamination by nonquiescent
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Figure 3. Survey of IMAGE EUV backgrounds, 1 January through 30 June 2001, and key parameters from the solar wind
[Stone et al., 1998; Ogilvie et al., 1995; Lepping et al., 1995; Gold et al., 1998] and Sun [Hovestadt et al., 1995]. OMNI
(ACE/Wind) (a) BZ,IMF, (b) VSW, and (c) NSW; (d) ACE solar energetic particles (SEP), (e) SOHO solar 30.4 nm photons (F30.4),
(f ) EUV sensor 1 histogram, (g) sensor 2 histogram, and (h) sensor 3 histogram. (i) Rates for all three sensors. Most
probable quiescent background is 2.7 counts per 600 s, or 27 mR.

light sources. The presence of this contamination tail shifts the mean and median as much as ∼20% from the
peak location, so that the mode (peak, or most probable value) is the best summary measure of the quiescent
background.

We take the extracted peak values in the grey-shaded regions of Figure 3i as representative of the ele-
vated background. The average of these elevated background peaks is 7.4 (600 s pixel)−1 or about 76 mR.
The maximum is 85 (600 s pixel)−1 or 870 mR. Thus, the elevated levels are an average of 3 (and as
much as 30) times higher than the quiescent background. By inspection, elevated background levels are
possibly associated with changes in solar wind or solar flux. For example, during days 86–109, the consis-
tently high (40–1000 mR), strongly fluctuating background (Figure 3i) coincided with intervals of similarly
high/fluctuating VSW (Figure 3b) and SEPs (Figure 3d). Solar flux was also generally higher (Figure 3e).

Sources of quiescent backgrounds are investigated in section 4. Elevated background intervals are investi-
gated further in section 5.
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4. Sources of Quiescent Background

The quiescent background rate is approximately 10 times larger than the detector dark count rate, i.e., the rate
of counts from both radioactive decay within the microchannel plate (MCP) detector and from the radioac-
tivity of the multilayer mirror coating used by EUV. Sandel et al. [2000] estimated the dark count rate of EUV’s
detectors at RD = 1 count cm−2 s−1. The corresponding per-pixel dark rate is

D[per ΔT] =
Adetector

12

(
0.6∘
30∘

)2

RDΔT , (2)

where Adetector = 13 cm2 is the detector area, 30∘/0.6∘ (the FOV divided by the pixel size) gives the num-
ber of pixels per dimension, ΔT = 600 s is the image integration time, and the factor of 12 accounts for
spacecraft-spin duty cycle. The per-pixel dark rate is 0.27 counts per 600 s or 2.8 mR.

The quiescent background rate of 27 mR must therefore be dominated by sources external to the imager,
i.e., light sources or penetrating particles. Particles are discussed in section 5. Two light sources from the inter-
planetary medium (IPM) or interstellar medium (ISM) can contribute to the observed quiescent background.
The first is 30.4 nm light resonantly scattered by nonplasmaspheric He+. The second is 58.4 nm light from
neutral He. These are next discussed in turn, each aided by the construction of an ad hoc, order-of-magnitude
model estimate. Errors in these ad hoc models are discussed in Appendix B.

We hypothesize two light sources of quiescent background in the interplanetary or interstellar medium. The
first is nonplasmaspheric 30.4 nm light (from He+). The second is 58.4 nm light (from neutral He) that gets past
the filter/mirror.

4.1. Model: 30.4 nm Background From He+

To estimate the quiescent 30.4 nm background, we use the model line spectrum of Gruntman [2001], shown
in Figure 4a. There are four major components (local bubble, LISM, SW pickup ions, and SW charge exchange),
each producing measurable intensities at multiple wavelengths. The integrated signal for each component is
given in the legend at the top right of the plot.
4.1.1. Local Bubble
The local bubble is the ∼50 pc radius cavity in the ISM containing the solar system [Cox and Reynolds, 1987;
Lallement et al., 2003]. It is filled with a relatively rarified gas compared to the surrounding ISM. The local bubble
signal (5.7 mR; Figure 4a) is assumed to be constant in space and time.
4.1.2. LISM Model
The LISM signal (10.8 mR) should peak near the interstellar upwind direction. From Gruntman [2001, and refer-
ences therein], the LISM emission is inversely proportional to the heliopause distance rH. For a rough estimate
of rH, we adapt the boundary function of Shue et al. [1997]:

rH = 160AU

(
2

1 + cos [l − 252∘]

)1.1

. (3)

This heliopause curve is plotted in Figure 1b over the heliosheath density model of Zank et al. [2013]. The
30.4 nm brightness of LISM is also proportional to the line-of-sight-integrated He+ number density. To obtain
the LISM line spectra of Figure 4a, Gruntman [2001] assumed uniform density. The actual density peaks 11∘

away from the upwind direction (i.e., l0 = 263∘) and decreases with longitude away from the peak [Fuselier
and Cairns, 2013]. In Figure 1c the longitudinal dependence of hydrogen density is modeled as

nH = cm−3
(

0.3 + 0.04 cos [l − l0]
)
, (4)

which agrees with values extracted from the heliosheath density of Zank et al. [2013] in Figure 1b. The He+

density is proportional to this function nH. However, we only need a normalized (peak at unity) function to
modulate the LISM peak source calculated by Gruntman [2001]. Therefore, we combined the heliopause dis-
tance and density dependences to obtain the normalized spatial variation∝ r−1

H nH. This ad hoc function varies
in longitude as cos2.1 l (cf. equations (3) and (4)). The normalized function was then multiplied by 10.8 mR to
obtain the curve plotted in Figure 4b. The red, green, and blue shaded regions indicate the respective longi-
tudes sampled by EUV sensors 1, 2, and 3. The mean per-sensor values of estimated 30.4 nm LISM background
are [8.8, 6.1, 3.2] mR.
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Figure 4. Model of contributions to quiescent IMAGE EUV background based on Gruntman [2001], Zank et al. [2013],
and Vallerga et al. [2004]. (a) Line spectra of four components of near 30.4 nm light; (b) longitude (l) dependence
of 30.4 nm LISM from published model and per-EUV-sensor estimate (cf. text); (c) EUVE-observed 58.4 nm light
versus l (black), with latitudinal correction (purple); (d) normalized 58.4 nm versus latitude, with EUV field of view
(lavender); (e) model 30.4 nm background, by component and total (cf. text); and (f ) IMAGE EUV quiescent background
per sensor (dots) and model (lines).

4.1.3. Solar Wind
The solar wind pickup ion (2.7 mR) and charge exchange (2.7 mR) integrated signals are equal and propor-
tional to the SW total number density. Gruntman [2001] assumed a constant value of NSW = 6.5 cm−3 to
compute the line spectra of Figure 4a. To account for solar wind density variations, we modeled the total solar
wind signal as

SW signal = 5.4 mR
(

NSW

6.5 cm−3

)
, (5)
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where NSW is estimated as a 7 day running average of the OMNI solar wind density of Figure 3c. Gruntman
[2001] calculated line spectra using line-of-sight integration and assuming a uniform (and constant) density
(6.5 cm−3). Our model also assumes a uniform density, but that density varies in time.
4.1.4. Total 30.4 nm Background
Figure 4e plots the per-component models (derived above) and the total 30.4 nm background. The LISM signal
(yellow) is modeled with three constant (in time) curves, one for each EUV sensor to capture the longitudinal
dependence. The local bubble signal (black) is constant. The SW signal (dashed maroon-blue) varies with the
time-dependent NSW. The total 30.4 nm signal (red, green, and blue traces) thus varies with time and by EUV
sensor.

4.2. Model: 58.4 nm Background From Neutral He
As discussed in section 1, the IMAGE EUV design transmits 0.016% of 58.4 nm light, leading to a finite effective
background from this source. Based on equation (1) which converts counts to 30.4 nm brightness, the total
signal including both primary 30.4 nm and leaked 58.4 nm is

bTOT = b30.4 + b58.4

A58.4

A30.4
, (6)

where A30.4 = 0.22 cm2 and A58.4 = 0.0036 cm2 are the wavelength-dependent effective areas of each sensor,
computed as transmission times aperture area. The ratio A58.4∕A30.4 is equal to 0.016, i.e., by equation (6), each
1 R of 58.4 nm light is equivalent to an effective brightness of ≈16 mR.

To estimate the 58.4 nm contribution to the IMAGE EUV quiescent background, we use published EUVE data.
Figure 4c shows measured 58.4 nm brightness versus ecliptic longitude (l), from Figure 2 of Vallerga et al.
[2004]. The black dots in Figure 4c are the data; the grey curve is a 14-term Fourier expansion. The 58.4 nm
light peaks at about 8 R near the downwind (l = 252∘) direction but is about a factor of 4 weaker in the
longitude range of the three EUV sensors (red, green, and blue shaded regions). We also apply a latitudi-
nal correction. As shown in Figure 4d [from Vallerga et al., 2004, Figure 7], the normalized brightness peaks
close to the ecliptic plane, which in the plot is represented by polar angles close to 90∘. From Figure 2, IMAGE
EUV background sample boxes span the ecliptic latitude range 30∘ ± 10.2∘, shown as the lavender-shaded
range of polar angle in Figure 4d. The mean latitudinal correction of 0.55 was multiplied by the longitudinal
dependence to obtain the purple curve in Figure 4c. From this curve, the three EUV sensors were exposed
to respective unfiltered 58.4 nm light of [1.1, 1.4, 1.1] R, corresponding to IMAGE EUV effective brightnesses
of [17, 23, 18] mR.

This ad hoc model provides a crude, order-of-magnitude estimate (cf. Appendix B). It does not account for
seasonal variation caused by the motion of the Earth through the inhomogeneous distribution of neutral He,
as it travels around its orbit. In future work we plan to quantify this seasonal variation via EUV models used
by the Lunar Reconnaissance Orbiter (LRO) mission [Chin et al., 2007; Gladstone et al., 2010; Pryor et al., 2013].
Based on the limited data-model agreement (section 4.3), we assert that the crude estimate enabled by the
published EUVE data is sufficient to establish the credibility of 58.4 nm as an important contributor to the
IMAGE EUV background.

4.3. Model: Total Background (30.4 and 58.4 nm)
The total ad hoc model background is obtained by adding the subtotals from the previous two subsec-
tions. Figure 4f plots the sum of 30.4 nm (Figure 4e) and 58.4 nm model (section 4.2) signals against the
actual backgrounds observed by IMAGE EUV. The mean per-sensor model backgrounds are [43, 48, 38] mR,
which are higher than the corresponding EUV-observed per-sensor values of [33, 25, 26] mR (cf. Appendix A)
but agree to within a factor of ∼2. This level of agreement is acceptable given the limitations of our
EUV-specific model, derived from generalized models [Gruntman, 2001; Zank et al., 2013] and sparse EUVE
observations [Vallerga et al., 2004], via simplified representations of the 6 month-averaged viewing geom-
etry. Our model estimate also relies on the laboratory-measured values for the EUV instrument perfor-
mance [Sandel et al., 2000]. In-flight calibration suggests that the on-orbit EUV sensitivity may be lower
[e.g., Gallagher et al., 2005] than that measured in the laboratory, in which case the corresponding bright-
ness values computed in (1) would be higher. The model estimates would not change, assuming that the
reduced sensitivity also applies at 58.4 nm (i.e., unaffected ratio A58.4∕A30.4). In this case, the observed quies-
cent background (in mR) would exceed our modeled total background estimate—also an acceptable level
of agreement.
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Figure 5. Timing comparison of solar and solar wind (SW) parameters with IMAGE EUV background signals. Vertical
lines: times of elevated backgrounds. Arrows: times of coincident increases in solar/SW parameters (cf. text). (a) VSW and
(b) NSW (OMNI/ACE/Wind); (c) SEP (ACE); (d) F30.4 (SOHO); and EUV at 10 min cadence, (e) sensor 1, (f ) sensor 2,
and (g) sensor 3.

The purpose of the ad hoc quiescent model is not to achieve perfect agreement with the observations.
It is sufficient that the EUV-observed quiescent background can be reasonably explained (within an order of
magnitude) as the glow from interplanetary and interstellar helium. A lower limit estimate of the model error
is found in Appendix B.

5. Episodic Background Increases

In the previous section we demonstrated that the quiescent IMAGE EUV background is consistent with the
glow of He+ ions and He atoms in the ISM/IPM. We next consider the origin of episodic increases in back-
ground levels. Because the enhancements occur on rapid (10–30 min) timescales, we hypothesize that they
are caused not by distant conditions in the ISM or at the heliopause, but rather by more local sources in the
solar wind (affected by the Sun’s EUV output).

In the next two subsections, we first focus on a 40 day period to examine the timing of background increases
relative to various solar and solar wind parameters, and then investigate causal connections via linear
correlation analysis.

5.1. Timing of Background Increases
Figure 5 presents EUV and solar/SW data from 21 March to 30 April 2001 (40 days), in a format similar to that
of Figure 3.

Figures 5e–5g show IMAGE EUV backgrounds measured by the three sensors, at a 10 min cadence. The verti-
cal lines indicate times (TB) of sharp increases in the background rate. These times were identified automatic-
ally, using the following combination of threshold and derivative filters on signal f : (1) f ≥ 125 mR and
(2) dfS∕dt ≥ 25 mR h−1, where fS is obtained by applying a 1 h boxcar smoothing window to f . Values of TB

were restricted to occur no more often than every 6 h.

Figures 5a–5d are plots of solar wind speed (VSW), solar wind density (NSW), solar energetic particles (SEP),
and solar 30.4 nm flux (F30.4). For each parameter g (where g represents one of the SW or solar quantities)
an automated algorithm identified times (TS) of elevated SW signal, using a combined threshold/derivative
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Figure 6. Two-dimensional (bivariate) histograms of IMAGE EUV background versus solar/SW parameters. Black line:
linear fit to histogram peaks. Red text in each plot gives linear correlation coefficient. (a) BZ,IMF, (b) VSW, (c) NSW, (d) SEP,
(e) F30.4, and (f ) PSW. Strongest correlations are with SEP and NSW.

filter similar to that used for f above: (1) g ≥ g0 and (2) dgS∕dt ≥ g1. For each of the parameters [VSW, NSW,
log10(SEP), F30.4 × 10−10], the thresholds are g0 = [400 km s−1, 5 cm−3, 2, 1 s−1 cm−2]. The derivative filters
are g1 (unit ⋅ h−1) = [25, 3, 0.9, 0.1], and the boxcar windows are [1, 0.2, 0.5, 0.9] h. The downward pointing
arrows in each plot show the subset of when elevated SW/solar times (TS) are judged coincident with elevated
IMAGE EUV background times (TB). Coincidence is defined as −2 h≤ (TB − TS) ≤ 6 h, i.e., either an increase in g
preceding one in f by 6 h, or a peak in g occurring no more than 2 h (the maximum uncertainty in solar wind
propagation to the magnetopause) after that of f . For reference, vertical lines are drawn at times TB.

The vertical arrows are thus intended to indicate times when elevated SW/solar parameters might be
correlated with elevated IMAGE EUV backgrounds. More arrows imply greater correlation and/or possible
causation. From Figure 5, SW conditions (VSW, NSW, SEP) appear to be important drivers of elevated EUV back-
ground levels. Figure 5d also has three examples of spikes in solar 30.4 nm flux that appear correlated with
elevated EUV backgrounds.

This case study of 40 days of data establishes selected solar/SW parameters as candidates for causes of
elevated EUV backgrounds. Our analysis of this data set does not identify a single causal factor respon-
sible for episodes of elevated background. First, we expect that both solar EUV and solar wind particles
should add to the EUV background from resonant scattering in the interplanetary medium, as discussed at
length in section 4. Second, the Sun and solar wind are dynamically connected. Active conditions can both
enhance the Sun’s EUV output and propagate plasma structures throughout the solar system, affecting mul-
tiple solar wind parameters simultaneously. Thus, spikes in NSW occur at the same time as steep rises in VSW

and SEP (e.g., Figure 5, day 90). Energetic particle flux increases can occur at the same time as spikes in F30.4

(e.g., day 105).
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Figure 7. Spatial dependence of IMAGE EUV backgrounds (mR). (a) X-Z plane, (b) Y-Z, and (c) 𝜌-Z. (d) Histogram
of brightness versus dipole L.

5.2. Linear Correlation Analysis
In this section we examine more carefully the candidates for causes of elevated EUV backgrounds. Figure 6

shows 2-D (bivariate) histograms of 6 months of IMAGE EUV background versus BZ,IMF, VSW, NSW, SEP, F30.4, and

PSW. The color bar gives number of data points in each 2-D bin. In each panel, the thick line gives a linear fit to

the histogram peaks (i.e., most common values).

To perform a more rigorous analysis of likely causes of elevated EUV background levels, we computed the

Pearson linear correlation coefficient (p) between the log10 of EUV backgrounds (in mR) and each of the

time-shifted solar/SW parameters. Here pX,Y is defined as the covariance of X and Y , divided by the product

of their standard deviations. The linear correlation coefficient for each solar/SW parameter is given by the red

text (“corr”) at the bottom of each histogram.

The strongest correlation (0.78) is with energetic particles. We hypothesize that SEP enhancements can send

high fluxes of very energetic particles directly into the EUV instrument, which is unshielded [Sandel et al.,

2000]. The next highest correlation (0.65) is with solar wind density (NSW), which makes sense given that solar

wind He+ (proportional to NSW) is a significant source of 30.4 nm light (section 4. This explanation holds for

PSW (correlation 0.60) which is also proportional to NSW. The weaker correlation (0.41) with VSW suggests that

bulk SW motion is less important than its density. On the other hand, we interpret the weak correlation (0.38)
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with solar 30.4 nm flux as reflecting the fact that during the 6 month period studied, there were fewer
episodic increases of F30.4 than of SEP and NSW. For example, as shown in Figure 5, there were more fre-
quent increases in SEP and NSW (as evident in the larger number of downward pointing arrows) than F30.4.
This interpretation rests on the reasonable expectation that when the solar 30.4 nm flux increases, the IMAGE
EUV background should go up as well. (As noted earlier, solar 30.4 nm flux is measured at the upstream
L1 point, with a negligible time delay compared to the EUV image cadence.) This overall line of reasoning
does not affect the validity of the other correlation coefficient because multiple SW and solar parameters
are capable of causing 30.4 nm background increases. Finally, this analysis found negligible (0.02) correla-
tion with BZ,IMF, suggesting that dayside magnetospheric reconnection exerts little influence on 30.4 nm
background levels.

5.3. Spatial Dependence
Figure 7 shows the spatial dependence of IMAGE EUV backgrounds, for the 6 month period (1 January through
30 June 2001) studied in this paper. Figures 7a–7c contain maps of the median brightness (mR) versus posi-
tion (in SM coordinates), in the X-Z, X-Y , and 𝜌-Z planes. For reference, dipole magnetic field lines are drawn
(in grey) at multiples of L = 5. Figure 7d is a histogram of brightness versus dipole L.

The brightest backgrounds were observed by IMAGE EUV at smaller radial distances (Figure 7a), on the dusk
side (Figure 7b), and at smaller dipole L (Figure 7c). At the lowest L values in Figure 7d, the mean background
(red curve) is several times the quiescent background (blue curve) of ∼30 mR. This spatial dependence is
consistent with greater local particle contamination occurring deeper inside the magnetosphere, as IMAGE
dove down toward perigee. The EUV camera suspended data acquisition for every perigee, in part because of
this expected magnetospheric source of elevated backgrounds.

EUV also observed intense background levels at high dipole L values, closer to apogee. We draw the line
between low and high dipole L values at L = 52, where in Figure 7d the mean (red) and quiescent (blue) curves
converge to a minimum separation. This value (L = 52) is drawn as a thick black line in Figure 7c. Significant
background levels (red pixels, ∼30–300 mR) are found at L ≥ 52. At these large L values we speculate that
high backgrounds are dominated by particles of solar wind origin.

6. Summary

We have obtained the first empirical determination of background levels of the IMAGE mission’s 30.4 nm plas-
masphere EUV imager. A survey of 6 months of data from the IMAGE EUV imager indicates that there is a
relatively low quiescent background level.

The most probable quiescent background count rate is 2.7 per pixel, per 600 s EUV image, equivalent to
a brightness of approximately 27 mR. Because the quiescent background rate is approximately 10 times
larger than the detector dark rate, quiescent background levels are apparently dominated by light sources
in the interplanetary or interstellar medium. We hypothesize two such sources of quiescent background:
30.4 nm light (from He+) and 58.4 nm light (from neutral He) that gets past the filter/mirror. Based on
previously published results (including models, reasonable expectations, and some EUVE data), we con-
structed a two-component (30.4 and 58.4 nm) model for quiescent background brightness that agrees (to
within an order of magnitude) with—and thus provides a credible explanation for—the observed quiescent
background level.

The IMAGE EUV data also exhibit episodic, factor of 3-to-30 increases above the quiescent background rate,
throughout the 6 month data set considered herein. Comparison of these elevated background levels with
solar EUV and solar wind parameters indicates several contributing causes during active periods, includ-
ing solar wind energetic (50 keV to 5 MeV) particles (SEP), solar wind density (NSW) and pressure (PSW),
and solar 30.4 nm flux (F30.4). The highest linear correlation coefficient (0.78) is for enhanced SEPs, sug-
gesting that many elevated background episodes involve direct particle penetration of the unshielded EUV
instrument.

The spatial dependence of IMAGE EUV backgrounds indicates that magnetospheric particle contamination
increases closer to perigee (low L), and solar wind particle contamination dominates near apogee (large L).

Future work will extend this 6 month study to the entire 5.8 year IMAGE EUV database and will use a more
sophisticated model of 58.4 nm background, based on LRO mission models.
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Appendix A: Distribution of Background Counts
A1. Quiescent Noise
In this appendix we discuss the distribution of quiescent noise levels (section 4). Inclusion of this informa-
tion elucidates which summary parameters (mean, median, and mode) are good or valid measures of the
distribution and aids future follow-up studies of the EUV 30.4 nm imager background.

Figure A1a plots histograms of quiescent background versus brightness (lower axis) or count rate (upper
axis), for the three EUV sensors (numbered 1, 2, and 3). These distributions were derived from the bivari-
ate histograms of Figures 3f–3h by summing in time. That is, for each brightness bin we added the total
number of points at all times corresponding to nonelevated conditions (i.e., avoiding the grey-shaded times
of Figure 3).

This summation procedure yielded single-peaked distributions for sensors 2 and 3, shown in Figure A1a. The
sensor 2 (green) distribution has a peak at 25 mR (or 2.4 counts per 600 s pixel). The sensor 3 (blue) distribu-
tion has a very similar peak at 26 mR (2.6 counts per 600 s pixel). Sensor 1, however, measured two distinct
distributions before and after a period of elevated background during day 86–109 (cf. Figure 3 regarding this
elevated period). Before day 86 (maroon curve, “1B”), the sensor 1 distribution peaked at 36 mR (3.5 counts
per 600 s pixel), ∼40% brighter than either sensor 2 or 3. After day 109 (red curve, “1A”), the sensor 1 peak

Figure A1. (a) Distributions of quiescent background levels versus brightness or count rate, for each of the three
sensors. The bottom axis indicates brightness (in mR). The top axis indicates counts (per 600 s pixel). Sensor 1 measured
two distinct distributions at earlier and later times. Sensors 2 and 3 measured similar peaked distributions. (b) Fits to the
per-sensor distributions using an exponentially modified Gaussian function (cf. text). (c) Probability density functions
(PDF) for two variations of sensor selection. The differences in mean, median, and mode between these two cases
are all <5%.
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Figure A2. Distribution of elevated background level versus brightness or count rate, in total and for each of the three
sensors.

migrated down to 28 mR (2.8 counts per 600 s pixel). The outlying 1B distribution peak is ∼30% brighter than
that of 1A. The average of 1B and 1A is 33 mR.

We next show that each of the per-sensor distributions is well represented by a Gaussian with an exponen-
tial tail. Figure A1b fits the per-sensor data to an exponentially modified Gaussian (EMG) function [Kalambet
et al., 2011]:

fEMG = f0 exp

(
−Ξ2

2

)
𝜎𝜆

√
𝜋

2
erfcx

(
𝜎𝜆 − Ξ√

2

)
. (A1)

Here Ξ ≡ (x − 𝜇)∕𝜎, in which x is the background brightness (in mR). The amplitude f0 is the number of data
points. The parameters 𝜎2 and 𝜇 are the variance and mean of the Gaussian component, and 𝜆 is the decay
factor of the exponential component. The equation also includes the scaled complementary error function
erfcx(T) ≡ exp T 2erfc(T), where

erfc(T) ≡ 1 − erf(t) = 2√
𝜋 ∫

∞

0
e−Z2

dZ. (A2)

(Note that in these definitions, T and Z are dummy variables.) The legend in Figure A1b lists the fit parameters
by sensor.

The presence of an exponential tail on the distribution bears some consideration. When measuring a
constant-brightness source with a photon-counting detector as in EUV, one might expect a Poisson dis-
tribution (which for a large number of data is approximated by a Gaussian). We speculate that the tail
on the distribution results from mild contamination from nonquiescent sources (section 5). That is, it is
likely that we achieved only imperfect separation of the background data into quiescent (slowly varying
interplanetary/interstellar gas or plasma) and elevated (highly variable solar wind particles or solar EUV) sets.

To obtain probability density functions (PDF), we summed together the per-sensor measured distributions
(Figure A1a) and then normalized the integral of the sum to unity. Two variations are shown in Figure A1c.
The purple curve includes all the sensor distributions (1B, 1A, 2, and 3). This PDF has a prominent main peak
at 27 mR (from the addition of 1A, 2, and 3) and a smaller second peak at 36 mR (from the outlying 1B
distribution). The black curve excludes the outlying 1B distribution, including only 1A, 2, and 3. Its single peak
is at 26 mR.

The values of the mean, median, and mode are overplotted as symbols (bullet, circle, and cross) and also listed
below the plot in tabular form. The differences in the mean, median, and mode between these two PDFs
(the purple and black curves) are all below 5%. Thus, the outlying 1B distribution does not have a significant
effect on the quiescent background determination. In section 3 we report summary values derived from the
entire distribution (including all sensors). In each PDF curve, the presence of the exponential tail shifts the
mean and median as much as ∼20% from the peak location. As noted above, we suspect that this tail arises
from contamination by nonquiescent sources; therefore, we believe the mode (the peak, or most probable
measurement) is the best summary measure of the quiescent background distribution.

A2. Elevated Noise
We also briefly examine the distribution of elevated noise (section 5), plotted in Figure A2. The thick grey
line gives the average of the extracted peak values, reported in section 3. The dashed grey line is the mean,
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computed from the PDF (not explicitly included herein, but derived from the plotted distribution by normaliz-
ing the integral). There are two broad peaks: one centered at about 50 mR (yellow box) and another centered
at about 170 mR (orange box). These two peaks appear to be superposed with an exponential tail extend-
ing to several hundred millirayleighs. In section 3 we report the average and maximum of the peak values
extracted from the bivariate histograms of Figure 3.

Appendix B: Estimate of Errors in Ad Hoc Models

In this appendix we compute and present error estimates for the ad hoc models of IPM and ISM background
used in section 4. These estimates will serve as a baseline for future models and quantify the credibility of our
explanation for the observed quiescent background level.

We use the symmetric mean absolute fractional error (SMAFE):

𝜓 = 1
ND

ND∑
i=1

2 |Mi − Vi||Mi| + |Vi| (B1)

where ND is the number of data, Mi are the model estimates, and Vi are the comparison (“true”) values. For
convenience we further define the expression inside the summation, i.e., the symmetric fractional error (SFE)
of each data point, as

𝜓i =
2|Mi − Vi||Mi| + |Vi| . (B2)

We estimate errors for six of the ad hoc models of section 4: heliosheath radius, heliosheath density, LISM
30.4 nm intensity, LISM 58.4 nm intensity, LISM 58.4 nm latitudinal correction, and solar wind (SW) density.
We briefly discuss each of these in turn, aided by Figure B1.

B1. Heliopause Radius
In section 4.1.2 the heliopause radius rH is one constraint on the estimated LISM brightness. We mod-
eled this radius in equation (3) by fitting a shape function to the heliosheath density map of Zank et al.
[2013] in Figure 1b. To quantify the fitting error, we determine the difference between the model bound-
ary and an appropriate density range in the density map. We selected the density range [0.17, 0.25] cm−3

(i.e., the transition from red to yellow in Figure 1b) as representative of the heliopause. All pixels in this
density range were extracted from the density map and their locations recorded as values Vi . Correspond-
ing model locations Mi were computed using equation (3). Figure B1a plots the per-point SFE within the
longitude ranges of the three EUV sensors. The per-sensor SMAFE is indicated by the magenta text and
horizontal lines.

In addition to this fitting error, there is also a temporal variability to the heliopause radius that is not included
in our model. From Figure 6 of Zank and Müller [2003], we estimate the scale of this temporal variation to be
about ±6 AU, corresponding to a fractional temporal variation of 0.04 (6 AU ÷ 160 AU).

We add the fitting error and fractional temporal variation in quadrature to obtain the total SMAFE of the
heliopause model, for the three EUV sensors: [0.14, 0.24, 0.38].

B2. Heliosheath Density
A second constraint on the LISM brightness estimate is the heliosheath density nH, which we modeled in
equation (4) by fitting to values extracted from the heliosheath density map of Zank et al. [2013] (cf. Figure 1c).
The fitting error was computed using equation (B2) with Vi equal to the extracted density values and Mi equal
to the corresponding model values. Figure B1b plots the per-point SFE within the longitude range of the three
EUV sensors, with the per-sensor SMAFE also indicated.

Like the heliopause radius, the heliosheath density has a temporal variability. From Figure 6 of Zank and Müller
[2003], we estimate this temporal variation to be about ±0.02 cm−3, corresponding to a fractional temporal
variation of 0.07 (0.02 cm−3÷ 0.3 cm−3).

We add the fitting error and fractional temporal variation in quadrature to obtain the total SMAFE of the
heliosheath density model, for the three EUV sensors: [0.07, 0.07, 0.07].
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Figure B1. Estimates of several selected sources of error/bias in the various ad hoc models of IPM/ISM background light
at 30.4 and 58.4 nm, from section 4. See text.

B3. LISM 30.4 nm Intensity in EUV FOV
The ecliptic longitudinal dependence of LISM 30.4 nm light is modeled in Figure 4b. The error in using the
mean per-sensor values (cf. section 4.1.2) is plotted in Figure B1c. The associated SMAFE for each of the three
sensors is indicated in the plot: [0.14, 0.08, 0.05].

B4. LISM 58.4 nm Intensity
The ecliptic longitudinal dependence of LISM 58.4 nm light is modeled in Figure 4c. This model was obtained
as a Fourier-expansion fit to published EUVE data [Vallerga et al., 2004]. As with the LISM 30.4 nm model,
we used the mean per-sensor values (cf. section 4.2). The combined SFE from the Fourier-expansion fit and
the use of mean per-sensor values is plotted in Figure B1d. The per-sensor SMAFE values are indicated:
[0.10, 0.08, 0.09].

B5. LISM 58.4 nm Latitudinal Correction
We applied a latitudinal correction to the LISM 58.4 nm model (Figure 4d, section 4.2), again based on pub-
lished EUVE data [Vallerga et al., 2004]. We used the mean value of this model within the ecliptic latitude range
of the EUV sample boxes (Figure 2). The associated SFE is plotted in Figure B1e and its SMAFE (0.04) is indicated.

B6. Solar Wind Density
Our estimate for the 30.4 nm light from two solar wind sources (pickup ions and charge exchange) was con-
strained with a 7 day running average of the solar wind density (section 4.1.2). There is error associated with
the fluctuations of the solar wind that occur on a time scale faster than 7 days. To quantify this error, we set
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the 7 day running average to Mi and used a 10 min average (the cadence of EUV images) for Vi . Figure B1f
plots the resulting SFE and indicates the SMAFE (0.53).

B7. Total Ad Hoc Model Error
We added all the above sources of error in quadrature to obtain the total ad hoc model error. The per-sensor
totals are indicated at the bottom of Figure B1 as percentages: [56%, 59%, 67%]. These large relative errors
are actually a lower limit estimate because there are sources of error whose quantification is beyond the
scope of this study. The additional unquantified errors include (but are not necessarily limited to): the use
of 6 month-averaged ecliptic latitude to organize EUV data (Figure 2), the seasonal variation of 58.4 nm
background (section 4.2), the uncertainty in the Gruntman [2001] model line spectrum (Figure 4a), the error
associated with the assumption of constant local bubble signal (section 4.1.1), and the measurement uncer-
tainty of the published EUVE data of Vallerga et al. [2004]. Thus, our ad hoc background model provides a
crude, order-of-magnitude estimate, solely to establish a credible explanation for the quiescent background
in EUV imaging data.
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