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Abstract. Particle measurements from the Polar Operational Environmental Satellites (POES) and theirsueeesser-the Meteo-
rological Operational (Metop) satellite program, are widely used for various scientific applications. While most studies focus
on the Medium Energy Proton and Electron Detector (MEPED), the low-energy (eV and keV) counterpart, the Total Energy
Detector (TED), has received comparatively less attention. However, the recent rise in the altitudes considered in ionization
and climate models has increased interest in low-energy particle measurements as inputs for atmospheric ionization models.

This study analyzes TED particle data (along with selected MEPED channels) from 2001 to 2018 and demonstrates that,
in particular, the TED 0° proton channels —and—and, to a lesser extent, other TED channels as-well-as-the- MEPED-proton
channels-P1-P2;-and-P3—are— are contaminated by energetic electrons at I < 6(with-the-exception-of TED-electron-band-4)-
. In some cases, the contaminated fluxes exceed typical auroral flux levels. The affected regions were cross-validated using
auroral UV emissions and occurrences of GNSS derived S4 index to rule out the possibility that the observed fluxes correspond
to real particle precipitation.

Additionally-we-established-a-As correction approach, we provide a simple Kp- and channel-dependent latitude boundary
that may serve as a-simple-preliminary cut-off criterion for the contaminated regions. Furthermere;-we-propese-a-more-general
flux-eorreetion-approach-In a more advanced step, we identified the contamination characteristics of each particle channel
on each satellite. The outcome is a list of problematic channels that should be neglected and a correction method based on
background eountmeasurements-counts for the other channels. The corrected fluxes are in good agreement with UV emissions.
and the method is available in the auxiliary material.

1 Introduction

Accurate spaceborne particle measurements are essential for various scientific fields, particularly for modeling the atmospheric
impact of precipitating particles. These impacts include direct ionization and the production of nitrogen oxides (NO,) (Rusch
et al., 1981) and hydroxyl (OH) (Solomon et al., 1981, 1983), which can lead to catalytic processes such as ozone depletion
(Crutzen et al., 1975; Heath et al., 1977; McPeters and Jackman, 1985; Funke et al., 2011). In the case of TED protons, these
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effects are primarily confined to NO,, production in the lower thermosphere, between 130 and 150 km. Due to its link to ozone
chemistry, particle precipitation may also influence the radiation budget and, consequently, atmospheric dynamics.

However, particle measurements are often affected-by-various-sourees-of biasincludingerosstalk-biased by contamination
from different energies or particle species, out-of-view contamination, electric charging, and detector degradation. For the
POES/Metop MEPED instrument, these issues have been extensively discussed and quantified. For instance, MEPED electron
channels are known to suffer from proton contamination (Evans and Greer, 2004b), which has been addressed using correction
methods that subtract the spectral contribution of interfering protons (Lam et al., 2010; Asikainen and Mursula, 2013; Peck
et al., 2015; Nesse Tyssgy et al., 2016). Monte Carlo simulations have also been employed to model the theoretical MEPED de-
tector response to various particle species and energies (Yando et al., 2011). These simulations indicate that MEPED proton de-

tectors are affected by energetic electron eresstatkcontamination, with the strongest impact on channel P1, decreasing in higher-

energy channels. Another result of Yando et al. (2011) is that the integral electron channels MEPED 0° el, €2, and 3 (as well
as their 90° equivalents) are differently sensitive to high-energy electrons. In consequence a construction of differential channels
by subtracting channels does not completely remove the high energetic electron component (in particularly when subtracting.
e3). The MEPED electron channels might also be affected by contamination from low-energy protons (see Yando et al., 2011)

. Additionally, proton detector degradation, which becomes significantrelevant after 2-3 years in orbit, has been quantified
using orbit intersections of different satellites (Asikainen et al., 2012). MEPED detector degradation has also been quantified
by (Asikainen and Mursula, 2011; @degaard et al., 2016; Sandanger et al., 2015).

In contrast, studies on the data quality of the POES/Metop TED instrument remain scarce. The instrument description
(Green, 2013) acknowledges energetic protons from the South Atlantic Anomaly (SAA) and energetic electrons from the ra-
diation belts as primary sources of TED background counts. A correction for TED energy flux based on background count
measurements is proposed in {Green;2043);-yet-significant-Green (2013), yet contamination from energetic electrons appears
to persist. For example, Sgraas et al. (2018, Figures 4 and 5) observed a daily modulation in TED observations of sub-20
keV electrons between 50° and 62° H-AT-invariant latitude during the 17 March 2013 geomagnetic storm, which they at-
tributed to the penetration of relativistic electrons. However,ne-dedicated-erosstalk-Even more problematic is that no dedicated
contamination analysis or correction has been conducted for the various TED energy bands. Given the growing demand for
accurate low-energy particle measurements to support high-altitude atmospheric precipitation studies (e.g., Wissing and Kallen-
rode, 2009), this study aims to address that gap.

High-energy particle populations known to induce eresstatk-contamination are typically found within the radiation belts. For
over 50 years, Earth’s radiation belts have been understood to consist of two distinct zones—an inner and an outer belt-separated
by the so-called slot region (van Allen, 1959, 1983). The inner radiation belt primarily contains electrons in the 100 keV range
and energetic protons exceeding 100 MeV, which are trapped by relatively strong magnetic fields. This belt typically spans
L =1.2to L =2.5 and remains relatively stable during quiet geomagnetic conditions (e.g., Selesnick et al., 2014). However,
strong geomagnetic storms can significantly alter the inner belt proton population (e.g., Selesnick et al., 2014), and in regions

such as the SAA, the inner boundary may extend as low as 200 km above Earth’s surface. The outer radiation belt, in contrast,

consists of highly dynamic electron populations (0.1-10 MeV) modulated by geomagnetic activity (e.g., Baker et al., 2013)
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with its intensity peaking between L = 3.5 and L = 5.5an

2013, observations from the Van Allen Probes revealed a long-lived relativistic electron storage ring-a third radiation belt-that
persisted for four weeks (Baker et al., 2013).

Crosstalk-contamination-Contamination within the radiation belts has been documented for the POES/Metop MEPED instru-
ment. For instance, Andersson et al. (2014) reported elevated MEPED electron count rates in the SAA that did not correspond
to mesospheric OH enhancements, suggesting proton eresstatk-contamination as the likely cause. Similarly, Evans et al. (2008)
identified anomalous increases in the POES E>16 MeV proton channel at subauroral latitudes near the SAA, which they
attributed to erosstatk-contamination from E>3 MeV electrons.

During our analysis of TED data from POES and Metop satellites for the period 2001-2018, we identified very high
fluxes-primartlyfluxes —primarily in the proton bands-at-bands— at subauroral latitudes. To investigate this phenomenon, we
compared TED data with high-energy electron fluxes, TED background counts, and atmospheric measurements. Our findings
indicate strong contamination, most likely from highly relativistic electrons, affecting the low-energy-TED-protor-TED bands.

The objectives of this study are twofold: a) To establish a simple latitudinal cut-off to exclude the eresstalk-dominated
contamination-dominated region, thereby enabling the safe application of TED data. b) To develop a eresstatk-contamination
correction method that can be applied to average TED fluxes, provided background counts are known, and that may also serve
as an indicator of TED data quality in polar regions.

The structure of this paper is as follows:

Section 2 describes the data sets and processing methods. Section 3 presents the subauroral flux peak observations that moti-
vated this investigation, along with their Kp dependence. Section 4 assesses the reliability of the measurements within the sub-
auroral region. This section consists of five-four subsections: Subsection 4.1 provides an overview of the SEM-2-instrument’s
various-TED measurements. Subsection 4.2 explores energetic electron erosstatk-contamination as a potential cause of in-
creased count rates at L = 4. Subsection 4.3 examines the differing effects of erosstalk—contamination on TED species and

orientations.

r-Subsection 4.4 compares ob-
served particle fluxes with independent data sets, demonstrating that TED proton channels do not capture real flux in the
subauroral region. Section 5 quantifies the eresstatk-effeet-contamination effect for each channel, with Subsection 5.1 propos-
ing a correction method based on TED background counts. In Subsection 5.2 the correction method is applied to measurements
of year 2013. Section 6 summarizes our findings. The Appendix discusses an issue in TED proton Level 1b netCDF (nc) files
that, while unrelated to eresstatkcontamination, has not been documented elsewhere. The auxiliary data contains the suggested

correction method.

2 Data Sets

This section describes the data sets wtihi

oyand data processin

methods of this study. Subsection 2.1 introduces the data handling of the total energy detector (TED) particle measurements.

After that the Modified Apex coordinate system is described, followed by the Kp-binning which has been applied to part of the
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aper’s data base. In the next subsections two independent data sets are introduced, which are compared to the particle fluxes.

These data sets are the backscattered UV, see Subsection 2.4 and the 54 scintillation index, see Subsection 2.5. The aim is to

falsify or verify particle precipitation in certain regions or during special periods with self-contained data.

2.1 Particle Data

The particle data originates from the Polar Operational Environmental Satellites (POES) and theirsueeessor;the Meteorological
Operational satellite program (Metop). Both satellite series operate in sun-synchronous orbits at altitudes of approximately
820 km, with a revolution period of about 100 minutes and an inclination of approximately 98.5°. Although these satellites

were initially placed in fixed local time orbits (morning-evening or day-night sector), their orbits have gradually drifted over

time, enabling near-complete magnetic local time coverage —(while combining multiple years and satellites). Even though we
do not think that it notably impacts our results, the coverage has a blind spot at 12 h MLT limited to southern hemisphere
subauroral latitudes and another at 0 h MLT on the northern hemisphere. For details we refer to Figure 1 (lower right) in

The particle detectors aboard POES and Metop are identical and integrated within the Space Environment Monitor SEM-2
(Evans and Greer, 2006). The SEM-2 comprises two instruments: the Total Energy Detector (TED) for low-energy particles and
the Medium Energy Proton and Electron Detector (MEPED) for medium-energy particles. TED is a cylindrical electrostatic
analyzer (Fig. 1 of Green, 2013, shows a schematic of the TED configuration), while MEPED is a semiconductor detector with
passive shielding.

This study focuses on the TED detector, which consists of a set of electrostatic analyzers (ESA). These analyzers utilize
curved plates with predefined radii, modulated by different voltages, to allow only particles of specific energies to pass through

and reach a channeltron (multiplier) at the end of the curved plates. TED features eight ESAs that differentiate between low

and high energies, along with two inlet openings at 0° (zenith) and 30°. The detector mounting and it orientation in relation to
the satellite is shown in Evans and Greer (Fig. 2.1.1 of 2004a). Additionally, the curvature of the plates is oriented oppositely

for protons and electrons. Particle flux measurements are conducted with the ESA plate voltage activated, while background
counts are recorded with the voltage deactivated. Although this study primarily focuses on the upward-looking (0°) detector,
which is crucial for observing precipitating particles at high latitudes, it also demonstrates that the TED 30° detector is similarly
affected. It is important to note that at low latitudes near the magnetic equator, the 0° detector predominantly measures trapped

particles (for the MEPED instrument this is shown in Fig. 1 of Rodger et al., 2010).
This study utilizes data from POES satellites +5+6:+7—+8and-+9N15, N16', N17, N18, and N19, as well as Metop

satellites 6+-MO1, M02 and 62,-MO03? covering the period from 2001 to 2048 Hewever,datafrom POES16-post-2006-has
beenexcluded-due-to-errors-in-TED-measurements2018 (for the S4 inter-compasison to 2024). The data has been analyzed

both on a 16-second basis and as annual or multi-annual averages.

1
2

N16 is used in Section 3 only as TED measurements after 2006 are erroneous.
MO3 is used for the correction method of Section 5 only due to launch in November 2018. In contrast to the other satellites the M03 correction is based

on year 2020 measurements.
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ae-Background counts are recorded and
but even though the TED data processing algorithm includes a background subtraction step (Green, 2013), this correction
applies only to the total energy flux derived from a full energy sweep and not to individual bands. This holds true for both
bin-format data prior to 2013 (Evans and Greer, 2004a) and netCDF-format data after 2013 (Green, 2013). The differential
TED bands are -until now- always provided uncorrected. The primary distinction between raw data and processed TED bands

in the processed-data files is a multiplication by the geometric factor. Note that whenever we are mentioning the TED particles
in this paper, we refer to these differential channels.

Table2?—Additionally MEPED eleetron-data-has-Since our study investigates the contamination of the total energy detector,
a few words on the instrument’s shielding are in order. Unfortunately the housing is not well documented, except for the
total weight of the instrument, its dimensions and images showing the aperture. We will discuss this aspect when looking at
the background counts. One important aspect is that the detector is stacked and that the inner instruments seem to be better
shielded than the outer ones.

Data from the MEPED e3 channels have been used in order to identify high energetic electron fluxes. These data have
been assigned an error value if high-energy protons, which can cause erosstalkcontamination, are detected. This filtering was
performed on a 2-second basis using the high-energy P7 proton channel from the omni-directional detector as a proxy, with
measurements set to an error value when counts exceeded 2 per second. Consequently, MEPED electron data is excluded

during strong proton events and within the South Atlantic Anomaly. The energy ranges for all particle channels are detailed in
Table 1. The channel names may be abbreviated, e.g. TED 0° proton band 11 as TED 0°p 11.

2.2 Coordinate System

This study employs the family of Magnetic Apex Coordinates (Van Zandt et al., 1972), which are derived from the International
Geomagnetic Reference Field IGRF) (Thébault et al., 2015). A key advantage of IGRF-based coordinate systems is that they
account for the gradual movement of the geomagnetic poles, ensuring consistency in precipitation feature localization over
extended time periods. This stability allows for multi-year spatial approximations of precipitation fluxes and facilitates the
application of results to future datasets.

For ground-based locations and higher latitudes, Magnetic Apex Coordinates closely resemble the widely used Altitude
Adjustment Corrected Geomagnetic (AACGM) coordinates. Specifically, poleward of 50°, the two systems are nearly identical
(see Fig. 7 in Laundal and Richmond, 2017).

However, for positions above the ground, Magnetic Apex Coordinates provide a more accurate framework for describing
charged particle behavior. These coordinates track the magnetic field lines from their footpoints upward, ensuring that charged
particles remain on the same coordinates during their bounce motion. Thus, in Magnetic Apex Coordinates, the altitude of a

satellite measurement does not alter the perceived location of a particle.
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By default, the reference altitude for magnetic field-line footpoints is set to ground level. However, the Modified Apex
Coordinates (Richmond, 1995) enable customization of the reference altitude. In this study, we use a reference altitude of
110 km, approximately where atmospheric interactions begin to dominate over magnetic field influences. Considering the

rid resolution used, the effect of the reference altitude is negligible. Consequently, the coordinate system utilized is termed
~‘Modified Apex 110km-Coordinates;"~ km Coordinates”, though we may refer to it simply as “APEX*“APEX" in the text.

AARAATAIARAARAARATIEA

The conversion to Apex coordinates is done with the Fortran code of Emmert et al. (2010) wrapped by the Python library of
van der Meeren et al. (2024).

2.3 Kp-Binning of Particle Data

The planetary K-index (Kp) (Bartels et al., 1939) quantifies geomagnetic activity using a 3-hourly quasi-logarithmic scale
ranging from 0 to 9. It is derived from observations at 13 geomagnetic observatories located between 44° and 60° in both
northern and southern geomagnetic latitudes. The Kp index is sensitive to multiple current systems, including the ring current,
and thus provides a global measure of magnetospheric activity.

For this study, particle data has been categorized into seven Kp-level groups: 0-0.7, 1-1.7, 2-2.7, 3-3.7, 4-4.7, 5-5.7, and

6-9. This binning approach enables the examination of particle flux variations as a function of geomagnetic activity.
2.4 SSUSI Data Set

We use the electron energy flux data from the Special Sensor Ultraviolet Spectrographic Imager (SSUSI) instruments on board
the Defense Meteorological Satellite Program (DMSP) Block-5D3 satellites F17 and F18 (Paxton et al., 1992, 2017, 2018).
These satellites orbit at 850 km altitude in polar, sun-synchronous orbits, the equator crossing times of their ascending nodes
are 17:34 LT (F17) and 20:00 LT (F18). The SSUSI detectors provide about 3000 km-wide spectrographic images of the auroral
zones with a 10 km x 10 km pixel size at the nadir point. Of these spectra 5 UV channels are downlinked, including two colours
for the LBH (Lyman—Birge—HeopfieldLyman-Birge-Hopfield) band emissions of N5. From these two LBH colours the electron
energies and energy fluxes are derived based on Strickland et al. (1983), additional discussion can be found in Knight et al.
(2018). The electron energy flux data used here are provided within the Auroral-EDR (Environmental Data Record) data set at
https://ssusi.jhuapl.edu/data_products (SSUSI, 2020). The data files contain the data point locations in geomagnetic latitude
and longitude in AACGM coordinates.

The data have been validated previously by comparing them to EISCAT ground-based observations (Bender et al., 2021).
For the comparison here, for each DMSP/SSUSI orbit during 2013, the data points within 60°E +4° geomagnetic longitude
were selected. The electron energy fluxes within these sectors were then averaged in one-degree latitude bins to produce the
time series as shown later in Sect. 4.4.2.

It should be said-mentioned that the SSUSI-derived fluxes are based on the hypothesis that the UV-aurora originates from a
pure electron spectrum. There is an on-going discussion how pure proton or mixed auroral spectra would show up in the results
of these pure-electron calculations. While model calculations of Knight et al. (2012, their Table 4) and Gelinas and Hecht (2016)
agree that this retrival technique should slightly over-estimate the atmospheric peak electron density under proton precipitation
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conditions, Knight (2021) did not see such an overestimation comparing SSUSI-derived atmospheric electron density with

is-. Concerning our paper we may just-conchade

summarize that —even though the SSUST algorithms threat all UV lines as effect of electron precipitation— particle precipitation

ionosonde observations

from both, electrons and protons, should show up in the SSUSI data set.
2.5 S4index

The S$4 index is a standard measure used to quantify ionospheric scintillation, referring to rapid fluctuations in the amplitude
and phase of radio signals as they pass through irregularities in the ionosphere. It is defined as the ratio of the standard deviation

of signal intensity to the average signal intensity (Wu, 2020). For this study, we used S4 index values calculated from the signal-

to-noise ratio (SNR) of GNSS radio occultation profiles. The S4 values, and thus the degree of disturbance of the profiles, refer

to the altitude range of approximately 80 to 130 km above the Earth’s surface. We analyzed the atmPhs or conPhs data product
provided by UCAR for nine different satellite missions (CHAMP, GRACE, Formosat-3/COSMIC-1, PAZ, Spire, TerraSAR-X,

TanDEM-X, KompSat-5, Metop-B, Metop-C, and PlanetiQ) measured within the latitude belt between 55°S and 65°S from
2001 to 2024. Further, we concentrated on night-time measurements.
In total, 231,680 radio occultation profiles met our criteria. Using the method described by Arras and Wickert (2018), we

calculated the maximum S4 index for each profilewithin-the-altituderange-of 90km-to150km-.Profiles that included a sporadic

E signature were excluded from further analysis.

3 Observation of High Particle Fluxes in the Subauroral Zone

A distinct local maximum in TED proton flux, separate from both auroral precipitation and the South Atlantic Anomaly (SAA),
was previously reported by Yakovchuk and Wissing (2019). This section examines which channels exhibit enhanced subauroral
particle flux and how it correlates with geomagnetic activity.

Figure 1 presents the multi-year averaged spatial distribution of TED proton flux for the period 2001-2018, separated by
geomagnetic activity levels (left: Kp=0-0.7, right: Kp=4-4.7). A localized increase in flux appears around 60° North and South
APEX, with a stronger presence at longitudes that also intersect the SAA (most notably near 60°E APEX in the Southern
Hemisphere)

At low Kp levels (Fig. 1, left), the flux distribution of all TED 0° proton channels exhibits a clear separation between the
auroral oval and the subauroral peak, as indicated by the red line. However, as geomagnetic activity increases (Fig. 1, right),
the separation diminishes, with the auroral flux extending equatorward and merging with the subauroral peak. For Kp levels of
5 and above, the subauroral feature becomes indistinguishable from the auroral precipitation.

The dependence of the subauroral peak on geomagnetic disturbance is further illustrated in Figure 2, which shows cross-
sections of TED 0° proton band 11 at 60°E APEX for different Kp levels. While the subauroral peak consistently appears
between 56° and 60° APEX in both hemispheres, increasing geomagnetic activity broadens and intensifies the auroral oval,

shifting its equatorial boundary closer to the subauroral feature. As a result, the two regions may merge at moderate Kp
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Figure 1. Spatial flux distribution of TED 0° proton band 14 for selected Kp levels (low Kp: left, medium Kp: right) averaged over the years
2001-2018.

levels (e.g., Kp = 4-4.7 in Fig. 1, right, for TED 0° proton band 14). However, differences in latitudinal extent and flux
intensity suggest that portions of the subauroral peak remain distinguishable at moderate Kp levels. At higher Kp values,
the subauroral peak becomes fully embedded within the auroral precipitation, limiting its identification to periods of low

geomagnetic disturbance.
It is worth noting that the northern subauroral peak is generally weaker than its southern counterpart ;-and 60°E APEX

does not intersect its strongest region. An hemispheric asymmetry similar to this is typically seen in radiation belt populations
measured on the same altitude because the polar horns of the radiation belt reach lower altitudes in the southern hemisphere. The
different radiation belt particle fluxes are shown e.g. in Winant et al. (2023) who compare the van Allen probe measurements
on POES/Metop altitudes against the AE-8 model (Vette, 1991).

Figure 3 shows the flux of a TED proton band against L-shell. We also added scaled background counts—Sealed-background
counts-are-overlaid, with the scaling factor chosen large as possible but still preventing unphysical negative counts at L=2-3
2-3 and L=6. The peak at L=4 remains largely unchanged, indicating that ne-a simple linear background correction ean-cannot
eliminate the subauroral maximum without compromising physical consistency. This suggests that the background-corrected

total energy flux may exhibit similar issues, as seen in Sgraas et al. (2018, their Figures 4 and 5).

Table 2?-1 summarizes the TED 0° proton channels and Kp conditions under which enhanced subauroral fluxes were de-

tected. The identification criterion required the presence of a local flux maximum exceeding the equatorial boundary of the
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Figure 3. The subauroral peak of the TED channels cannot be
adequately corrected based on scaled background counts. Either
it creates strong negative fluxes around the peak or the correction
does not noteworthy change the fluxes.

Separation of the contamination area at Kp
instrument band energy range
0-0.7 1-1.7 2-2.7 3-37 447
" band-4 154-224 eV - - - - -
5 band-8 688-1000eV | - - - - -
31 TED 0°
3 band-11 | 2.115-3.075 keV - - - - -
band-14 | 6.503-9.457 keV - - - - -
band-4 154-224eV | 66° 64° 62° 60° 58°
é band-8 688-1000eV | 66° 64° 64° 62° 62°
° TED 0°
& band-11 | 2.115-3.075keV | 66° 66° 64° 64° 62°
band-14 | 6.503-9.457 keV | 66° 64° 64° 62° 62°

Table 1. Channel and Kp combinations that exhibit enhanced subauroral flux, along with the location of the minimum between auroral

and subauroral peaks, as identified visually from spatial maps such as Fig. 1. The latitude values apply to both the Northern and Southern

Hemispheres. [MEPED removed] Netes——Almost-invisible-
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auroral oval by a factor of at least 1.778 (equivalent to one-quarter of an order of magnitude in logarithmic flux levels) across
a-significantfraction-of-different longitudes, ruling out statistical fluctuations.

Enhanced subauroral flux is observed across all TED 0° proton channels, whereas no corresponding feature is detected in
TED electron data.
iﬂ some-cases. Bﬂlfl fo Kp7<” Z).

To illustrate the potential impact of a misinterpreted subauroral peak, we estimate its contribution to atmospheric ionization.

Wissing and Kallenrode (2009, see their Fig. 9, lower panel) reported that at 120 km altitude, auroral proton-induced ionization
accounts for approximately 14% of total ionization, with electrons dominating the remaining contribution. If the observed
subauroral TED flux is real, it would imply an additional ionization peak at this auroral proton level in the lower thermosphere
(+30-150-130-150 km). This highlights the importance of accurately characterizing the subauroral peak to refine atmospheric

chemistry models.

4 Is the Subauroral Peak a Real Flux or an Artifact from €resstalkContamination?

A critical question regarding the observed subauroral particle fluxes is the reliability of the measurements. As noted in the
introduction, high particle fluxes are expected at low L-shells, particularly in the proton and electron radiation belts. Two
primary hypotheses can explain the subauroral peak: a) The low-energy proton fluxes could represent a low-energy tail of
the radiation belts. b) The observed fluxes result from contaminated detector counts due to high-energy proton or electron

To investigate this, we analyze various particle measurements from the SEM-2 instrument.
4.1 Comparison of Onboard Particle Data

Figure 224 presents the mean particle fluxes recorded by the vertieal-deteetorsATED 0° s-detectors (left panels) and nen-vertical
deteetors—the TED 30° - MEPED-96°-detectors (right panels) for the year 2013 under geomagnetically quiet conditions
(Kp <0.7). The data are plotted against L-shell along two APEX longitudes: 60°E and 160°E. Below L=6, the upper lines
boundaries of each color correspond to 60°E APEX, while the lower lines-boundaries correspond to 160°E APEX. The year
2013 was chosen because NOAA’s data format update allowed easy export of TED background sensor counts per second

General Trends in the Data: Nearly all TED channels exhibit two local maxima: a) A peak at L<2, associated with the
South Atlantic Anomaly (SAA). b) A peak in the subauroral region (L. = 3-6), with a maximum at L~4 (~60° N/S). This
pattern is also reflected in the TED background counts (black for lower energy bands 1-8 and gray for higher energy bands
9-16);-which-inerease-significantly-at-these-two-loeations.

The SAA and the Absence of Energetic Protons in the Subauroral Region: The SAA is well known for intense particle
erosstatkproton_contamination, particularly affecting MEPED electron channels (Peck et al., 2015). Fhe-apphied-filtering

methodTherefore we applied a filtering method for the MEPED electron channels, which uses the P6 channel effeetively
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Figure 4. Particle fluxes and background sensor counts for the TED 0° FEB-and-MEPED-detectors-(left panels) and the TED 30° AMEPED
96°detectors (right panels) in addition to the MEPED 0° or 90° 3 channel. The difference between 60°E and 160°E APEX is highlighted by
the shaded area. Below L=6, the higher counts (or fluxes) consistently correspond to 60°E APEX longitude, while the lower values correspond
to 160°E APEX. Elevated background counts in the L< 2 (SAA) region and in the L=3—+6-=3-6 range (subauroral peak) coincide with
intense particle counts in TED proton channels and eertain-the MEPED ehannels90° €3 channel.

removes-to effectively remove heavily contaminated MEPED electron data from the SAA (L<2). Indeed, all MEPED electron
However, the subauroral data remain unaffected by P6 filtering, which suggests that energetic protons are not responsible for
the observed peak. This leaves two possible explanations: a) The TED proton fluxes represent a low-energy tail of the radiation

belt. b) The measurements are contaminated by energetic electron-erosstatkelectrons.
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Vertieal TED 0° Proton Fluxes: To gain further insight, we examine the flux characteristics in the subauroral region, starting

275  with the vertieal-0° differential proton channels (Fig. 224, top left). All vertieal-FED-TED 0° proton channels exhibit a local

maximum at L=4. The flux difference between 60°E APEX (peak) and 160°E APEX (minimum) spanstotghty-roughly spans

one order of magnitude across all vertical'FED-TED 0° channels, albeit from different baseline levels. In contrast, background
counts vary by only half an order of magnitude.

Notably, the shape of the background counts differs from the flux peaks. The background counts of vertieal- FED-TED 0°

280 proton bands form a nearly plateau-like distribution, whereas the measured fluxes show a distinct peak at L=4. If the subauroral

peak were purely due to erosstatkcontamination, a simple correction by subtracting background counts (even with a scaling

factor) would not effectively remove the contamination.

285 eofmagnitude-in-MEPED-OP2-

Nen-Vertieal TED 30° Proton Fluxes: A slightly different pattern emerges in the nen-vertical FEB-TED 30° proton chan-
nels (Fig. 224, top right). Here, the background count peak (as well as the flux) is significantly-lower than in the vertieal-0°
channels. Additionally, the longitudinal variation (60°E vs. 160°E APEX) is less pronounced in lower-energy TED channels
than in higher-energy ones. Interestingly, the expected subauroral peak in TED 30° proton band 8 is not clearly observed at

290 L=4, despite noticeable longitudinal differences.

Vertical-andNoen-Vertical- TED 0° Electron Fluxes: The vertical-0° electron fluxes (Fig. 2?4, bottom left) exhibit the
smallest subauroral peaks among all detectors. In TED 0° electron band 4, the peak is absent, likely due to naturally high count
rates that mitigate contamination. In TED 0° electron band 8, a weak subauroral peak is visible only when comparing 60°E
and 160°E APEX. The higher-energy electron channels (TED 0° electron band 11 and 14) do show a subauroral peak, but it

295 remains one to two orders of magnitude below auroral flux levels.

Fornon-vertical- TED 30° Electron Fluxes: For the 30° electrons (Fig. 224, bottom right), background counts in the sub-
auroral region are higher than for vertieal-0° electrons. TED 30° electron band 4 remains unaffected, whereas the other TED

300 electron channels show similar 60°E-160°E differences, with subauroral peak fluxes surpassing the vertieal-0° case.

MEPED 0° and 90° e3 Fluxes: The MEPED electron

ig. 6 in 201€

the corrected MEPED 0° e3 flux at L=4—6 may be factor 2 smaller than the uncorrected flux. A similar correction approach

. 5 (Ieft) also shows a factor 2 for

including both viewing directions was done by Asikainen and Mursula (2013). Their Fi

305 strong contamination events (note that their graph shows the reciprocal value). Considering the corrected 90° equivalent

Asikainen and Mursula (2013)[their Fig. 5, right] gives a factor 1.2 to 1.45 more than the uncorrected flux. The impact of a

factor 1.2—1.45 on Figure 4 (as well as on Fig. 7, which follows in Section 5) is practically neglegible.
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significantly substantially smaller than MEPED 90° e3 (see other panels of Fig. 4). The latter shows relatively small fluxes
in the polar region and a dominant subauroral peak between L=4 and L=5 ;indicating-the-presence-of-trapped-fluxes-due-to-the
(note that data in the SAA is mostly removed). Within the subauroral area (which -in geographic coordinates: stretches from approx. 300°E
the MEPED 90° detector measures trapped, drift loss cone and bounce loss cone particles (compare Fig. 1, middle panel, in Crack et al., 20:
315 . As the trapped population typically exceeds the other populations, we may simplify that averaged MEPED 90° fluxes in the
subauroral area are mostly representing the trapped population.
The shielding of the MEPED detector housing should eliminate out-of-view electron contamination only up to_about
6 MeV (Evans and Greer, 2004b). Selesnick et al. (2020) showed that especially during periods of low pitch angle diffusion
(equivalent to low Kp), most of the detector counts at L=4 in the 0° detector erientation-result from trapped or quasi-trapped
320 (out-of-nominal field-of-view) electrons.

4.2 'What might be the reason for increased subauroral background counts?

Energetic protons have already been excluded due-to-missing-ecountrates—inP6(see Section 4.1), but according to Li et al.
(2001); Baker et al. (2013); Baker et al. (2019), highly relativistic electrons are common at L= 4 as this region belongs to the

electron radiation belts. Additionally, the so-called impenetrable boundary of > 1 MeV electrons at about L=2.8 (Baker et al.,
325 2014) fits very-well-with-to the background minimum seen in Fig.?? 4.

Energetic electron erosstatk-might-contamination can also explain the Kp dependence;-as-Furneretal(2642)pointout. On
increased geomagnetic activity in order to obey the third adiabatic invariant when the magnetic field strength drops. This
is also_connected with a reduction of electron energy. This process in not connected to electron loss. it just temporarely.

330  displaces the electron populations. On the other hand increased loss processes are observed during high geomagnetic activity.
Iles et al. (2002) states significant losses during storm main phase that may remove the majority of trapped electrons while
conditions of recovery determine if there is and increase or decrease afterwards. Millan and Thorne (2007) provide a review.
summarizing loss processes and the connected wave activity during different geomagnetic activity. Further evidence is provided
by a case study from Turner et al. (2012) showing that the radiation belt electron flux drops by orders of magnitude dur-

335 ing geomagnetic storms. A quick radiation belt recovery, which was also noted by Turner et al. (2012), dees-or increased

radiation belt electrons fluxes after 53% of the investigated geomagnetic storms as observed by Reeves et al. (2003) do not

contradict this statement as it takes ptace-the increased fluxes are observed after the main event and thus during lower Kp-

values (or Dst-values, as seen in Fig. 2 of Reeves et al., 2003). The same is shown in Ross et al. (2021). Their Fig. 14 compares

4.2 MeV radiation belt electron measurements of the Van Allen Probes at different L-shells with Kp. Whenever the Kp rises

340 to higher levels (say above 5), the electron flux decreases by orders of magnitude. This is most prominently seen at around

s4 can be used as indication for reduced



contamination at higher Kp.
hiled b I I articl L Lchell
Concerning our study we do not need to separate between Dst-effect displacements or real short-term electron losses as both

345 are connected to reduced energetic electron populations (and thus contamination) during high geomagnetic activity.
Comparing the location of the background peak with the-90~MEPED-eleetrons;-we-ean-MEPED 90° e3, we conclude that

the erosstatking-contaminating electrons should have slightly higher center energy than MEPED 90° e3. Observations from

Pecketal (2045, see their Fig-5)-Peck et al. (2013, see their Fig. 5) constructing a virtual electron channel e4 (300keV—25-MeV;

same-energy-range-as-e3-but-with a higher energy center of 800 keV ;-(based on the MEPED P6 proton channel) show a flux
350 maximum at L=4=4, similar to Ross et al. (2021) for 4.2 MeV electrons, which agrees to the observed background count peak.

To conclude this subsection, the abundance of high-energy electrons is most likely responsible for the TED background
counts and suggests that contamination in the TED proton channels (and to some smaller extent in the TED electron channels)
is_occurring. However, due to the absence of a correction algorithm, this does not provide a direct measure of the actual
abundance of low-energy particles. In other words, it remains unclear whether the contamination is strong enough to fully.

355 account for the observed peaks in the low-energy channels.

4.3 Why do not all TED channels show the same background counts?

The background counts, as well as the channels’ difference between 60°E and 160°E APEX, are highest for vertical-TED

protons-and-non-verticab TED-TED 0° protons and TED 30° electrons, while nen-vertical- FED-protons-and-vertical TED-TED
30° protons and TED 0° electrons show less impact. (Note that the different background levels are shown in Fig. 4 as well as
360 in Fig. 8 where we are focussing on a single satellite.

The shielding of the TED instrument is unfortunately completely undocumented. Using very rough estimations on the
volume, mass, and material, we end up with an eventual tungsten shielding of probably less than 0.8 mm, which would allow
penetration of electrons >2MeV-2 MeV according to the ESTAR database® from NIST. However, this is very vague. According
to private communication with Juan Rodriguez (NOAA), it might be better to assess erosstatk-contamination candidates by

365 coincidence.

This, however, does not explain any differences between the detectors. In fact, we-feund-combining a TED detector image
that-wecould-combine-with-(see https://www.eoportal.org/satellite-missions/noaa-poes-series- Sth- generation#sem-2- space-environment-1
and the information on the size of the single detector openings, which-allowed us to determine the layout of the TED detector
stack, being from side to side: 0° protons, 30° protons, 0° electrons, 30° electrons. Given that both inner detectors show fewer

370 background counts, we ean-conclude that this is an effect of better (lateral) shielding.

4.4 Possible-erosstalk-inthe MEPED-deteetorsComparison to Different Data Sets

3https://physics.nist.gov/PhysRefData/Star/Text/ESTAR html
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Fig—22-which-MEPED-electron-channels-might-suffer from-erosstalk— The most relevant datasets for comparison are those
from satellites with similar orbits. However, these datasets often suffer from the same issue — particle measurements in the

radiation belts are problematic and frequently omitted. For instance, data from the METEOR-3M satellite program (accessible
at https://ftp.sinp.msu.ru/meteor-3m/msgi/L1/ and http://smdc.sinp.msu. m/&&wm

be compared to the HOPE instrument onboard the Van Allen Probes. Yue et al. (2017, their Fig 2) shows statistical flux maps
of low energetic 11 keV protons. During Kp<1 the highest fluxes are observed between L=5 and the image boundary at
L=6. It steadily decreases till L=2 or 3 i i i i

the-detectorcounts-where it reaches the minimum flux. During higher Kp the flux is increased from the outher boundary down
to L=4 while L.=4 does not represent a local maximum. This is in contrast to the (contaminated) flux of the TED channels that
show a maximum at L=4 W@W&WM
Section) that show enhanced fluxes at L=4 (equivalent to -60°

as-the- MEPED-electron-channels-have not-been—<correctedforthis APEX) only during active periods. Higher proton energies

of 55 keV from RBSP-A / RBSPICE as investigated by Li et al. (2023, their Fig. 1) show a similar pattern but are alread
relatively far from the TED energy range (<10 keV).
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To-cireumvent-thisissue;In this study we adopted a different comparison approach. If the peak observed in the low-energy 0°

detectors is real, it should manifest as particle precipitation in the atmosphere at the footpoints of the corresponding magnetic
field lines (which coincide in APEX coordinates). To assess the atmospheric impact, we applied two independent methods.
First, we examined the S4 index: a peak in TED proton flux at TED energies should result in an ionization peak at approximately
150 km altitude, which should be reflected in the S4 index. Second, particle interactions in the upper atmosphere should

produce UV radiation, which can be detected using auroral imagers such as SSUSI. The benefit of this comparison is that these
measurements are independent of particle contamination issues.

4.4.1 Comparison to S4 index

Figure 5 compares the S4 index (top panel), which serves as an indicator for ionization layer formation, with the particle flux
from an affected TED channel, TED 0° proton band 11 (middle and bottom panels).

The S4 profiles in the first panel have been restricted to night-time®*. The night-time S4 index is elevated between 80°~190°E
geographic longitude with a main peak at +06-126100-120°E.

The second panel illustrates the teng-term-particle flux for TED 0° proton band 11 without any Kp filtering —A-wave-like
strueturetorange)-for the same period and night-time selection as the S4 index data set. The sinusoidal shape originates from
the auroral oval in geographic coordinates, reaching latitudes closest to the equator at 90—150°E geographic. The highest flux
values (above 10'? /(MeV ssrm?), inredyellow) occur between 320° and 50°E geographic, corresponding to subauroral
latitudes in APEX coordinates. Note that the SAA itself is not shown here as it is located equatorward of 50°S. The lowest flux
values (blae)-appear between 250° and 300°E geographic, aligning with a region equatorward of the subauroral peak.

The bottom panel condenses the 2D information from the middle panel into a latitudinal mean, allowing direct comparison

with the top panel The—peak—m—the%mdeﬂt—k}@ JWW&E geographic-arisesfrom-particle
which belongs to
M@&@%Wmm% and —+50-even
higher- at 170°E geog efbelong to the auroral oval.
The peak at 170°E clearly appears in the S4 data whereas the 70°E maximum is part of the main auroral S4 maximum which

“Including day-time S4 index would produce a second maximum at maximum-at-270°E geographic —not associated with particle precipitation but being an

artifact of the subsolar TEC maximum that expands into the observed domain only in the area of the SAA.
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Figure 5. The top panel shows the GNSS-derived S4 index at 55-65°S, averaged over all available night-time (20—4 local time) profiles
from 2001 to 2024 that do not exhibit a sporadic E-layer. The S4 index serves as an indicator of disturbances in the ionosphere. The middle
panel presents the average particle flux in TED 0° proton band 11 for the same latitudinal band, covering the same years 266+—2648and the
same filtering for night-time values only. The bottom panel condenses the middle panel’s data into a latitudinal mean, allowing for direct

comparison with the S4 index.

also contains other energy channels and of course the electron precipitation. Lower-energy particles weuld-create an auroral
pattern that extends further poleward, leading to a single peak.
Cruetally-in-Note that Figure 5 is not very sensitive to high Kp particle precipitation. First, the temporal contribution is small

and second all shown latitudes would be similarly affected, resulting in a mostly longitude-independent S4 offset.
The take-away message is, that in the region between 320° and 50°E geographic, where the TED channel registers a flux

maximum, the S4 index does not indicate a corresponding ionization increase. Since particle precipitation at a specific energy
should produce a distinct ionization and scintillation signature at a predictable altitude, the low S4 index suggests that the

observed TED proton flux in this region is a-detector-artifactcontamination from the horns of the outer radiation belt.

4.4.2 Comparison to SSUSI

17



Proton precipitating energy flux 0.15--20 keV at 60+4°E
Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

=50 ' i | 2 Y T e B

3

APEX latitude

1072
EIectron preC|p|tat|ng energy flux 0 15——20 keV at 60+4 E

—50 ' e LT I AR T1 L |

1073

APEX latitude

Proton and eIectron preC|p|tat|ng energy qux

=501 ' | T T S 1 B L T 0 R o L | !
(V] - 1
E - : 10747
& =
n =
E >
< ()}
. il A b s g
SSUSIonIDMSPF17 60+4 E | | -10-5 @
= I
I
2
I L 10—6
(o]
(0]
()]
SSUSIm1DMSPF18 60+4 E
T ||| T
: L 107

geomag. lat. [°N]

5.0 - ,

o

4
2.5+

0.0
Jan Feb  Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec Jan
year 2013

Figure 6. Temporal evolution of electron energy flux, proton energy 8x, and their combined flux, compared to the energy flux derived from
SSUSI auroral UV radiation frem-SSUSkas observed by two satellites, and the geomagnetic activity represented by Kp for the year 2013.



The first 5 panels of Figure 6 present the precipitating energy flux for the year 2013 based on different instruments. For better
comparison all energy ranges have been matched to the SSUSI data set, which is limited to an upper energy of about 20 keV.
Figure 6 (top panel) presents the total precipitating proton energy flux derived from al-spectrum fits of all TED 0° TEB

450 proton channels and MEPED 0° Pl—covering-anenergyrange-of 154-eV—+to-80-keV—. The highest TED channel already

covers 6.5-9.5 keV thus MEPED 0° P is only used for the extrapolation up to 20 keV with very limited impact on the
total precipitating flux. Two regions exhibit increased flux: one centered around 70°S APEX latitude, indicative of auroral

precipitation, and another at 60°S APEX latitude, corresponding to the subauroral peak. Periods of Kp> 5 are marked by blue
lines in the upper part of the graph and also shown in the bottom panel. The subauroral peaks tend to follow periods of elevated

455 Kp, and in some cases, the subauroral proton energy flux exceeds that of the auroral region. Two instances of strong subauroral
peaks are highlighted for comparison.

The second panel displays the electron energy flux (154 eV to 6620 keV) from the TED 0° electron channels and MEPED

0° el-e2—, a differential channel derived by subtracting e2 from el. Based on results from Yando et al. (2011) this channel
subtraction removes the impact of energetic electrons. As in the proton case the MEPED channel is used only from 9.5 keV to

460 20 keV in order to extrapolate the spectrum to the same energy range as the SSUSI data set.
Unlike the proton flux, the subauroral electron contribution is sigrifieantlynoticeably smaller, while the auroral electron

flux is more pronounced. Additionally, auroral electron flux is-strengly-dependentstrongly depends on geomagnetic activity,
intensifying and shifting equatorward during high Kp conditions. The proton flux exhibits similar behavior, albeit at lower
intensities.

465 The third panel combines proton and electron energy fluxes. The subauroral contribution is comparable to auroral levels,
underscoring the need to determine whether the subauroral flux is real or an artifact.

Panels 4 and 5 present UV-derived energy fluxes from auroral emissions measured by DMSP-17 and DMSP-18, respec-
tively. Both datasets exhibit a strong Kp dependence, with increased energy flux during geomagnetic disturbances and auroral
emissions extending to approximately 60°S APEX latitude. This aligns with the electron flux observations in the second panel.

470 However, the marked subauroral peak does not appear in the UV data, even though the combined energy flux matches levels
recognized as auroral emissions on some days. This suggests that the subauroral proton energy flux is overestimated.

Given the similarities in detector design, it is likely that the TED electron channels experience subauroral erosstalk-contamination
contamination as well. However, since the subauroral electron flux is lower, it may not be detectable in SSUSI data.

In summary, Figures 5 and 6 independently demenstrate—through-demonstrate —through the absence of ionization effects and

475 auroral emissions—that-emissions— that the subauroral peak does not correspond to real precipitating low-energy particles. The

only times when precipitation effects are recorded in this region coincide with geomagnetic storms, during which the auroral

oval expands into this latitude range (see Fig. 6, second panel).

480 It is worth noting that Kavanagh et al. (2018) observed particle precipitation events at L<4 (slot region) using-MEPED
electron-channels;detecting-eleetrons-while comparing electron measurements exceeding 640 keV (potentially above 1 MeV)
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Figure 7. Correlation of TED 0° proton band 11 and MEPED 90° e3.

and-corroborating-these—findings—with riometer measurements. These so-called slot region filling events persist long after
the storms that generate them and exhibit low Kp dependence. However, our observation methods, which focus on the upper
atmosphere, do not capture deep atmospheric ionization (occurring in the lower mesosphere to stratopause, 50-55 km altitude).
This suggests that while an energetic electron population is often present at low Kp, contributing to deep atmospheric ionization
and eresstatkcontamination, the majority of TED proton channel fluxes during these periods are likely artifacts.

It is important to rete-mention that disproving the existence of a subauroral low-energy proton peak during low Kp does
not invalidate the possibility of subauroral proton precipitation in general. Kim et al. (2021) linked low-energy subauroral
proton precipitation to EMIC wave activity. However, their study focused on substorm periods without signifieant-high fluxes

of electrons exceeding 100 keV.

5 Estimation of €resstalkContamination

Figure 7 illustrates the correlation between TED 0° proton band 11 and MEPED 90° e3 throughout 2013. Thelargestsubfigure
It reveals two distinct particle populations. At low MEPED 90° e3 flux levels (up to approximately 10%/(m?ssr MeV)), the
TED 0° proton band 11 flux distribution remains largely independent of the electron flux. However, beyond this threshold, the
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peak fraction of the TED proton flux distribution (dark red area) increases with rising energetic electron flux. Notably, most
data points in this second population originate from the subauroral region.

As demonstrated in Section 4, particularly in Subsection 4.4, the elevated TED fluxes in subauroral regions are not real. This
strong correlation is a clear indication of eresstatkcontamination.

One might argue that the large difference in flux levels between these channels should prevent significant-erosstatkstrong
contamination; however, this is not the case. The secondary axis in Figure 7 presents integral fluxes across the full bandwidth
of each channel. Within the correlated population, the peak fraction of the TED proton flux distribution follows a roughly one-
to-one relationship with MEPED 90° e3, albeit with considerable spread. Additionally, MEPED 90° e3 does not even peak at
the same L-shell location, suggesting that a higher-energy electron ehannel—sueh-channel —such as the virtual electron channel
proposed by Peck et al. (2015)—might— might yield an even stronger correlation.

Another factor to consider is that both particle channels can record zero flux, indicating that the detectors’ integration time
may be insufficient to capture a meaningful flux level. Zeros in MEPED 90° e3 are binned separately (see the left graph
subfigure in Fig. 7), while TED 0° proton band 11 registers zero flux at 16-second resolution in approximately 60% of cases,
with this fraction decreasing above 3 x 107 /(m? ssr MeV).

In conclusion, TED 0° proton band 11 —and likely other TED ehannels—should-channels— should be treated with caution
when MEPED 90° 3 flux levelsexceed-level exceeds 10%/(m?ssr MeV). Due to the signifieant-large spread in the data

and the probably higher center-energy of the contaminating population, a simple subtraction of MEPED 90° e3 scaled by its
bandwidth would yield unreliable results and is therefore not recommended.

5.1 Correction Based on TED Background Counts

A natural approach to eerreeting-correct TED bands involves subtracting-a subtraction of background counts, as applied by
Green (2013) for total energy flux. However, Figure 224 (e.g., top left) and Figure 3 highlight two key challenges: (1) a proper
conversion of background counts to physical flux is required, and (2) a-the non-linear response during high contamination must
be accounted for. The background peaks observed in the South Atlantic Anomaly (SAA) and the subauroral region flatten at
high values, a behavior not seen in uncorrected TED flux or the erosstatking-contaminating MEPED 0° e3 peak. Consequently,
applying only a simple linear scaling to match SSUSI observations at subauroral latitudes would introduce unphysical negative
fluxes at L=2.5-3.

Three potential sources of non-linearity come to mind. First, saturation effects may arise due to the longer integration
time of the background detector (3.2 s) compared to 0.2 s for individual band measurements. However, the highest recorded
background counts remain below 30—far-30 —far from the allowed maximum of 1,999,848 stated in Green (2013). Second,
non-linearity could stem from data compression during satellite transmission (see Table 14 in Green, 2013). Yet, since we
observe non-integer values, we trust that these represent decompressed counts (see Table 15 in Green, 2013, and notes in the
netCDF files). Third, orbital motion during measurement could contribute: background counts are averaged over 16 instrument
cycles (32 s total), during which the satellite travels about 270 km (or 1° latitude). This spatial averaging naturally smooths

background peaks compared to individual band measurements.
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Figure 8. Correlationof TED channels and-of NOAA1S5 plotted against their individual background channel.

The underlying assumption for an empirical eresstaliccontamination correction is that a given background count level cor-

responds to a predictable level of eresstatk-contamination in the particle bands. Since multiple flux measurements exist for
each background count level, the lowest observed flux should best approximate the erosstatk-contamination component. We

thus use the dataset from Figure 2?2-4 (without longitudinal restrictions and separately for each satellite as well as a similar
data processing for M03 in year 2020, as it was not lauchend in 2013) to estimate the lower flux envelope for each background

count value.
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Figure 8 shows the ba

particle populations at [=0-2.5 (grey,
%MWMMMWMWWHMM%
particle bands —Fhree-main-grotups-emerge;thustrated-using-for NOAA1S. Using TED 0° proton band 11 (top panel, third
column) —Fhe-first-group-(blue-as-inFig—2?)-as typical example, the last group (in color, here blue) is centered around (109,
3 x 10'") represents-mostly-uncontaminated-flux—The-seeond-group-tand mostly represents uncontaminated flux (meaning
that the flux may be orders of magnitude higher than the contamination). The first group (SAA, gray) forms a narrow band
—on a wide range linear in log-log— extending to the highest background counts (>—+01-and-corresponds-to-the-SAAwhere
backgrotnd-channels-reach-a-about 2 107) where background channel reaches a (in this representation inverted) plateau,
possibly indicating saturation. The third-second group (black) lecated-between-the-others;—corresponds to the subauroral
region —(L=3-5) and shows the same dependency on background counts as the SAA population but does not reach the highest
background counts. Also the flux variation for a specific background level is typically higher (except for TED 0°/30° p 8).
Notably, efesstaﬂeggg@vlglvn\;lgvovnv effects appear more pronounced in the }atefa}defeewéﬁfst—aﬂéﬁst—fewﬂﬁmdieated

clearly as the peak contamination within the subauroral population (gray) reaches much higher background values in 0° p than
in 30°

same in 30° e compared to 0° e). This relation is observed in all satellites and is generally more pronounced than in

the lower contamination envelope we first need to define the boundaries. The upper boundary is the saturation threshold.
The saturation effect was evident in practically all SAA distributions’. In order to_estimate the saturation level. we binned
the distribution (consisting of background count vs. particle flux pairs) into 20 logarithmically equidistant background levels,
derived the standard deviation of the logarithmic particle flux within these bins and selected the highest increase of the standard
deviation between neighboring bins as indication for the beginning saturation. The green vertical line (now called saturation
threshold) marks the background value that corresponds to the boundary between these bins. In many cases the saturation
threshold of 0° and 30° viewing angles were close to each other so that just one value has been selected. Only in a few cases
this method did not work out well and the saturation threshold has been set manually (integer values or 2.5).

of the other viewing direction instead. M02 TED 30° p 11/14 are sufficiently populated without showing saturation effects. We handled it similarly as the
adopted threshold is too far above typical levels to be problematic.
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Within each of the 20 logarithmically spaced background-count-bins—Within-each-bin-data-peints-background bins, the pairs
were sorted by flux, and the logarithmic flux distance to the following data-peint-pair is determined. In order to suppress out-
liers, 1% of the data peints-are omitted, depenging-depending on this distance. Fhe-fit-was-then-applied-te-While this filtering
would also remove isolated data points within the distribution it turned out to be effective in removing outliers below more
populated areas. The pair with the lowest remaining flux value in each bin —The-parameters-belong-to-a-polynomial-that-has
vatues-of backgrou ants-by-and-is returned and creates the data base for the lower contamination
envelope fit. However, a contamination should positively correlate with the background counts. Therefore the minimum flux
of all returned pairs is selected and its background count is used as lower boundary for the fit. The we applied a linear fit
to the logarithmic background counts log,q(b,) and the logarithmic lower envelope channel flux (@7.7)10g;o(®1z) in form
1ot Py =a—tegths) Totbg)’ +e—ogpths)? Totbg)+elogio(Rrr) = o 10814 (bg) £ b Fit param-
eters for the SAA (L=0—2:50-2.5) and subauroral region (L=3-5) are presented in Table ??-and-2 and 3 and depicted in
Figure 8 —(for N13), Fig. 9 (for problematic channels) and Fig. 10 (for all satellites).

NS (see Fig. 8) seems to have relatively good particle detectors. Meaning that within most channels the contamination is
proportional to the background values (below the saturation threshold). Also the contamination seems to be similar within the
SAA and the subauroral area. Given the main expected contamination sources being protons in the SAA and electrons in the
subauroral area the contamination is independent of particle type. This is indicated by the matching reddish solid and dashed
lines labled as lower envelope of the associated area. Also the saturation threshold is above typical values reached in the L>5
region, which means that (at least at these Kp values) a cut at the saturation threshold is not problematic. We will call this
case “type normal”. As a correction attempt all values below the saturation threshold may be subtracted by typical background
contamination which should be the lower envelope with a certain factor taking into account statistical variations. In case that
the TED flux does not show a positive correlation with background counts we omit the fit and no background is subtracted. All
data above the saturation threshold should be discarded. However, TED 0° proton band 8 shows that “type normal” does not
apply to all channels.

Figure 9 presents the different types of contamination that we found in examining all satellites:

“type A7 is similar to “type normal” but the contamination seems to depend on particle source. While the particle detector is
equipped with a magnetic filter that might have a particle specific effect on the contamination. However it is not clear why

this applies to some of the channels only. The affected channels are: N15 0° ¢ 11/14, N17.0° preton-p 4 [NOTE: all the
weird red numbers that follow belonged to a replaced tabular.] 2:051—-64816-6-4765—1-642 172857917 1790692098
-9-4183-12.6564-, N17 30° p 4/11/14, N17 0° proten-¢ 4/11/14, N17 30° e 4/814.6316-6:237-9:0663~5-54612.7714—4.5487
15:5999—+7437-7:5566-16:3358-, MO1 O°proton—+/30° p 119:9935—-32.227H-374218~16:345412:8258 101772278587
27-797—10:20491H-7269-/14, MO1 0° proton—e_4/11/149:6204—28:6562-32:569+—14-079+11-8449-9.6—-25-7265-27-0084

1054721216736, M03 0°
30p 11/14 and MO3 0° 4/11/14. A correction should be done as for “type normal” but considering the different kind
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TED bandabedeabede

% = L=0-2.5 L=3-5 satu- = L=0-2.5 L=3-5 satu-
S a b a b ration 3 a b a b ration
N15 1.5775 10.1817 | 1.2386 10.4211 | 12.8965 0.7431 10.7947 | 0.3303  11.563 12.7287
N17 1.5888  9.9132 1.556  10.1999 | 10.6587 1.1591  9.8804 | 0.4705 10.9713 | 10.6587
N18 - 1.0884 10.6357 | 1.1554 10.7123 | 11.3349 o 0.7786 10.4832 | 0.5171 11.014 13
NI19 S 1.5882 10.4786 | 1.254  10.7459 | 13.3618 & 0.744  10.9283 | 0.1801 11.6641 11
MO1 | © | 1.3857 10.4824 | 1.3672 10.5342 | 109128 || © | 0.9568 10.2667 | 0.5827 10.9069 11
MO02 1.5011 10.3352 | 1.2584 10.5296 | 13.6379 0.9911 10.0474 | 0.7009 10.4233 13
MO03 1.8532 10.2124 | 1.2184 10.7175 | 11.8979 1.208  10.1911 | 0.4226 11.4306 | 11.8979
N15 1.5399  9.7011 1.5807  9.6665 11.4526 1.7334  8.9365 1.6324  9.0867 11.4526
N17 0.1996  10.2672 | 1.0914 10.2132 15 0.2576  9.6781 | 0.9315 9.4939 | 18.4006
NI8 | — | 1.3896 99697 | 1.7105  9.7995 12,4066 || « | 1.501 9.2039 | 1.8894 9.1114 | 12.4066
NI19 E 13048 102122 | 1.2907 102164 | 11.0264 || a| 1.5643  9.3393 1.3288  9.5193 11.0264
MOl | © | 23938 8.8754 | 2.7461  8.0918 15.0736 || & | 32212 7.3404 | 25729  7.6012 | 15.0736
MO02 1.6486  9.7118 1.377 9.9508 13.9622 1.6228  9.0686 1.358 9.3261 13.9622
MO03 2.0941  8.3833 1.7941  8.2753 9.7661 2.3671 7.557 47329  5.1075 9.7661
N15 1.6618 10.0656 | 1.2815  10.443 12.7287 0.9528 10.5741 | 0.6023 11.3373 | 12.7287
N17 2.037 9.618 1.7033  10.1222 | 11.0999 0.8059  10.1433 | 0.9523 10.6881 | 10.6587
N18 | « | 1.6357 10.2455 | 1.4711 10.3101 14.402 o | 1.1704 10.7194 | 09372 11.706 14
N19 | &| 1.4066 105128 | 1.1182 10.8232 | 12.5601 || & | 0.3514 10.877 | 04297 11.2997 11
MO1 | & | 2.0098 10.3368 | 1.3326  10.899 | 11.2498 || @ | 1.716 9.8768 0.639 11.1196 11
MO02 1.5765 10.4805 | 1.1628 10.94 13.4247 2.9709 9.648 0.9366  11.6342 13
MO03 1.6343  10.4867 1.148  10.9834 | 12.3448 3.2291  9.3217 0.957 11.6635 | 6.3174
N15 2.1907 89074 | 19168 9.1951 10.6814 1.9683  8.4664 | 1.7598  8.7051 10.6814
N17 4.0388 6.8106 | 3.8988  5.7151 15 2.7485  7.1486 | 6.2532 2.861 18.4006
NI18 | — | 0.0828  9.6375 | 2.7577  8.4829 | 12.4066 || < [ 0.068 8.9244 | 2.8231  7.5481 12.4066
NI19 & 1.7565  9.6211 1.4878  9.8837 10.6549 & 1.5213 8.975 1.5982  9.1934 | 10.6549
MO1 | & | 0.8235 9.9586 | 02212 10.3422 | 13.9683 || K | 0.9331 9.1816 | 0.3071  9.5817 13.9683
MO02 0.4363  9.2659 | 2.1308  9.2252 | 13.9622 0.7262  8.7199 | 2.0427 8.5769 | 13.9622
MO3 - - - - 3 - - - - 2.5

Table 2. Fit parameters of the lower envelope of the contamination and the saturation threshold for the proton bands. When applying the

averaged) background flux b, to lo

P

=a-lo b

+ b the resulting lower envelope flux ® 1z is givenin 1/(MeV m? ssr). Integer

or 2.5 for saturation means these values have been set manually.
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605

610

% = L=0-2.5 L=3-5 satu- = L=0-2.5 L=3-5 satu-
= a b a b ration S a b a b ration

NI15 0.4396 12.5058 | 0.1404 12.7675 | 11.4474 1.1005 10.3249 | 1.0484 10.4865 | 11.4474
N17 1.1848 11.7536 | 0.2483  12.6595 9.3221 0.7603 10.2654 | 1.1033 10.3052 9.3221
NI18 < 0.97 12.448 0.2216  12.2236 8.7682 o 0.8783 10.4657 | 1.3613 10.5843 8.7682
N19 i 0.2296 124732 | 0.2677 12.4074 10.745 2 1.3322 10.2181 | 1.0134 10.5769 10.745
MOl | © | 0.259 12.8251 | 0.6589 12.4288 | 11.6025 S | 14299 10.3242 1.21 10.5266 | 11.6025
MO02 0.1956 12.2596 | 0.4247 12.1538 13 1.4697 104773 | 1.1525 10.5531 | 10.1323
MO03 0.6863 12.1619 | 1.1271 11.5579 | 11.0179 2.271 10.1041 1.1618 10.552 11.0179
NI15 2.4007 8.8191 3.0557 8.1769 11.1648 2.0162 8.9133 1.3407 9.6461 11.1648
N17 1.4261 9.809 2.7844  8.7599 11.5524 1.7582  9.2385 2.3324 8.7884 11.5524
NI18 | | 14.784 -7.1759 | 3.2758 5.6982 15.4969 < | 1.2933 8.1958 1.1943 8.4457 15.4969
N19 : 1.5475  9.7807 1.2094 10.1401 9.4036 o | 1.6753 9.4534 1.0835 10.0048 9.4036
MOl | & | 1.8285 9.8633 1.3485 10.2254 | 10.5576 S| 1.7847  9.5509 1.2664  9.9965 10.5576
MO02 3.0629 8.6162 3.7681 7.5243 12.3037 2.6261 8.6983 2.2885 8.8112 12.3037
MO3 1.7096  8.8143 2.0675 8.0923 14.9028 5.5051 5.1037 3.4568 6.3035 14.9028
NI15 0.2936  12.7451 | 0.0975 129126 10.339 0.7223  10.9959 | 0.5872 11.0516 10.339
N17 1.2313  11.8648 | 0.2003 12.9035 9.2019 0.9958 10.516 0.523 10.9907 9.2019
N18 | & | 0.4055 12.0785 | 0.1143 12.1118 8.7682 o | 0.5363 10.1071 | 0.9439 10.4416 8.7682
NIO | 2| 0.2447 125698 | 0.1388  12.6035 8.3979 2| 1.0408 10.3798 | 0.7718 10.6516 8.3979
MO1 R 0.1668 12.824 0.2674 12.7444 | 11.8039 R 1.2707 10.316 1.024 10.5378 | 11.8039
MO02 0.2756 12.5318 | 0.3256 12.5191 12 0.9953 10.4168 | 0.8457 10.6554 | 10.1323
MO3 0.4055 12.2521 | 0.4461 12.1794 | 11.3245 1.5633 10.2159 | 1.0988 10.5512 | 11.3245
NI15 2.0962  9.2071 1.9614  9.1865 11.8546 2.0463 8.9301 1.805 9.0512 11.8546
N17 1.9647 79129 - - 13.99 0.7954  8.7637 - - 14

NI18 — 0.8667  9.2071 0.4567 9.7431 14.0688 = 2.8801 6.7371 0.6347 9.3723 14.0688
N19 o 1.5526  9.5779 1.2456  9.8745 11.8303 o 1.3754  9.3394 1.2097 9.5693 9.4036
MOl | & | 1.8366  9.5839 1.2972  10.0844 | 12.1455 | 1.7603 9.3401 1.3472  9.7438 12.1455
M02 2.878 7.8796 0.7727  9.7859 10.0639 2.828 7.5463 1.2884 8.8849 10.0639
MO3 2.2105 8.6565 1.3041 9.4453 16.6109 1.6988 8.8739 3.6856  6.4783 16.6109

Table 3. Same as Table 2 for the electron bands.

“type B” applies to the proton band 8 -8 ~ ~ - - - . 4818134378
30:526-on every satellite and both viewing directions. At least partly the distributions are not proportional to background
counts. And we observed a different behavior in case of proton or electron contamination. Within the SAA region, enhanced
flux is observed at relatively low background values but the neighboring channels 4 and 11 do not observe an enhancement. It
is unclear what is going on here. A physical explanation might be that the satellite is negatively changed. But then the charging
must always be on the same level because just this channel is affected. If we see charging effects, that would not impact particle
precipitation. And charging should more be a issue for high flux regions as the auroral area than for high energy areas. Thus
we recomment to not use p 8 on all satellites.

“type C seems to be particle specific as well. The subauroral flux seems not or not significantly affected by contamination.

Within the SAA however the flux starts orders of magnitude smaller than anywhere else but than saturates almost instantly for
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Figure 9. Different types of problematic contaminaton (see text for details).

increasing background counts. Consequently a correction can only be suggested for expected electron contamination. In case
of proton contamination the data should be neglected. This applies for N18/M02/MO03 30° proton-p 117:7157-24:269228:7625
12:43-1:5685-2.9447-4:7859-0:4545-0:428-9:.9987 /14, _

In “type D” the saturation level is reached also outside typical contamination areas. For D1 no or just minor dependence on
background flux below saturation level is observed while D2 shows obvious dependence on background. There is a smooth
transition between D1 and D2. A correction might be done as in the “type normal” case but the correction will significantly
change data outside of SAA and subsuroral area as saturation level is reached there as well. Supposed that higher fluxes of the

energetic particle populations (that are reflected in the background counts) are to some degree occuring simultaneously with

increased fluxes of low energetic TED populations at higher L-shells, this correction will act as a high flux filter. Type D1 has
been observed in N17 30° proton-e 11/14 8:9894—-274732-31-4856—134727-11-1219-3-8881-3:99851-8121-0-6005-9:3293

16:6245-/30° ¢ 11/14 and MO3 0° efectron—p 11
18:0006-8:6601-/14. Note that some channels from MO3 are also attributed to “type A”.

Figure 10 gives an overview on the lower envelopes of all TED channels on all satellites. TED 0° electron band 8 shows the
best overall agreement of the lower envelopes. Here, the background response seems to be almost identical for contaminating
protons and electrons thoughout all satellites. A very weak dependency on background counts is seen in both TED 0°eleetron
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Figure 10. Lower envelope of the contamination.

/30%eleetron-° e 4 1 0.103-0.0274
bands as indicated by the slow rise of the

lower envelopes. The reason probably is that high flux values overshadow contamination effects. The strongest inter-satellite
differences are typically connected with channels 11 and 14 (and the problematic p 8 0:2418—-02757-0-2688-0-532210-8432

-2.33581.9735-0-8169-0-160710-8056-bands) where the contamination effect gets stronger in relation to the lower flux values.
Note that “type C” occurs in p 30° electron—1131-9686—1373464 2176068148 2536471251+ 271793 76522567795+
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185156 1H-1271/14 only while “type D” can be found in the 11/14 bands of p 0° and e 0°/30°electron14-281675—12158

differences to the other satellites are mostly found for N17, N18, M01 and M03 while no significant outliers have been observed

for M02, N15 and N19. However, these differences are channel-specific —and may change over time. The plotted data is given

5.2 Application of the Contamination Correction:

Figure 11 demonstrates the effect of this-the suggested contamination correction under different geomagnetic conditions. For

seleetion-in-open-field-line-areas-The correction here has been done with a factor 1, meaning that if below saturation level only.
the lower contamination envelope has been subtracted. The applied correction method is available as Python code. In case that
the background subtraction resulted in negative fluxes the channel has been removed and the particle spectrum fit has been
done based on the remaining channels -if available, Period, location and color scale exactly matches to Fig. 6 and thus can be
compared the contaminated fluxes and to SSUSI observations.

Nete-Starting with the proton precipitating flux, the moderately contaminated periods (outside the marked areas) are now
practically cleaned from contamination, as. e.g. seen in early March, May or October. However, the proton correction does
not come without the prize of missing data in cases of uncorrectable contamination. Given that this plot shows daily averages
on 1° latitude resolution and on a 9° longitude patch the amount of data points per bin is not ideal for a correction attempt
designed for average particle fluxes and average background counts. Within the marked heavily contaminated periods about
half of the proton data is missing now. It should be said that this is just a minor problem for the atmospheric effects as the
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Figure 11. Similar plot as Fig. 22-6 but with corrected fluxes;-two-lKplevels-and-for-60°E-APEX-only. Note - Dots-are-unecorrected-fluxesthat

the third panel (protons + electrons) contains data only in case that it is available for both particle species.

electron ionization is typically higher and mostly available after correction, Especially in July there are subauroral proton peaks
remaining after the correction. Interestingly SSUSI on DMSP F18 (in contrast to F17) shows peaks in this period as well which
are only slightly equatorward of this, so it remains unclear if the corrected fluxes are still contaminated here, Anyhow the
overall proton picture is much closer to the SSUSI observations than with using uncorrected fluxes. The electron correction
looks very convincing. Even during the heavily contaminated periods no elevated fluxes are seen any more. The proton plus
electron precipitating flux shows a much better agreement with the SSUSI observations. Please note that Figure 11 shows the

worst-case scenario, with the strongest background counts occurring at 60°E APEX.

While the contamination is mostly removed now, this method does not replace an inter-comparison of the TED data.

However, the corrected TED fluxes should be a better data base to use than the uncorrected fluxes.

In-this-paper,-we-investigated-Some uncertainty persists in the factor 1. It is not clear how strong natural fluctuations are
impacting the results. It might be that at least part of the particle flux above the lower envelope is due to statistical variations that
deviate from a direct relationship between background counts and contamination flux —which are not measured simultaneously.
or on the same location. While the factor 1 should be a good estimation for large ensembles, stronger statistical fluctuations
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when using just a few measurements might afford a factor>1 —with the cost of a reduced average (or negative fluxes). Within
the scope of this study we can state that the applied correction matches to the SSUSI observations in so far that the subauroral
maximum is mostly removed while the auroral pattern persists with flux levels comparable to SSUSI observations. But the
limitation of SSUSI’s low flux resolution does not allow to quantify or the remaining subauroral contribution.

6 Conclusions

In this study, we investigate the subauroral flux maximum (located at approximately 60°N/S APEX, corresponding to L=4, with
a longitudinal focus at-6—100between 0° and 100°E APEX, most prominent south of the South Atlantic Anomaly) observed in
many TED channels¢tmainty-. This subauroral maximum is predominantly visible in the vertical proton channels j-and-some
MEPED but is also present in nearly all other channels.

Two independent measurements of atmospheric impact refute-the-contradict the presence of the observed subauroral peak of
low-energy particle fluxes under low Kp conditions. Only at higher Kp does-the-broadening-levels does the expanding auroral
oval contribute to low-energy precipitation in subauroral regions. It is important to note that our observational methods are
limited to higher altitudes;-meaning-that-; thus, precipitating energetic electrons with an ionization peak below 80-km would
not be detected.

Increased background counts indicate an-a likely instrumental issue, such as erosstatkcontamination, even though the ab-

solute background flux-ceunts-levels remain low. The most likely-souree-of-inereased-probable source of elevated TED back-

ground counts is energetic electrons from the eleetronradiation belt. The elevated-background-eounts-increased background in
the TED 0° proton and TED 30° electron channels eeuld-may be attributed to the detectorstack’s-designdesign of the detector

stack.

The vertical channels may be used to derive atmospheric ionization. However, failing to correct for the contaminated subau-
roral peak—sueh-peak —such as in TED 0° proton band 11 (which registers twice the typical auroral proton flux)—weutd— would
result in subauroral thermospheric ionization rates reaching approximately 14% of the typical auroral electron ionization rates.
This underscores the necessity of a correction method.

Table 22-1 presents a preliminary latitude-based eut-eff-cutoff approach, limited to channels with a elear-eresstatk—clearly
identifiable contamination peak. While this method leads to an underestimation of the precipitating flux (area), erosstalk

contamination appears to be the

signals and can be addressed without introducing a longitudinal dependence.

dominant source of subauroral

flaxdevels—A detailed investigation of all particle channels and their individual contamination behavior (see Subsection 5.1

revealed that all channels are affected by a background count saturation level, above which the data should not be used. Lower
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envelopes of the contamination, as a function of background counts, have also been identified and may be subtracted as a flux

correction.

s-While many channels exhibit similar crosstalk responses
&W@M%mmwww&wmﬂe%%mﬂm%m
0° and 30? proton band 8 is schannels across all satellites
show a distinctly different contamination pattern compared to neighboring channels, leading us to recommend excluding these
channels from other studies (or at least using them with caution). The same applies to channels in which proton-induced
&EK%WWWM Sﬁmﬁmk%%ﬂﬂ%ﬂ%bmwgiﬂﬁ%ﬂ%mﬁ%

-Additionally, in some channels, the contamination
threshold is reached even within the auroral region, meaning that applying a simple threshold-based cut would significantly
impact the corrected flux.

The proposed channel- and satellite-specific corrections are summarized in Tables 2 and 3 and can be applied automatically
using a provided Python routine (see the auxiliary material for this paper). These corrections are based on TED band flux,
background counts. and L-shell, or alternatively allow for manual selection of protons or electrons as the contamination source.

Subsection 5.2 applies the Python routine to TED data from 2013, demonstrating (in Fig. 11) much better agreement

with SSUSI observations. Limitations of the correction include: a) negative (i.e., missing) data due to over-correction, which

primarily affects short-term binned proton data; and b) residual high subauroral proton fluxes, which may be either accurate
(e.g:, when compared to SSUSI F18) or inaccurate (e.g., when compared to SSUSLFI17).

Further studies may be valuable to assess the impact of fluctuations and determine whether a more aggressive correction is
warranted. Additionally, note that the correction functions are based solely on data from 2013 (and for MO3, on 2020); detector
degradation or different voltage settings may alter the contamination effect in other years. Therefore, follow-up studies are
encouraged.

Appendix A: Auxiliary Material: Python Code
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The Python routine TEDcorrection. contains the information from Tables 2 and 3 as well as the contamination type. It
rovides the suggested correction functions based on TED particle flux, background counts and L-shell as used in Fig. 11.

Appendix B: Note on Using TED Proton Data from Level 1b NetCDF Files

"ee

When processing TED proton data from the ““processed level 1b data™ format, special attention is required due to a minor
bug affecting all TED proton bands. Ideally, within a 16-second time frame, the data structure should follow the same format
as the TED electron bands:
Expected structure: {a,-1,-1,-1,b,-1,-1,-1,¢,-1,-1,-1,d, -1, -1, -1}
Here, a,b,c and d represent the flux values in units of 1/(cm?ssreV’), while -1 denotes an error code indicating no
measurement in those intervals.
Actual structure in the data: {a+b,-1,-1,-1,-1,-1,-1,-1,¢,-1,-1,-1,d, -1, -1, -1}
Although the data appears similar at first glance, it is crucial to note that the first time slot integrates over two time slots instead
of one. This discrepancy must be accounted for during data processing. Notably, this issue does not affect the older bin-format

data.
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