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1.  Introduction
When sunlight shines upon planetary atmospheres, energetic photoelectrons are excited and ejected from neutral 
atoms by the absorption of extreme ultraviolet solar radiation. Photoelectrons play a key role in many aspects 
of atmospheric physics; they are an important source of heat for the ionosphere and upper thermosphere (Shea 
et al., 1968); they strengthen the ambipolar electric potential drop generated by planetary ionospheres (Khazanov 
et al., 1997; Lemaire, 1972) which is critical to understanding the quiet time polar wind (Banks & Holzer, 1968) 
and its global structure (Glocer et  al.,  2017); photoelectrons are also important in magnetospheric physics, 
enabling field line tracing (Xu et al., 2017, 2021), and the measurement of planetary electric potentials (Coates 
et al., 1985; Coates et al., 2015; G. A. Collinson et al., 2016, 2017).

While photoelectrons are crucial to our understanding of Earth's ionosphere, they are produced at altitudes that 
are extremely challenging to explore in situ (Lee et al., 1980). Photoproduction peaks at approximately 130 km 
(see Figure 1), too high for aircraft and balloons, but too low for satellites to reach without propulsion to prevent 
re-entry. There is thus a paucity of observations from the peak of the photoproduction layer with which to 
compare with theoretical models. At Mars the photoproduction region is accessible to satellites due to the thinner 
atmosphere (Coates et al., 2011). However, recent observations by the Mars Atmosphere and Volatile Evolution 
(MAVEN) mission have not been consistent with current models of photoelectron thermalization, suggesting that 

Abstract  Photoelectrons are crucial to atmospheric physics. They heat the atmosphere, strengthen planetary 
ambipolar electric fields, and enhance the outflow of ions to space. However, there exist only a handful of 
measurements of their energy spectrum near the peak of photoproduction. We present calibrated energy spectra 
of pristine photoelectrons at their source by a prototype Dual Electrostatic Analyzer (DESA) instrument flown 
on 11 July 2021 aboard the Dynamo-2 sounding rocket (NASA № 36.357). Photopeaks arising from 30.4 nm 
He-II spectral line were observed throughout the flight above 120 km. DESA also successfully resolved the 
rarely observed N2 absorption feature. Below 10 eV observations were in good agreement with the GLOW 
suprathermal electron. Above 10 eV fluxes substantially deviated from the model by as much as an order of 
magnitude.

Plain Language Summary  We designed, built, and flew a new scientific instrument for the 
measurement of photoelectrons which are created when sunlight shines on the upper atmosphere. The 
instrument was launched on a suborbital rocket from NASA Wallops Flight Facility just before 2 p.m. on 11 
July 2021. The rocket flew to an altitude of 131 km before splashing down in the Atlantic Ocean 8 min later. 
The instrument gathered scientific data during the flight, measuring the energy spectrum of electrons in Earth's 
ionosphere. Historical observations of electron spectra at these altitudes are extremely rare, and are often 
uncalibrated and/or not archived. We present calibrated observations of the pristine spectra of Earth's electrons 
near their source as a reference for future computer modeling and exploration of Earth's ionosphere.
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electron thermalization processes in planetary thermospheres are not well 
understood quantitatively (Peterson, 2021).

The energy spectra of photoelectrons is very complex. Photoelectrons 
exhibit multiple sharp peaks from solar emission lines and a sudden drop 
off at ∼60 eV due to a cut-off in the solar spectrum near 16 nm (Mantas & 
Hanson, 1979; Nagy & Banks, 1970). Earth's photoelectrons also exhibit a 
trough in electron flux at around 2.5  eV resulting from the absorption of 
photoelectron kinetic energy via the collisional excitation of the N2 vibra-
tional mode (Nisbet, 1968). This trough-like N2 absorption feature is funda-
mentally unstable in space plasmas (which left alone naturally prefer to decay 
toward a Maxwell-Boltzman distribution) and must constantly be maintained 
through continuous collisional excitation with N2 molecules. While the N2 
feature can be consistently observed near to the photoproduction source, it 
disappears at altitudes above ∼265–300 km (depending on local zolar zenith 
angle) (Lee et al., 1980). Only a handful of measurements of the N2 absorp-
tion feature have ever been reported (Doering et al., 1976; Lee et al., 1980). 
The low energy of this feature makes it additionally challenging to measure 
since (a) the gyroradius of these electrons (≈10 cm) approaches the size of 
most spectrometers, and (b) measurements at these low energies can easily be 
contaminated by electrons originating from either the spacecraft or the sensor 
itself (Peterson, 2021).

The energy spectra of photoelectrons was measured from orbit by Atmospheric Explorer-C (Peterson et al., 1977) 
and then by Atmospheric Explorer-E (AE-E) (Doering et al., 1976; Jasperse & Smith, 1978; Lee et al., 1978, 1980; 
Peterson et  al.,  1977). However, these spacecraft could only study the topside of the photoproduction region 
(Figure 1) where the energy spectrum has evolved with increasing altitude due to electron-electron collisions, 
transport, and physical instabilities. Also, the best of our knowledge, these data were not archived in sufficient 
resolution to resolve fine spectral features such as the individual photopeaks or the N2 feature.

Apart from the topside measurements by AE-E (Lee et  al.,  1980), only a handful of rocket missions have 
successfully returned data from the photoproduction region (e.g., Hinteregger, 1960; Shea et al., 1968; Doering 
et  al.,  1970), however very few have successfully observed the low-energy N2 absorption feature. Hays and 
Sharp (1973) built a hyperbolic electrostatic analyzer that was specifically designed as a low-energy Photoelec-
tron Spectrometer. They launched it on NASA sounding rocket № 13.051 on 8 February 1971, from the White 
Sands Missile Range, to an altitude of 265 km. While the instrument resolved the N2 absorption feature, the 
launch occurred just past dawn, and thus much of the flight were under effectively night-time conditions and not 
representative of the main dayside photoproduction region. McMahon and Heroux (1978) launched a cylindrical 
electrostatic analyzer aboard a rocket (also from White Sands) on 28 February 1976. This mission successfully 
resolved the N2 absorption feature near local noon, but their instrument was not calibrated, and thus the fluxes 
reported were all relative and not absolute.

Here we present calibrated observations from near the peak of Earths photoproduction region from an experi-
mental plasma analyzer. The observations were made at 130.85 km on a Black Brant IX rocket (NASA № 36.357 
Dynamo-2) launched from NASA's Wallops Flight Facility on 11 July 2021 at 17:56 GMT (13:56 local time). The 
instrument, called the Dual Electrostatic Analyzer (DESA), successfully measured the energy spectra of photo-
electrons between 0.5 eV and 1 keV at an energy resolution of 16% ΔE/E. This paper is organized as follows. In 
Section 2 we describe the DESA sensor and its performance. In Section 3 we give an overview of the flight of 
DESA aboard rocket № 36.357 Dynamo-2. In Section 4 we present the results from the flight and compare them 
to the GLOW superthermal electron model. Finally, in Section 5 we summarize the results and our conclusions.

2.  The Dual Electrostatic Analyzer (DESA) Instrument
2.1.  Dynamo-2 DESA Objectives

DESA is a new type of plasma analyzer that has been specifically designed to measure the energy spectrum of 
electrons near planetary bodies. Eight DESA sensors flew recently (11 May 2022) aboard NASA's Endurance 

Figure 1.  Photoelectron production as a function of altitude in the dayside 
ionosphere according to calculations using the GLOW superthermal electron 
model.
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rocket mission (G. Collinson et al., 2022) (NASA № 47.001). Another DESA sensor is manifested to fly on 
NASA's 6U Dione CubeSat. In order to gain invaluable flight experience prior to these missions, a prototype 
sensor (serial number DESA-NX-02A, Figure 2b) was flown as a hosted payload aboard one of the two Dynamo-2 
rockets (NASA № 36.357).

Prior to launch, Dynamo-2 was predicted to reach apogee somewhere between 121 km (2σ low) and 148 km (2σ 
high). Should the rocket fly low, it could have fallen just short of entering the photoproduction layer, in which 
case DESA may not have returned useful scientific data. Thus, the primary objective of the Dynamo-2 DESA 
experiment was to gather engineering data and evaluate the performance of its novel optics and new electronics 
in spaceflight.

However, should Dynamo-2 fly high, or even just attain its nominal apogee (135 km), then this would put it near 
the peak of the photoproduction region. Thus, the DESA-NX-02A sensor was configured as a very low-energy 
(0.51 eV–1 keV) photoelectron spectrometer in the hopes of achieving a secondary objective of measuring the 
energy spectra of electrons near the photoproduction peak, with a tertiary objective of attempting to resolve the 
seldom-seen N2 absorption feature.

2.2.  DESA Sensor Description

2.2.1.  Hybrid Optics

DESA is a new kind of hybrid plasma spectrometer, the full operational principal of which is described by G. A. 
Collinson et al. (2018). Figure 2a shows a cross-section through the prototype flown aboard Dynamo-2. Elec-
trons entering DESA (Figure 2a) first traverse a “Top Hat” electrostatic analyzer (ESA) (Carlson et al., 1982). 
The ESA provides an initial broad bandpass energy filter to incoming electrons, and scans over the full energy 
range (0.5 eV to 1 keV) in logarithmic steps. Electrons then pass through a high-resolution Retarding Potential 
Analyzer (RPA). This feature of the instrument was not used for the purposes of this study, and all data shown 
were taken with the RPA grounded and functioning purely as a beam guide.

Simulations of the response of top hat analyzers to magnetic fields by Clark et al. (2016) showed that as long 
as the magnetic field is aligned with the aperture (and incident flux of plasma), then the energy selection of a 
top-hat analyzer is unaffected. DESA optics have been designed to use this inherent property of top hat ESAs to 
correctly measure the energy of electrons down to 0.5 eV without the need for magnetic shielding, as long as its 
aperture/boresight is aligned with the magnetic field. The only caveat is that Earth's magnetic field twists the path 
of incoming electrons as they pass through the ESA (as per Clark et al. (2016)). Thus, while DESA can measure 
down to 0.5 eV in energy, these electrons are coming from an azimuthal angle of as much as 20° in azimuth (out 
of the page with respect to Figure 2a), depending on the energy of the electrons and the local magnetic field 
strength. This was not an issue for this flight to the photoproduction layer where the electron population under 
study should be close to isotropic.

2.2.2.  Electron Detection

Having traversed the optics, electrons fall into a Channel Electron Multiplier (CEM) which creates an avalanche 
of charge with a gain of ≈1 × 10 8. This pulse of charge is amplified and then goes through a discriminator after 
which a count is registered. DESA is designed to accommodate two CEMs, so that the instrument may simulta-
neously measure electrons from two opposing directions (field aligned and anti-aligned). However, on this test 
flight, only one CEM was flown. The housing of the sensor included a nozzle for the hook-up of a dry nitrogen 
purge line to keep the inside of the sensor (and the CEM) dry when the DESA sensor was being integrated with 
the rocket on the ground. Operation of high voltage charge amplifiers at low altitudes brings the risk of electro-
static high-voltage breakdown. To attempt to minimize this risk, DESA was left off until the spacecraft passed 
120 km in altitude using a pre-programmed timer. DESA then gathered good data from that point through apogee 
(131 km) and for the entire downleg until below 90 km on re-entry.

2.2.3.  Support Electronics

The DESA-NX-02A sensor contained three electronics boards. The Front End Electronics (FEE) board included 
mounting space for two CEMs, two pulse amplifier and discriminator circuits, and a daughter board containing 
a 3 kV HV supply for the CEMs (potted inside a shielded box). Below this was a board which generates and 
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Figure 2.  The Dual Electrostatic Analyzer (DESA) experiment: (a) Cross-section of DESA sensor showing main components. (b) photograph of the prototype 
DESA sensor (serial number NX-02A) just prior to delivery. (c) Photograph of DESA-NX-02A mounted on the Dynamo-2 rocket (NASA № 36.357). Bottom three 
panels show calibration data from the sensor. (d) Variation in counts as a function of elevation angle and voltage on the electrostatic analyzer. (e) Energy response; (f) 
Elevation Response.
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regulates the voltages on the optics. At the bottom of the sensor was a digital card containing an FPGA which 
controls the FEE and stepper board and sends out counts and housekeeping data. Finally, the DESA sensor was 
supported by a main electronics box mounted to the body of the rocket which provided the regulated low voltages 
required by the sensor and fed its data into the rocket's telemetry system.

2.2.4.  Accommodation

The prototype DESA-NX-02A sensor was mounted on the end of a short ∼50  cm fiberglass hinged boom 
(Figure 2c) to get it as far outside the contaminating plasma-sheath of the rocket as possible. For a 1.37 × 10 6 cm −3, 
525 K thermal plasma at 131 km the electron debeye length (and thus the approximate thickness of the sheath) 
is 0.43 cm. The 50 cm length of the boom enabled DESA to measure electrons up to ∼48 eV without being 
impinged by the spacecraft body by gyroradius effects. The boom was wrapped in copper tape to be conductive 
and at the same potential as the skin of the sensor and spacecraft. Dynamo-2 was a spinning spacecraft, whose 
spin-axis was physically aligned to the magnetic field during flight by the on-board attitude control system. The 
DESA sensor was mounted so that its aperture would align with the spin axis, and hence the ambient magnetic 
field. The single working aperture was pointed upwards to look toward space after deployment.

The DYNAMO-2 main spacecraft included a Swept Langmuir Probe (SLP) which for the purposes of this study 
was used to measure the electrical potential difference between the ionospheric plasma and the spacecraft. Effec-
tively identical to that flown on the DYNAMO-1 mission (Pfaff et  al.,  2020), this SLP was mounted on the 
spin-axis of the spacecraft. The VxB electric fields of 40 – 50 mV/m encountered during this experiment due 
to the rocket's motion across the ambient magnetic field direction would result in small voltage variations of 
±20 – 25 mV (varying sinusoidally with the payload spin period of ≈2 s) at the DESA location which would 
produce very small changes to the DESA applied voltages. The chassis of the DESA sensor was electrically 
grounded to the main spacecraft, and hence, would be at the same reference potential as the Langmuir probe.

2.3.  Calibration

The DESA-NX-02A sensor was calibrated at NASA Goddard Space Flight Center in the same facility as the 
Fast Plasma Investigation for the Magnetospheric Multiscale Mission (Pollock et al., 2016). Figure 2d shows an 
Energy/Angle plot of the counts detected as a function of the voltage on the electrostatic analyzer and elevation 
angle. Following G. A. Collinson et al. (2012), this data product was used to calculate a geometric factor of the 
instrument of 𝐴𝐴 1.4 × 10−4

(

𝑐𝑐𝑐𝑐
2
𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠 ∕𝑒𝑒𝑒𝑒

)−1 . By integrating this scan over all elevations, we find that DESA has a 
Gaussian energy acceptance bandpass (Figure 2e, typical for a top hat analyzer) with an analyzer constant (energy 
sampled divided by voltage applied to ESA) of 3.64, and energy resolution of 15.9% ΔE/E. DESA has a fixed 
field of view of 14.7° elevation (Figure 2f) by 17.8° in azimuth (not shown for brevity).

3.  Overview of the 36.357 Dynamo-2 Mission
Dynamo-2 (NASA N 36.357) launched from NASA's Wallops Island Flight Facility, Wallops Island, VA, USA at 
17:56:00 Greenwich Mean Time (GMT) on 11 July 2021 (local time of 13:56:00). The payload was launched on 
a two stage solid-fueled Black Brant IX launch vehicle, with a Terrier Mk 70 booster stage to lift it off the launch 
pad (Figure 3a), and a Black Brant VC main stage to lift it to space. The nosecone was jettisoned at 17:57:28 
GMT (at approximately 75 km on the upleg), with the DESA boom successfully deploying 2 s later and locking 
into its flight configuration (boom at 90° to the payload spin-axis).

An on-board timer powered the DESA-NX-02A sensor 151.14 s after launch at an altitude of 122.4 km on the 
up-leg. Figure 3b shows the altitude above sea level of 36.357 Dynamo-2 during DESA operation. Apogee was at 
130.85 km at 17:59:14 GMT (1:59:14 ET local time). DESA continued to be fully functional until an altitude of 
∼88 km on re-entry, at which point the rising air pressure caused high-voltage breakdown. The rest of the sensor 
continued to function for nearly a minute until the spacecraft hit the bulk of the atmosphere and all data ceased. 
Around 18:04:12 GMT, the Dynamo-2 payload impacted the Atlantic Ocean near 36.627°N, 72.550°W, coming 
to rest in approximately 3,480 m of water.

 19448007, 2022, 17, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2022G

L
098209 by E

m
bry-R

iddle A
eronautical U

niversity, W
iley O

nline L
ibrary on [29/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Geophysical Research Letters

COLLINSON ET AL.

10.1029/2022GL098209

6 of 11

4.  Results
DESA operated in multiple interleaved modes over an ∼8 s duty cycle consisting of 157 voltage steps on the 
optics. This study focuses on only the 52 steps associated with the operation of the ESA which returned useful 
science data. We shall first present an overview of all data collected in this mode and then focus on the four 
cleanest spectra taken near to apogee.

Figure 3.  (a) Launch of 36.357 Dynamo-2 (NASA Wallops/Allison Stancil); (b) Altitude of 36.357 during DESA operation; 
(c) Calibrated electron fluxes, uncorrected for background counts or spacecraft potential.
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4.1.  Data Overview: Time Versus Energy Electron Spectrogram

Figure 3c shows a time-energy spectrogram of DESA observations, whereby the color denotes log10 of differen-
tial energy flux. These data have been calibrated from raw counts into flux. The final correction of these spectra 
for spacecraft potential will be discussed shortly. Three features are prominent in the DESA spectrogram. First, 
a narrow band of electron emission near ≈20 eV with fluxes peaking at 𝐴𝐴 ∼ 1 × 107𝑒𝑒𝑒𝑒

(

𝑐𝑐𝑐𝑐
2
𝑠𝑠 𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠

)−1 . This is 
extremely consistent with the cluster of photopeaks expected from photoionization of oxygen and nitrogen by 
the bright He-II 30.4 nm solar emission line (Coates et al., 1985; Doering et al., 1976; Lee et al., 1980). The 
photopeaks were observed immediately upon switch-on of the instrument at 122 km, and were clearly observed 
throughout the flight until the rocket descended back below ∼120 km. A broader population of superthermal elec-
trons was also observed near ≈4 eV. This bulk population of low energy electrons is an admixture of secondary 
electron production, photoproduction, and electron cascading from higher to lower energies through collisions 
(Khazanov, 2010).

Also occasionally visible at low energies (<4 eV) was contamination from photoelectrons generated inside the 
instrument. The spinning of the rocket caused light to strobe off and on inside the sensor, with the most contam-
ination being observed when DESA was at a roll angle of ±90°. We posit that it was at these angles that sunlight 
could illuminate the inside of the ESA, resulting in photoemission from its metal surfaces. The 8.0 s duty cycle of 
the instrument was almost, but not quite, in phase with the 2.14 s spin rate (0.47 Hz) of the rocket, and thus in the 
time it took for DESA to be rotated back to an angle where it would be contaminated, the instrument hadn't quite 
reached the same point in its stepper table. The result is that the contamination appears in progressively lower 
energy bins over the flight in Figure 3c.

This spin-aliased energy-dependent contamination is challenging to separate automatically and the best approach 
for further analysis is to examine each scan individually.

4.2.  Examination of Spectra Measured Near Apogee

Figure 4 shows the 4 scans of DESA-NX-02A which were least contaminated, which fortuitously occurred around 
apogee.

4.2.1.  Spacecraft Potential Correction

The dashed dark blue lines on Figure 4 show the same calibrated (but uncorrected) data as Figure 3c. Using 
measurements from a swept Langmuir Probe carried aboard 36.357 Dynamo-2, the potential difference between 
the spacecraft and ambient plasma was calculated for each of these sweeps. These spectra were then corrected 
for this potential using Louiville's theorem (converting through phase space density). For a full description of 
this  technique, see for example, G. A. Collinson et al. (2016), Supporting Information S1.

4.2.2.  Identification of Possibly Contaminated Datapoints

Ideally, the background contamination due to photoelectrons generated inside DESA would be completely 
removed from these spectra before calibration. However, this is challenging for the Dynamo-2 flight. First, 
secondary/photoelectrons have a natural energy dependence, and so the amount of contamination naturally varies 
from one energy bin to the next. Second, as mentioned above, the amount of contamination varied greatly over 
the 2.14 s spin of the rocket as the sun strobed off and on inside the instrument, with most contamination at roll 
angles >±90°. It is thus difficult to reliably subtract these spikes in internal photoelectron contamination, since it 
is not a constant value or simple function.

However, to identify which datapoints are more likely to be contaminated by photoelectrons generated inside the 
DESA sensor, the calibrated and corrected data product was then separated into two; (a) Periods when the DESA 
sensor was at a roll angle <±90° represent the best quality data that are the least likely to be contaminated (thick 
dark blue, Figure 4); (b) roll angle >±90° and thus more likely to be contaminated (light blue line, Figure 4). 
However, it is key to stress that the data points labeled “more” reliable (dark blue) are still likely to be contam-
inated to some extent. Photoelectron contamination was most predominant below 5 eV, and thus measurements 
above this energy are colored in dark blue (least contaminated).
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Figure 4.  (a–d) Calibrated electron spectra from near apogee, corrected for spacecraft potential from the Dynamo-2 Langmuir probe. The DESA sensor successfully 
resolved and measured several key spectral features that are predicted by models. (e–h) Ratio of flux measured during the flight to that predicted by the GLOW model/
instrument model.
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4.2.3.  Comparison of DESA Results to GLOW Model Prediction

For direct comparison with flight data, the GLOW simulations were put through an instrument simulator which 
mimics the Gaussian response function of the DESA-NX-02A ESA (Figure 2f) to create a synthetic data product 
(red dashed line, Figures 4a–4d).

Figures  4e–4h show the ratio between the flux measured by DESA to that predicted by the combined 
GLOW + instrument models (orange line). Below ∼10 eV observations were are generally consistent with the 
prediction. In particular, the fluxes and overall shape of the low energy population of secondary and photoelec-
trons are in generally good agreement (mean ratio 1.62 ± 0.3 between 3 eV and ≈10 eV). Below 3 eV, the ratio 
deviates from 1 by up to an order of magnitude due to the above-described contamination in the sensor from 
photoelectrons generated internally within DESA.

Between 10 and 30 eV, measured fluxes diverge from GLOW by up to an order of magnitude. One explanation for 
this may be that DESA is also observing photoelectrons from an additional source in the magnetically conjugate 
southern hemisphere (Peterson et al., 1977) (Solomon et al., 2020). In order to make a first-order estimate of this 
additional contribution of photoelectrons we repeated the GLOW simulations, taking the upward fluxes at the top 
of the model and using them to set the downward flux. This downward flux was multiplied by a plasmaspheric 
transparency factor which was crudely estimated to be 20% for energies below 20 eV, 30% for energies between 
20 and 30 eV, and 40% for energies above 30 eV. The solution was iterated until convergence was achieved. The 
purple line in Figures 4e–4h shows the ratio of the data to the model with this additional source of conjugate 
hemisphere photoelectrons. In general, we find the comparison improves distinctly in the tail of the distribution 
(>9 eV). However, the agreement at lower energies is worse. For now we can only conclude that conjugate photo-
electrons may resolve some of the discrepancy above 9 eV, but more detailed studies would be needed to include 
this effect at lower energies.

A second explanation might be that uncertainties ionization cross sections and incoming photon flux may contrib-
ute to the discrepancies between the data and model. This is a prime topic for analysis of measurements by the 8 
DESA sensors of the recently launched Endurance rocket (G. Collinson et al., 2022).

4.2.4.  Likely Detection of N2 Absorption Feature

All four scans show evidence of erosion in flux near 3 eV, corresponding to the N2 absorption feature observed 
by AE-E and previous rockets (Hays & Sharp, 1973; Lee et  al.,  1980; McMahon & Heroux, 1978; Peterson 
et al., 1977). However, to our knowledge, these are the first calibrated measurements of this feature from near 
the peak of the photoproduction region. The N2 absorption feature was best resolved in the scan (Figure 4d), 
taken just after apogee. DESA measurements reveal that the drop in electron flux is sharper than predicted by the 
GLOW model, with a reduction in flux of nearly two orders of magnitude at 2.5 eV.

4.2.5.  Detection of He-II Photopeaks

All four scans exhibit a peak in flux near 22 eV associated with the He-II photopeaks (as Figure 3c). DESA 
is unable to resolve the individual peaks with the 16% ΔE/E resolution of its ESA alone. The result is a single 
merged peak which has been observed at planetary ionospheres throughout the solar system (for example, Coates 
et al. (2015)). The energy of the observed peak diverges from that in the GLOW + Instrument model, strongly 
motivating future model/data comparisons with the Endurance DESA data set.

5.  Summary and Conclusions
We present new observations of the energy spectra of superthermal electrons from near the peak of Earth's 
photoelectron production layer. Data from this region is extremely rare, being too high for aircraft but too low for 
satellites. Thus, there exist only a handful of past rocket-borne observations, none of which are archived and/or 
calibrated and corrected for spacecraft potential.

The new measurements were made by a prototype for the new series of Dual Electrostatic Analyzer (DESA) 
instruments. The sensor (serial number DESA-NX-02A) was flown aboard NASA's 36.357 Dynamo-2 rocket, 
launching from NASA's Wallops Flight Facility on 11 July 2021 near 2 p.m. local time.
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Apogee was at 130.85 km, near the peak of photoelectron production where DESA successfully measured several 
hallmark spectral features. The He-II photopeaks were detected as a single merged peak throughout the flight 
when above 120 km. For the first time in over 40 years DESA successfully resolved the 2.5 eV N2 absorption 
feature, for which we only have a handful of previous measurements, and never before a fully calibrated measure-
ment in the peak of the source region.

Measurements below 3 eV were heavily contaminated by photoelectrons produced inside the sensor. This was 
challenging to subtract on this flight as the degree of contamination was dependent not only on energy but also 
with the roll of the rocket. In response to this, subsequent DESA sensors feature a light-tight cover over their 
optics and a mode to measure contamination as a function of energy.

There was generally good agreement between DYNAMO-2 DESA measurements and the GLOW superthermal 
electron model below ∼10 eV for the bulk population of secondary electrons and photoelectrons (Khazanov, 2010). 
Above ∼10 eV, measured fluxes diverged from the GLOW model began to substantially deviate, with an order of 
magnitude higher fluxes at 30 eV than predicted. Investigating this disparity is a prime topic for analyzing data 
from the DESAs aboard the Endurance rocket (NASA № 47.001) (G. Collinson et al., 2022). The engineering 
lessons learned from Dynamo-2 enabled future DESA sensors to have higher resolution, improved signal to noise, 
and less contamination.

Data Availability Statement
Dynamo-2 DESA data is available at https://spdf.gsfc.nasa.gov/pub/data/aaa_sounding_rockets/dynamo2/ and 
https://cdaweb.gsfc.nasa.gov/pub/data/aaa_sounding_rockets/dynamo2/.
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In the originally published version, “(0.5 eV–1 keV)” appeared incorrectly at the end of section 2.1 as "(0.5 keV),"  
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tative version of record.
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