Precipitating Energetic Electrons at high Latitude:
PEEL data from HotPay-2 mission.
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Abstract: Data recorded by PEEL instrument during the flight of
the HotPay-2 sounding rocket launched from Andoya Rocket
Range (Lat. 69°.18'N, Long. 16°.01'F on 31-JAN-2008 at
19:14:00 UT are discussed. After the brief description of the
instrument, its possibilities and limitations to measure energetic
electron flux in the upper atmosphere, the profile of counting rate
obtained by the three detectors in four energy channels is
presented. During the epoch of solar activity minima and
relatively low geomagnetic activity, the detectors with given
geometrical factor providerelatively low counting rate.

1. INTRODUCTION

The energetic electrons precipitating into the aphere are
subject of study for long time (e.g. [1-6] amonders). The
fine structure of the electron fluxes at high ladi#és within the
local loss cone were observed e.g. in papers [H8{Pay-2
provides a possibility to observe the energetictedas at high
latitudes below the altitude accessible from si&tsll

After short description of the PEEL instrument present
the first results of the measurements during thelket mission
and discuss the results obtained.

2. THEELECTRONSENSOR

The PEEL electron sensor is based on a solid staface-
barrier silicon detector with active area of 25 mamd the
depleted layer thickness of 3@@n. There is a mylar foil with

thickness of 3um installed in the detector entrance window

that suppress entering of the ions to the detettoz. electron
flux is collimated with conical collimator with sated and
blackened surface. The collimator provides a cdrfield of
view of 38° (fwhm), the overall sensor geometryyides the
geometrical factor of 0.077 émr. The detector works in fully
depleted mode under the bias voltage of 70 V. Titpeak of
the detector is processed with charge sensitivatrelscs.
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Fig. 1. Construction of the electron sensor

3.RECORDINGOFTHE ANGULAR DISTRIBUTION
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Fig. 2. Field of view of individual sensorsrelated to the rocket

spin axis.



The recording of the angular distribution of theatton flux is
provided by using of 3 identical electron sensomunted at
the angles8;=20°, 6,= 80° and6;= 140° to the spin axis
respectively. The relatively fast rocket spinnidgs{) and fast
temporal sampling of the PEEL device (62.62 samples)

mounted to the box with wedge-shape adapters toigeo
required angular orientation. The PEEL unit wadaifed in
the nosecone part of the rocket to provide requfireel field of
view for all sensors. The nosecone aerodynamiclcsiiias
been jettisoned after 60 seconds of flight at ttitude of 71

provides division of the azimuth plane to 15 sextdthus, the
total angular coverage is 160° x 360° divided t® 35 = 45
sectors.

4. RECORDING OF THE ENERGY DISTRIBUTION

Figure 3 describes electricdkesign of the PEEL instrument.
The signal from each semiconductor detector iprnoeessed
by a low noise charge sensitive preamplifier, as@wmplifier
and a shaping amplifiert(= 1 us). The stack of four
discriminators provides discrimination to corresgiog
energy levels 30 keV, 60 keV, 120 keV and 240ke\
respectively. The physical calibration was providadusing
of *°°Cd radioisotope (a source of conversion electroits w
energy 62 keV and 84 keV). A simple hardware ctrgui
provides triggering and sampling of the individeakents for
the microcontroller. The microcontroller provideslection of
the event data, formatting of the data frames an
communication with the rocket telemetry. The telagne
signals are galvanically separated with fast opiptars, the
powering of the device is provided with galvanigaleparated
DC-DC converter.
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Fig. 3. Electrical design of the PEEL instrument

5.MECHANICAL DESIGN

The PEEL is designed as a compact unit with alkefeetronic
subsystems located on a single printed circuit codihe
placing of the low-noise charge sensitive circuitogether
with high-level digital and powering electronicequired
careful design and shielding policy. The unit cetssof a flat
metallic box with three external cylindrical sersdhat are

km.

Fig. 4. Mechanical design of the PEEL instrument

6. PEELBASIC SPECIFICATION

Weight

Dimensions

Power

Sampling frequency
Temporal resolution
Angular coverage
Sensor field of view
Geometrical factor

0.96 kg

226mm x 124mm x 77mm
2.1W (75mA/28V)

62.62 Hz

15.97 ms

160° x 360° (3 x 15 sectors)
38°(fwhm) / 50° (max), corlica
0.077 éan

SS-Detector thickness 3@in

Mylar foil thickness
Energy channels

Dynamic range
Telemetry rate

3um (+ 150 nm aluminium)
30 - 60 keV
60 — 120 keV
120 — 240 keV
240 keV - ~ 350 keV
2.6 x foent.s.sr)t
32051 bps



7. MEASUREMENT

Figure 5 presents the plot of 1 sec sums of cogniite of
detector 1 in channels 1-4 during the flight. Fegéris a plot
of the flight trajectory. In addition, L parameteradded.
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Fig. 5. The temporal profile of the sum of 4 energy channels of
the detector 1 during the flight. The x-axis is in seconds after
the launch at 19.14.00 UT on January 31, 2008. The 1 sec
data were produced from 10 ms measurements available.

Relatively low flux of energetic electrons was atvsel during
the flight and thus the angular distribution is established
from the existing data in the presentation here.e Th
observations of precipitating electrons and X ralyserved at
the same site in a pulsating aurora indicate thedpic flux of
electrons in the energy range 10.8 — 250 keV ahit@e
(cnf.s.sr)! (Fig. 11 of paper 6]. Using the geometrical factor
0.077 cm.sr of the PEEL and assuming the e-folding energ
of the order of 10 keV and higher energy threshaflPEEL
with respect to the detector described in [5], highest pulse
(event 1 in Fig.5) gives the value of >10.8 ke\t#iens of the
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order of 2.16 which is by factor ~10 lower than what was Fig. 6. The HotPay-2 flight trajectory and L - parameters

observed during the strong geomagnetic activity [5]

The launch of HotPay2 was at different geomagnetic
conditions, so we can just report the estimatethefluxes of
electrons during different phases of the flight relatively
quiet conditions. The values presented in Fig. dukh be
multiplied just by factor 13 to obtain the estingatd flux in
units (cnt.s.sr)".

The maximum flux of > 30 keV electrons is obsendedling

the event 1 (~2.70(cnt.s.sr)') at about 80-100 km. Its
averaged value is decreasing with the altitudén¢olével ~10

— 20 and it is again increasing with the decredsdtitude.

The three increases marked in Figure 5 have tHewfiolg
energy spectra composition and downward to upwatio at
the low energies as shown in Fig. 7, 8 and 9.
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Fig. 7. The profiles of electron flux on detector 1 at 4 different I
energies for the event 1 marked in Fig. 5. The change of
energy spectra shape is seen from lower panel (ratio of L
channel 1 to 3 is varying by more than 2 orders during the [
event.
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Fig. 8. The profiles of counting rate at different energies of
detector 1 during the events 2 and 3



8. CONCLUSION [10] M. Friedrich, M. Fankhauser, A steady-state modettieD- to F-
region of the polar cap, Advances in Space ResgAxctilable online 5

March 2008
The first results obtained from PEEL measuremeantig the
HotPay-2 campaign indicates:

1. Low level of energetic electron fluxes > 30 kddfing the
whole flight in comparison with more active periods
observed. The variability is ~ 10 — 2.>Hurring the flight.

2. Short spikes have rather variable energy spectra
Comparison with optical emission measurements may b
important for understanding possible relations Isimo those
discussed e.g. in paper [9]. Also data from electensity
measurements profile and/or model (e.g. in [10§peeially

for spikes of energetic electrons observed, areortapt in
physical analysis.

3. The ratio of upward to downward flux (precipitgt to
backscattered particles is generally above unitg ats
variability is also remarkable. It is consistenthwdbservations

[6].
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