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Abstract (in French) 

Nous savons que la magnétosphère interne de la Terre est une région dans laquelle les 
particules de plasma ont une gamme d’énergie de quelques eV à 10 MeV.  Malgré de 
nombreuses mesures prises in situ par des satellites au cours des dernières décennies, la 
magnétosphère terrestre interne est toujours une région difficile sur le plan de la 
recherche scientifique, particulièrement dans le domaine de la dynamique des plasmas 
spatiaux.  Cependant, cette région est très importante comme laboratoire naturel pour 
étudier l'accélération de particules à haute énergie directement dans le champ dipolaire, 
les activités humaines dans l'espace, ainsi que la prévision météo de l'espace.  Par 
conséquent, une mission d'exploration japonaise appelée Energization and Radiation in 
Geospace (ERG) sera lancée au cours du prochain maximum solaire autour de 2014 pour 
observer simultanément les particules énergétiques ayant une large gamme d'énergie et 
de champ électromagnétique et des ondes de plasma. 
 
La mesure des électrons de haute énergie est la clé de cette mission. Un instrument 
pour la mesure des électrons de haute énergie (High Energy Particle instrument for 
electrons: HEPe) sera développé avec un détecteur à l’état solide (Solid State Detector : 
SSD). HEPe a trois ensembles avec un champ de vision (FOV) de plus de 60 ° x 10 ° 
chacun, et peut couvrir un angle solide de 4π stéradian avec une révolution complète. 
Un Single-Sided Strip Silicon Detector (SSSD) est utilisé pour récupérer l'information 
angulaire des particule avec une résolution de 10 ° x 10 °. Afin de couvrir la gamme 
d'énergie de 50 keV à 2 MeV, deux détecteurs ayant des géométries différentes mais 
des structures similaires sont conçus pour chaque ensemble : HEPe-Low (50 keV - 1 MeV) 
et HEPe-High (700 keV - 2 MeV). Un film d'aluminium de 12�m plus une mince couche 
de SSSD est utilisé dans HEPe-Low pour la discrimination de la contamination par les 
ions. Une feuille d'aluminium de 250μm est utilisée dans HEPe-High pour éliminer les 
électrons d'énergie inférieure. Tous les détecteurs sont intégrés dans une forme de 
cylindre et la taille totale est inférieure à 200 mm de diamètre. 
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Abstract 

It is known that the Earth’s inner magnetosphere is the region where plasma particles 
have a wide range of energy from a few eV to 10 MeV. Though abundant in situ satellite 
measurements have been made in the past decades, the Earth’s inner magnetosphere is 
still an unclear region in terms of scientific investigation, particularly in the area of space 
plasma dynamics. However, this region is very important as a natural laboratory where 
high-energy particle acceleration can be directly measured in the dipolar field 
configuration, and also for human activities in space including space weather prediction 
as well.  Therefore, a Japanese exploration mission termed Energization and Radiation in 
Geospace (ERG) was decided to be launched in the coming solar maximum around 2014 
to observe the energetic particles with a wide range of energy, electromagnetic field 
and plasma waves simultaneously. 

Measurements of the high energy electrons are the key in this mission. A High Energy 
Particle instrument for electrons (HEPe) will be developed with Solid State Detector 
(SSD). HEPe has three assemblies with a field of view (FOV) of more than 60° x 10° each, 
and therefore can fulfill a 4π steradian coverage after one full spin period. The Single-
sided Strip Silicon Detector (SSSD) is used so as to give the angular information of the 
particle with an angular resolution 10° x 10°. In order to cover the energy range from 50 
keV to 2 MeV, two sensor heads with different geometry factors but similar structures 
are designed for each assembly, called HEPe-Low (50 keV – 1 MeV) and HEPe-High (700 
keV – 2 MeV) respectively.  A 12�m aluminum film plus a thin layer of SSSD is used in 
HEPe-Low for the discrimination of ion's contamination. A 250�m aluminum foil is used 
in HEPe-High for the elimination of the lower energy electrons. All the sensor heads are 
integrated in a cylinder shape and the total size is less than 200mm in diameter.  
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1. General introduction  
 
1.1 Scientific Objective 

1.1.1 Earth’s magnetosphere, radiation belt and ring current 

The solar system is filled with charged particles, such as electrons, protons, as well as 
heavy ions from solar wind blowing.  However, this plasma stream interacts with and is 
deflected by the intrinsic magnetic field of a planet and thus solar wind cannot get close 
to the magnetized planet. Magnetosphere is then formed around the Earth, as well as 
the other planets with intrinsic magnetic fields such as Mercury, Jupiter, etc. 

The dipolar magnetic field of planet has a field strength minimum at the equator and 
converging field lines at the Polar Regions. Charged particles perform gyro motion, 
bounce motion and drift motion and thus trapped by such field (Figure 1). Therefore, 
some high energy charged particles from the solar wind leak into the magnetosphere 
and become the source of the charged particles trapped in the radiation belts. 

 

 

Figure 1: motions of the charged particle in a dipolar magnetic field 

 

The Earth’s radiation belt is a torus region where energetic charged particles are 
trapped, and is first observed by Van Allen et al. It splits into two distinct belts, with 
energetic electrons forming the outer belt and a combination of protons and electrons 
forming the inner belt. 

As mentioned above, charged particles suffer a drift motion via the magnetic 
curvature/gradient drift. Energetic ions drift westward and energetic electrons drift 
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eastward around the earth. As the energy density of the radiation belt is not isotropic 
and uniform; the longitudinal drift of the ions and electrons create a westward ring 
current around L~3.5.  

 

1.1.2 Energization and Radiation in Geospace (ERG)  

Though abundant in situ satellite measurements by CRRESS, SAMPEX, NOAA, Akebono, 
etc. have been done in the past decades, the Earth’s inner magnetosphere (inside 10 
earth radius Re, so called Geospace) is still a “missing” region in terms of scientific 
investigation, particularly in the area of space plasma dynamics. This is because there 
have been few satellites that simultaneously measure magnetic and electric fields and 
plasma moments and composition over a broad energy range in the geospace near the 
equatorial plane.  

However, Geospace is very important as a laboratory where high-energy particle 
acceleration can be directly measure in the dipolar field configuration, as well as for 
human activities in space including space weather prediction. The energetic particles 
widely distributed in Geospace are accelerated in the radiation belt and drastically 
change their characteristic energy, flux, and location according to solar-terrestrial 
interaction effects. The radiation belt is surrounded by or coexists with both ring current 
region consisting of high-energy (about 10 to several hundreds of keV) ions and 
electrons and plasma sheet characterized by its hot (a few hundreds of eV to tens of keV) 
plasma population. This multi-sphere space system has conspicuous energy-layered 
structures/distributions, which fundamentally drives typical plasma processes in the 
Geospace, like the auroral emissions in the polar ionosphere, the particle accelerations, 
the plasma wave excitation, and so on. 

It is essentially to have in situ plasma/particle measurements covering a wide energy 
range from a few eV up to several tens of MeV as well as the magnetic/electric and 
plasma wave measurements to understand the cross-energy couplings for acceleration 
and loss processes of relativistic particles as well as the environmental variation of 
geospace during space storms,. Therefore, a Japanese Geospace exploration mission 
termed Energization and Radiation in Geospace (ERG) was decided to be launched 
before the coming period of the maximum solar activity around 2014. The mission 
contains two(one) small satellite with 80kg(150kg) each. The orbit has a low inclination 
of < 10 degree, with a perigee of 250km and an apogee of 6.6 Re.  The satellite is spin 
stabilized with a spin period of ~4s, giving a time resolution of 4s for the measurements 
of 3D particle distribution function.  

In the scientific payload of particle/plasma instruments, ERG mission aims at the 
comprehensive measurements of space plasma over the wide energy range of ten to the 
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sixth order using a plasma/particle instruments package consisting of several types of 
detectors, including LEP(Low-Energy Particle Instruments for ions and electrons, 12eV-
20keV), MEP(Medium-Energy Particle Instruments for ions and electrons, 5keV-80keV), 
HEP(High-Energy Particle Instruments for ions and electrons, 50keV-2MeV), XEP(High-
Energy Particle Instrument for electrons, 200keV-20MeV). High-Energy Particle 
instruments for Electrons (HEPe) is one of the detector in the particle instrument 
package, and will be specifically studied in this paper. 

 

1.2 High-Energy Particle Measurement Techniques 
 
1.2.1 Radiation detection 

The operation of any radiation detector basically depends on the manner in which the 
radiation (ions, electrons, neutrons or gamma rays) to be detected interacts with the 
material of the detector itself. The incident radiations interact and lose their energy in 
the matter and then the count or energy is measured by different counters or detectors.   

Ions interact with matter primarily through coulomb forces between their positive 
charge and the negative charge of the orbital electrons within the absorber atoms. 
Upon entering any absorbing medium, the charged particle immediately interacts 
simultaneously with many electrons. An impulse from the attractive Coulomb force 
might be sufficient to either raise the electron to a higher lying shell within the absorber 
atom (excitation) or to completely remove the electrons from the atom (ionization). The 
energy of the incident ion is therefore transferred to the orbital electron and thus its 
velocity is decreased as a result of the encounter. 

Fast electrons suffer a similar process as ions when interacting with matter. However, 
compared with ions, fast electrons lose energy at a lower rate and follow a much more 
tortuous path through absorbing material. Large deviations in the electron path are 
possible because its mass is equal to that of the orbital electrons with which it is 
interacting. This irregular trajectory and large deviation of electron interaction will be a 
main difficulty for the design of the HEPe detector, which will be discussed in Chapter 3. 

There are several different types of radiation detector used for the measurement of 
high-energy particles in space plasma study. Gas-filled detectors were used in the 
earliest era of the magnetospheric exploration such as Geiger-Muller counters in 
Explorer-I mission, while it can only provide the counting information of the space 
environment rather than the particle energy. Therefore, most of science-oriented 
satellites nowadays have utilized solid-state detectors (SSDs) for high-energy particle 
(several keV to several MeV) measurements and scintillation detector for extremely 
high-energy particles (tens of MeV). 
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1.2.2 Principles of Semiconductor detector 

A semiconductor detector is a device that uses a semiconductor (usually silicon or 
germanium) to detect traversing charged particles or the absorption of photons. Since 
silicon and germanium are solid, these detectors are also known as Solid State Detector 
(SSD). 

The periodic lattice of crystalline material establishes allowed energy bands for 
electrons that exist within that solid.  Valence band corresponds to those electrons that 
are bound to specific lattice; conduction band represents electrons that are free to 
migrate through the material. A band gap is in between of two bands, and the size of 
gap determines whether the material is classified as a semiconductor or an insulator. A 
semiconductor has a relatively smaller gap than an insulator. In the absence of thermal 
excitation, both insulator and semiconductors would therefore have a configuration in 
which the valence band is completely full, and the conduction band completely empty.  

 

 

Figure 2: energetic particles generating the electron-hole pairs 

As a high energetic charged particle hit the crystal, the electrons get the energy and 
thus electrons are transferred from the valence band to the conduction band, and an 
equal number of holes are created in the valence band. Therefore, the incoming particle 
generates a large number of carrier pairs (electron-hole pairs) along its track inside a 
detector (Figure 2). Under the influence of an electric field, electrons and holes move to 
the opposite electrodes, where they result in a pulse that can be measured in an outer 
circuit. As the amount of energy required to create an electron-hole pair is known, and 
is independent of the energy of the incident radiation, the deposit energy can be 
determined by measuring the charge collected at the electrode. For the case of a silicon 
detector, one carrier pair is created by 3.7 eV deposit (on average), and thus the relation 
between the incident energy (E) and the number of carrier pairs (n) can be estimated by 
the equation below:  

( )
3.7
E eV

n
eV

=  
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1.2.3 Single side strip detector(SSSD) 

In order to obtain a sufficient energy resolution and angular resolution, application of a 
single-sided silicon strip detector (SSSD) is applied in HEPe.  

 

Figure 3: Sketch of the Single-sided silicon strip detector (SSSD) 

 

Figure 3 shows the structure of SSSD. The p-side (back side) of the silicon chip as well as 
the electrode which collects the hole-electron pairs is stripped and each strip has its 
independent readout channel. The strip pitch is 200 μm and the gap between the strips 
is several μm.  Signals from all channels are read with 32-channel low-noise analogue 
ASICs, VA32TA. Therefore, the signal from the strip can also give the one dimensional 
position information. Furthermore, Silicon strip detectors can lower the electronic noise 
since some components of the readout noises are proportional to the area of the 
electrode.  

  

1.3  Numerical simulation via GEANT4 

Geant4 is a toolkit for simulating the passage of particles through matter. It includes a 
complete range of functionality including tracking, geometry, physics models and hits. 
The physics processes offered cover a comprehensive range, including electromagnetic, 
hadronic and optical processes, a large set of long-lived particles, materials and 
elements, over a wide energy range starting, in some cases, from 250 eV and extending 
in others to the TeV energy range. It has been designed and constructed to expose the 
physics models utilized, to handle complex geometries, and to enable its easy 
adaptation for optimal use in different sets of applications. The toolkit is the result of a 
worldwide collaboration of physicists and software engineers. It has been created 
exploiting software engineering and object-oriented technology and implemented in the 
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C++ programming language. It has been used in applications in particle physics, nuclear 
physics, accelerator design, and medical physics. Besides, GEANT4 is also used to study 
interactions between the space radiation and matters (instruments, electronics, 
astronauts, etc.) in space physics and engineering.  In the recent years, space and 
astrophysics has become a significant user category, with applications ranging from 
instrument and detector response verification to space radiation shielding optimization, 
component effects, support of scientific studies, and analysis of biological effects, etc. 

In this paper, the thickness of silicon layer and the aluminum coating will be investigated 
under the simulation and analysis via GEANT4. 

  

http://space-env.esa.int/Background/backgnd.html#radiation
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2. Design of HEPe detector 
 

2.1   Requirement of HEP-e 

In order to realize the scientific objectives, HEPe is equipped with silicon strip detector 
to reach the basic requirements: 

1. Wide energy coverage from 50keV to 2MeV for electrons 
2. High Angular resolution : 10° x 10° 
3. Field of View (FOV):  180 °(polar) x 10° (azimuth)  
4. Energy resolution : 10% around 1MeV 
5. Weight less than 3kg; Size below 200mm∅  * 200mm 

The design of HEPe will be based on the above 5 requirements. In order to get a FOV of 
180 ° in pitch angle, a structure of three assemblies of sensor heads with 60 ° each will 
be used to integrate a cylinder shape instrument, as shown in Figure 4. As the satellite is 
spin stabilized, the instrument can fulfill a 4π steradian coverage within one spin period 
of 4 seconds. 

 

 

Figure 4: Sketch of the cylinder shape HEP instrument 
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2.2   Radiation flux estimation 

In order to get correct data measurements after the satellite launching, we need to have 
a rough estimation of space radiation for reaching an appropriate geometry factor. 

There are several existing models for the electron flux in radiation belt, from both 
theoretical calculation and satellite data in previous mission. Considerable effort was 
invested in building models of the trapped proton and electron populations, culminating 
in the NASA AP8 and AE8 models which have been the standards since the seventies. 
Furthermore, recent data from CRRES mission has demonstrated that the trapped 
particle radiation environment is much more complex than the static environment 
described by the old models. CRRES models are now becoming available, but they are 
limited in spatial, temporal and energy coverage. In this research, we therefore still use 
AP8 and AE8 models for the radiation flux estimation, due to the fact that up to now 
they are the only models that completely cover the region of the radiation belts, and 
have a wide energy range for both protons and electrons. 

The AP-8 and AE-8 models consist of maps that contain omnidirectional, integral 
electron (AE maps) and proton (AP maps) fluxes in the energy range 0.04 MeV to 7 MeV 
for electrons and 0.1 MeV to 400 MeV for protons in the Earth's radiation belt. The 
fluxes are stored as functions of energy, L-value, and B/B0 (B0=0.311653/L3). The maps 
are based on data from more than 20 satellites from the early sixties to the mid-
seventies. AE-8 and AP-8 are the latest editions in a series of updates starting with AE-1 
and AP-1 in 1966. 

Large errors may occur in the AP-8 and AE-8 model fluxes where steep gradients in 
spatial and spectral distribution exist and where time variations are not well understood. 
A widely quoted error estimate is "a factor of 2." An even larger error must be 
considered for differential fluxes (in angle or energy) created from the omnidirectional, 
integral flux maps. 
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Figure 5(a), 5(b): Integral flux (left) and differential flux(right) of the electrons from AE8MAX model at 
L=5  

  

Figure 5 shows the integral and differential flux of electrons from AE8 model for solar 
maximum conditions (AE8MAX) at L-value 5. This estimated electron flux will be used 
for the design of HEPe, because the ERG mission will be launched and operated from the 
beginning phase of next solar maximum. The orbital inclination is less than 10 degree so 
B/B0=1 is chosen. 

 

2.3   VA32TA & Geometry factor 

As mentioned in chapter 1.2, charges collected by electrodes will be collected, 
processed and readout by an outer circuit, called application-specific integrated circuit 
(ASIC).  Here, we used a chip called VA32TA, which has 32 channels on board as well as 
the charge amplifier, pulse shaping amplifier and Analog-to-Digital Converter (ADC).  A 
threshold needs to be pre-set for the upper limit of the noise amplitude. VA32TA chip 
then will first judge the whole 32 channels in a few micro-seconds.  If one of the 32 
channels has a signal higher than the threshold, then the whole 32 channels will be read 
out in series via a 10-bit ADC within about 32μs, giving the energy of the incident 
electrons. If all signals of the 32 channels cannot reach the threshold, VA32TA will 
regard these signals as noise and no output.  Therefore, the maximum count rate is 
around 1/32μs≈30000 counts/s. 

Since the maximum count rate for one VA32TA is about 30000 counts/s, the geometry 
factor for one VA32TA will also have an upper limit which is given by  
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In figure Figure 5(a), the omnidirectional integral flux larger than 50 keV at L-value 5 is 
around 7 2 17.56 10 [ ]cm s− −× , so  upper limit of geometry factor can be calculated:  

3 2
max 7

2 1 1

30000[ / ]
g-factor 4.99 10 [ ]

7.56 10
[ ]

4

counts s
cm sr

cm sr s
π

−

− − −

= ≈ ⋅
×

 

We choose the g-factor = 0.004 2[ ]cm sr as the geometry factor for one assembly with 

FOV 60*10. Then a count rate for different energy change can be roughly estimated in  

Table 1. 

 

Table 1: expected count rate for one Assembly (FOV 60 * 10) with g-factor = 0.004 2[ ]cm sr  

Energy 
Range(keV)  

Delta 
E(keV)  

 

flux@L=3  
 count rate 
(counts/s) 

50-60  10  3.86E+06          1,229  
 100-120  20  2.97E+06              945  
500-600  100  6.37E+05              203  

800-1000  200  4.35E+05              138  
1000-1200  200  2.86E+05                91  
1400-1700  300  2.23E+05                71  
1700-2000  300  1.40E+05                45  

  flux@L=4   
50-60  10  5.21E+06          1,658  

100-120  20  4.24E+06          1,350  
500-600  100  1.94E+06              618  

800-1000  200  1.37E+06              435  
1000-1200  200  7.74E+05              246  
1400-1700  300  6.96E+05              222  
1700-2000  300  4.54E+05              144  

  flux@L=5   
50-60  10  4.96E+06          1,579  

100-120  20  5.25E+06          1,671  
500-600  100  2.81E+06              896  

800-1000  200  1.51E+06              480  
1000-1200  200  1.02E+06              325  
1400-1700  300  5.27E+05              168  
1700-2000  300  2.73E+05                87  
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Since the differential flux at 2MeV is more than 100 times smaller than one at 50 keV 
(Figure 5(b)), the expected count rate above 1MeV is quiet low for 20% energy 
resolution, about 100 counts/s . Therefore, it’s quite difficult to cover the whole energy 
range with one detector. Therefore, we need a higher geometry factor for the energy 
range above 1MeV.  Considering that the instrument will start measurements before the 
maximum of solar activity, we need a 10 times larger geometry factor to get a large 
enough count rate for energy at 2MeV. 

Therefore, one sensor head with geometry factor=0.004 2[ ]cm sr  will be used to 
measure the electron in the energy range 50keV – 1MeV, called HEPe-Low (HEPe-L); 
another one with geometry factor=0.04 2[ ]cm sr  will be used to measure the electron in 
the energy range 700keV – 2MeV, called HEPe-High (HEPe-H). The overlapped range 
700keV – 1MeV will be used for on-flight calibration to get a more precise data. 
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3. Simulation result via GEANT4 

We have decided to divide the HEPe into two detectors with different geometry factor 
to cover the energy range from 50keV to 2MeV. In this chapter, the thickness of silicon 
layer and the aluminum coating will be investigated for HEPe-L and HEPe-H respectively, 
under the simulation and analysis via GEANT4. This chapter is organized like this: section 
3.1 illustrate some sources that might result in the miss detection; section 3.2 gives 
some examples of the successful detections but with different trajectories; we mainly 
discusses the structure and evaluate the performance of the HEPe-L in section 3.3, and  
HEPe-H in section 3.4 . 

 

3.1  Source of the miss detection 

As we introduced in the previous chapter, the incident electron hit on the Solid State 
detector (SSSD) and drop a deposit energy on the detector. Then this deposit energy will 
be read out via application-specific integrated circuit (ASIC). Therefore, we measure the 
energy of the incident electrons from the deposit energy from ASIC. Though SSSD can 
measure the energy with very high accuracy, there are still lots of aspects that may 
cause miss detections. Ion contamination is one of the sources of miss detection due to 
the environment, which will be mainly discussed in 3.2.2. Besides, the following factors 
can also be the source of miss detections. 

– Aluminum coating/foil 

A thin Aluminum coating/foil will applied to get rid of the protons and the low energetic 
electrons (see 3.3.2 & 3.4.2). However, the incident electrons will also lose energy in 
aluminum layer. If the electrons experience a tortuous path in the aluminum, large 
energy will be lost and thus the deposit energy in SSSD is much smaller than the real 
incident energy. The thicker the aluminum layer, the more miss detection occurred due 
to the coating. Figure 6 shows the probability of the deposit energy for 80 keV and 400 
keV electrons. The most probable deposit energy is smaller than the incident energy. 
The deposit energy for 80 keV electrons has a wider peak than that for 400 keV. 
Therefore, the aluminum coating/foil will mainly affect the low energy electrons. 
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Figure 6: probability distribution of the deposit energy for 80keV and 400keV electrons 

– Backscattering 

Large deviations in the electron path possibly occur. When the deviation angle is large 
then 90 degree, the electrons might turn to its incident direction and leave the silicon 
detector. This is called backscattering. Electrons can be backscattered in the first layer of 
the detector(Figure 7(a)), or it can be backscattered from the other layers(Figure 7(b)). 

 

 

Figure 7(a),(b): Illustrations of the backscattering of the electrons 
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– Deflection 

Even when the deviation angle is smaller than 90 degree, miss detection still might 
happen if the electrons shoot to the side of detectors (Figure 8). We call this deflection 
here. Deflection occurs more frequently for electrons with larger incident angle since 
those electrons will hit on the edge of the detector. 

 

 

Figure 8(a),(b): Illustrations of the deflection of the electrons 

 

– passing through all SSSDs 

High energetic electrons will not totally stop in the SSSD detector so they will deposit 
partial energy in the detector (Figure 9). This will also lead to miss detection. However, 
this miss detection can be eliminated via another SSSD layer at the end.  When the last 
thin SSSD get a signal, this particle will be regarded as the one with energy larger than 
the detection range and won’t be counted. Therefore those high energetic particles 
won’t be a contamination. 
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Figure 9: Illustration of the case that energetic electrons penetrate the detector 

 

– generation of gamma ray and secondary electrons 

The physical process is not that simple when the electrons interact with the silicon. 
Gamma ray and secondary electrons might be generate and ejected when the electrons 
hit in. Figure 10 shows the event that a 600 keV electron hits on the SSSD, the electrons 
stops on the third layer with total deposit energy 590 keV and a 10 keV gamma ray was 
ejected at that layer. If such new particles (gamma ray or secondary electron) generate, 
the detected energy will be smaller than the true incident energy. 

 

Figure 10: Illustration of the generation of gamma ray 

 

The probability of the new particle generation is, however, very rare (less than  1%) 
when incident energy smaller than 700keV. The probability rise up when energy goes up, 
for example, about 5% when energy around 1 MeV. On the other hand, the energy lost 
in the new particle is always around several keV to tens of keV. The lost energy is less 
than 10% of the energy, while the energy resolution is 10% or larger than 10%. 
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Therefore, the influence due to the gamma ray and secondary electrons generation can 
be neglected. 

 

3.2  Illustrations of the trajectories 

The trajectories of the electron in the detector vary a lot for each incident. Figure 11(a)-
(f) illustrate some different cases when the electrons hit in silicon detector, which are all 
the very typical cases: 

(a) the normal case: the electron stopped in the fourth layer and left one signal in 
each layer 

(b) the electron with the same amount energy as (a) but stopped in the third layer, 
because this electron had a large angle deviation inside the third layer. Therefore 
there’ll be several continuous signals in one layer. 

(c) the electron hit on the third layer and backscattered to the second layer and 
stopped. Thus the second layer will have signals in two separate strips. 

(d)  the electron hit on the third layer and had a large deflection, thus hitting on the 
fourth layer faraway. So the signals on the third layer and fourth layer are apart 
from each other in position. 

(e) & (f)  the electrons hit on the two layers back and forth so that we will get several 
signals in both layer.  

   

  

Figure 11(a)-(f): Illustrations of electrons experiencing different trajectories in the detector 
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All the above cases might happen since the electron-detector interaction is a random 
process in trajectory.  The electrons with same energy will experience a different path 
and thus might have the different output energy (or deposit energy) on the detector. 
Therefore, we are studying the probability distribution of the detector corresponding to 
certain incident energy. The following paper will give the detection profile (especially in 
3.3.3 for HEPe-L & 3.3.4 for HEPe-H) under the large amounts of data statistics that is 
simulated via GEANT4, based on the monte-carlo methods. 

 

3.3  Semiconductor detector in HEPe-L 
3.3.1 Measurement range and Structure 

The target energy range of HEPe-L is 50keV to 1MeV.  The standard SSSD with thickness 
of 400μm is provided. For HEPe-L, four layers of 400μm SSSD will be used, since more 
than 90% of 1MeV electrons will be stopped at the silicon with 1600um. Moreover, a 
thin SSSD with the thickness of 50μm will be added as the first layer. This thin SSSD is 
used for get rid of the contamination from the ions, which will be discussed in the next 
section. Furthermore, a thinner SSSD can also provide more precise angular information 
of the incident electrons, as well as a less electric noise for the deposit energy detection. 
Another thin SSSD6 is also used to detect all the high energetic electrons that pass 
through all the SSSD layers. The distance between two SSSDs is 500μm. The structure of 
detector is shown in Figure 12. 

 

Figure 12: Sketch of the HEPe-L detector with multilayer SSSDs 

 

3.3.2 Ion discrimination 
3.3.2.1 Differential flux of electrons and ions  

Figure 13 shows the differential flux of electrons and ions at different L-value in 
equatorial region, simulated by the AE8/AP8 model in the maximum of solar activity. 
The flux of proton, especially with energy < 1MeV, is quiet significant and can be a 
contamination for the measurement of electrons.  In order to get rid of these protons, 
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an aluminum coating with thickness of 12μm and a thin SSSD with the thickness of 
50μm will be used. 

   

  

Figure 13(a)-(d): estimated differential flux of electrons and protons from AE8MAX and AP8MAX model 
at different L value 

 

3.3.2.2 Ion discrimination via Aluminum coating 

A thin aluminum film will be put on the thin SSSD1 as coating to stop the ions. Figure 14 
shows the rest energy of proton after a 12μm Aluminum film. 12μm Aluminum can stop 
the protons with energy smaller than 890 keV. Therefore, this coating can discriminate 
the contamination of ion < 890 keV. 
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Figure 14: The remaining energy of proton after penetrating a 12μm Aluminum Coating 

12μm Aluminum coating will also stop the electrons <40 keV. However, this coating will 
also affect the energy detection of electrons for lower incident energy electrons < 200 
keV.   Especially, E<100 keV will have a very coarse energy resolution.  Figure 15 shows 
the count rate for different incident energy of electrons from 50keV to 100keV. The 
curves for electrons less than 70 keV  have very low and wide peaks, because the 
percentage of electrons passing through coating is small (black line in Figure 16). Besides, 
the ratio of correct detection is also very low for the energy less than 100 keV. 
Therefore, a coarse energy resolution of 40% or more might be applied to get a precise 
data. (Figure 16) 

 

Figure 15 : probability distribution of the deposit energy for 50keV-100keV incident electrons 

500 1000 1500 2000 2500 3000
0

500

1000

1500

2000

2500

3000

Incident Energy [keV]

en
er

gy
 [
ke

V
]

rest energy of proton after 12um Aluminum coating

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8

9

Deposit Energy [keV]

po
ss

ib
ili
ty

 p
er

 k
eV

 [
%

/k
eV

]

possibility for different deposit energy in all SSSD for 50-100keV @ 0 degree incident

50
60
70
80
90
100



27 

 

 

Figure 16: detection profile for 50-200 keV incident electrons 

 

The energy of electrons will also be decreased after passing through the aluminum 
coating. Therefore, the deposit energy of electrons will be slightly smaller than the 
incident energy. Figure 17 shows the most probably deposit energy — deposit energy of 
each peak in Figure 15 — in  silicon detector after the coating, where the deposit energy 
is almost linear to the incident energy. Therefore, we can predict the incident energy 
with the energy deposited in the silicon. 

 

Figure 17: Most probable deposit energy (peak energy) for incident energy 50-200keV  

 

3.3.2.3 Ion discrimination via thin SSSD 

Though aluminum coating can stop the protons  <890 keV, Protons > 890 keV will pass 
the Al coating, and be detected by the SSSD. Figure 18 shows the differential flux of 
electrons and protons by AE8/AP8 model. The green circles are the flux of protons after 
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the aluminum coating.   At L-
value 4, the flux of protons is smaller than electrons, but the flux of protons is still larger 
than 10% of electrons, and thus cannot not 
therefore used to discriminate the protons > 890 keV. 

Figure 18(a),(b):  the subtracted differential flux of proton (green circles) after 12μm Al coating at L
value 3 and 4  

 

Figure 19: Illustration of the beh
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-value 3, the flux of protons is still large than electrons. At L
value 4, the flux of protons is smaller than electrons, but the flux of protons is still larger 
than 10% of electrons, and thus cannot not be neglected. A thin SSSD layer --

used to discriminate the protons > 890 keV.  

(a),(b):  the subtracted differential flux of proton (green circles) after 12μm Al coating at L

 

: Illustration of the behavior of electrons and protons on the same Al coating

with energy smaller 2 MeV could  pass the Al coating, but will all stop at the thin 
lectrons might pass SSSD1 or stop at SSSD1(see Figure 19

of the electrons that can pass through SSSD1. Almost all the 
electrons < 100 keV will stop in SSSD1, 80% of the electrons > 200 keV can pass through 

Utilizing this property, we can set a threshold and use a criterion to discriminate 
there’s no deposit energy on SSSD2 and at the same time the deposit energy 

on SSSD1 is larger than threshold, then the incident particle is protons, i.e. 

E(SSSD2) = 0 & E(SSSD1) > thresholdààààproton 

till large than electrons. At L-
value 4, the flux of protons is smaller than electrons, but the flux of protons is still larger 

-- SSSD1—is 

 

(a),(b):  the subtracted differential flux of proton (green circles) after 12μm Al coating at L-
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Figure 21 shows the study for threshold = 100 keV and 150 keV. Here we used a term of 
“correct detection”. Correct detection for 10% energy resolution means the output 
energy is within ± 5% of the most probable output energy. We will use this conception 
more often in next section. Red dash curve is the ratio of correct detection for 10% 
energy resolution without this criterion. Blue curve is the ratio of correct detection 
applied by the criterion with threshold 100 keV and green curve with 150 keV. Threshold 
100 keV will cause a large miss detection for electrons < 150 keV. Therefore, a threshold 
of 150 keV will be more appropriate.  

 

 

Figure 20: probability of the electrons passing SSSD1 

 

 

Figure 21: detection profile for different threshold 
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If we use the threshold of 150 keV, a 10% miss detection will occur for energy = 150 keV. 
But the  miss detection for energy > 200 keV is about 3% and for energy >300 keV is only 
0.1%. Considering the flux condition in different L-value (Figure 22), threshold may 
change when satellite at different altitude. 

 

 

Figure 22(a)-(d): Comparison of the flux of electrons (blue circle) and the subtracted flux of proton 
(green circles)  after 12μm Al coating at different L-value  

 

At L=3, the subtracted flux of protons is quiet large compared with electrons, so a 
threshold of 150 keV is chosen to get rid of the contamination of ions. If threshold = 
150keV, proton >960 keV will be detected and thrown away. Protons with energy 890 - 
960 keV will be a contamination to the signal; contamination is about 100% of the signal 
(the blue circle and the green circle has almost the same height at E=150keV). At L=4, 
the flux of protons after coating is less than 10% of the flux of electrons for energy <200 
keV, so a threshold of 200 keV is chosen to get rid of the contamination of ions. Proton > 
975 keV will be detected and thrown away. Protons with energy 890 - 980 keV will be a 
contamination to the signal; contamination is less than 10% of the signal. For L=5 and 
L=6, the flux of protons after coating is less than 1% of the flux of electrons at any 
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energy range, so threshold is not necessary or a threshold of 300 keV can be chosen. 
Table 2 gives the summary of the appropriate threshold and the corresponding 
contamination range for different L values. 

 

Table 2: summary of threshold and contamination for different L values 

L value Threshold(keV) Contamination 
range (keV) 

protons/electrons 
(contamination/signal) 

L=3 150 890 - 960 100% 
L=4 200 890 - 975 <10% 

L=5 & 6 300 or more none < 1% 

 

The contamination at L=3 is large. The only way to decrease this noise is to reduce the 
contamination range. A thinner SSSD1 of 30μm can reduce the threshold to 100 keV 
and protons contamination range to 890- 930 keV. But this thickness might be difficult 
due to manufactory limitation. 

 

3.3.3 Performance evaluation  

HEPe-L is used to detect the electron energy from 50 keV to 1 MeV. We have studied its 
performance in the low energy range (<200 keV) in the previous section. Here we will 
give the overall detected profile at energy range 100 keV – 1 MeV, giving the probability 
of miss detection due to each source that mentioned in section 3.1. 

Figure 23(a) shows the detection profile of the electrons that incident perpendicularly. 
The dash red and blue line show the correct detection for 10% and 20% energy 
resolution, respectively, which means that the output energy is within ± 5% and ± 10% 
of the most probable output energy. We can get a slightly higher correct detection ratio 
is we choose a coarse energy resolution, but this increment gets limit (< 3%) when the 
energy exceed 300 keV. The solid red line shows the ratio after the threshold criterion. 
The drop at 200 keV is due to this threshold, but one can find that the threshold almost 
have no influence when the energy higher than 300 keV. The green line shows the miss 
detection due to the aluminum coating; one can see that this coating mainly affects low 
energy part. The miss detection due to the backscattering (black line) is almost a 
constant (around 12%) at any energy. The miss detection due to the deflection (blue) is 
comparatively small, always less than 3%. Finally, the miss detection due to passing all 
the SSSD has a sudden increment at 1MeV; the yellow line shows that 7% of electrons at 
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1 MeV will  escape the detector, but we can discriminate those particles since we will 
get a signal on the last SSSD. 

 

Figure 23(a),(b): detection profile of HEPe-L for different incident energy at normal incident(left) and 
oblique incident(right), including the percentage of the miss detection due to different reasons. 

 

The reponse of the detector varies for different incident angle.  Here we also illustrate 
the curves for 30 degree incident angle (Figure 23(b)). The ratio for correct detection has 
a 5% drop at higher energy and has a even large drop in lower energy.  The former drop 
is from a higher miss detection due to the backscattering; the latter one is because the 
aluminum coating looks like thicker for a oblique incident. 

 

3.4   Semiconductor detector in HEPe-H 
3.4.1 detection range and structure 

HEPe-H will detect the energy range from 700 keV to 2 MeV. If we still use the standard 
400 μm SSSD, we need at least more than 8 layers; this will cause larger miss detection 
as well as need more ASICs to get all the signal readout. Therefore we proposed to use 3 
layers of 1mm SSSD. The number of the layer will be discussed in details in section 3.4.3. 
Same as the HEPe-L, a thin SSSD with the thickness of 50μm will be added as the first 
layer and the last layer; but different from HEPe-L, a much thicker aluminum foil of 250 
μm thickness will be applied(section 3.4.2). The first 50μm thin layer is used for a 
precise angular detection; here the ion discrimination does not need to consider 
anymore since the thick Al foil. The last 50μm thin layer is used to detect the case that 
the energy is so high that the electrons will pass through all the SSSD layers. The 
distance between two SSSDs is still 500μm. The structure of detector is shown in Figure 
24. 
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Figure 24: : Sketch of the HEPe-H detector with multilayer SSSDs 

 

3.4.2 Thickness of the Al foil 

For HEPe-H, the expected geometry factor is 2 24 10 cm str−× , 10 times larger than the g-
factor of HEPe-L. If we suppose the maximum count rate of ASIC is 30000 counts/s, then 
the maximum flux below saturation of ASIC is 107 electrons/cm2sec. If we use the AE8MAX 
model shown in  Figure 5(a) for the electron flux, we need to stop all the electrons < 500 
keV by Al foil.  

 

Figure 25: Probabilities of electrons penetrating the Al foil with different thickness 

Here, we studied the aluminum foil with 3 different thickness, 250μm, 300μm and 
350μm. Figure 25 above shows the probablity that electrons can penetrate the foil and 
deposit an energy on Silicon detectors. As the foil become thicker, fewer electrons can 
penetrate the foil. The probabilies that electron at 500 keV can penetrate the foil are 
77%, 66% and 55% respectively. 

However, as the foil become thicker, there will be more miss detection occurred due to 
the Al foil. Figure 26 below shows the probability of a correct detection where the 
deposit energy is within 10%±  of the most probable energy E (energy resolution ~ 20%). 
We can found that the probability drops a lot (~10%) in the lower energy around 700keV 
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but drops less (~3%) in the higher energy around 1400keV. Therefore, a thicker foil 
might cause a coarse energy resolution in low energy range.  

 

Figure 26: probabilities of correct detection for different Al foil 

 

 

 

 

 

 

We can also find this degradation from the count 
rate for thicker foil. Figure 27(a)-(c) above show the 
count rate of the deposit energy for the incident 
energy 500keV, 600keV, 700keV…..2000keV and for 
250μm(blue), 300μm(red) and 350μm(green) foil. It 
is easy to find that the peak become lower for 
thicker foil. The right Figure 27(d) is the composite 
figure of the three figures above. 

 

 

Figure 27(a)-(d): probability distribution for different incident 
energy from 500 keV to 2MeV with Al foil of 250μm(blue, top 
l
t

eft), 300μm(red, top middle) and 350μm(green, top green), and 
he  combination of three (bottom). 
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The peaks also become broader for thicker foil, which is shown via the Full Width at Half 
Maximum (FWHM) in Figure 28. The curve is not quiet smooth due to the number of 
incident electrons in the simulation is not sufficiently large. But we can still see the 
trend of the FWHM for different thickness foil. 

 

Figure 28: FWHM of the probability distribution function for different incident energy 

 

  

Figure 29: Most probable deposit energy for the incident energy from 500 keV to 2 MeV 

 

The most probable deposit energy (peak energy of the wave curves above) is almost 
linear for all thickness foil (Figure 29).  The energy is a bit lower when the foil is thicker.  

In summary, a thinker foil will cause larger miss detection and thus a more coarse 
energy resolution. However, in order to prevent the saturation of the ASICs, a thicker 
foil is necessary, if considering the AE8MAX model will be the real environment during 
the satellite operation. 
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In the following research, we choose a thickness of 250μm as Al foil. Since we roughly 
estimate that the measurement will start after the solar maximum, the flux will be much 
lower than the one in AE8MAX model.  If the real flux is much larger than expected, 
then a 350μm or even thicker Al foil must be applied. 

 

3.4.3 Number of SSSDs : 3 layers VS 4 layers 

We proposed a design of 3 layers of 1 mm SSSD for the HEPe-H, also as simulated in the 
previous section. However, one should point out that 3mm thickness silicon cannot stop 
all the electrons with 2MeV energy. From Figure 26, we can found that the probability of 
correct detection drops down when the energy is larger than 1600keV, no matter which 
thickness of the Al foil we choose.  This is due to higher energy causing a higher 
percentage of electrons penetrating all the SSSDs. Of course, we can add one more 
1mm SSSD layer to avoid the decreasing. But this will cause more ASICs and more 
readout channels. 

On the other hand, if the electrons penetrate all the SSSDs, the last thin layer will get a 
signal so that the whole detection can be thrown away; therefore it will not be a 
contamination for the low energy detection. We can still know the real flux after the 
calibration on the ground. For example, when detecting the electrons at 1.8 MeV, we 
can simply get the real flux, using the measured flux divided by 72.5%.  

Therefore we proposed a design of 3 layers of 1 mm SSSD in this study as well as in the 
following simulation.  The thickness of the SSSD might be change due to the 
manufactory limitation, but we can roughly say that a minimum 3mm total thickness 
would be a good choice and the real flux could be derived with this thickness. 

 

3.4.4 Performance evaluation  

The detection profile for HEPe-H is also sketched in Figure 30, similar to HEPe-L. The 
lines represent the normal incident and the dots/open circles represent the oblique 
incident. The correct detection ratio become smaller compared to HEPe-L, and the miss 
detection is mainly due to the 20 times thicker aluminum coating.  Therefore, a coarse 
energy resolution of 20% might choose to decrease the measurements error bars. The 
30 degree incident will have a worse detection ratio also due to a thicker foil. 
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Figure 30: detection profile of HEPe-H for different incident energy at normal incident(lines) and 
oblique incident(dots and circles), including the percentage of the miss detection due to different 
reasons 

Here, we did another study on the HEPe-H.  We studied the furthest distance that the 
electrons can go from the incident point in the lateral direction (d in Figure 31). Figure 
32 shows the percentage of the electrons has this distance larger than 1mm, 3mm, and 
5 mm respectively. Supposing one ASIC has 32 channels and each channel has the signal 
from one 200 μm strip, then one ASIC control the lateral distance for 6mm ( 3mm± ). 
One ASIC can only record one particle every 32μs, but two independent ASICs can 
record both signal if these two electrons are 6mm apart. From the Figure 32 we found 
that when the electron energy smaller than 1 MeV, this percentage of the distance 
larger than 3mm is smaller 3%. Therefore, if the ASICs could be independently control 
and have the readout non-simultaneously, we can detect the electrons from different 
ASICs within one readout period ~32μs. This could avoid the saturation even if the flux is 
much higher than expected.  

 

 

Figure 31: Illustration of distance d: the furthest distance that the electrons can go from the incident 
point in the lateral direction 
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Figure 32: Percentage of the furthest distance d that larger than 1mm, 3mm and 5mm for different 
incident energy. 
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4. Integrated design  

We got the number of layers and the thickness of each layer for both HEPe-L and HEPe-
H in Chapter 3. The total thickness for HEPe-L is around 4.5mm and HEPe-H around 
5.5mm. In Chapter 2, we also set up the geometry factor for both detector, g-
factor=0.004 2[ ]cm sr for HEPe-L and 0.04 2[ ]cm sr  for HEPe-H. Therefore, we calculated 
the dimension for HEPe-L and HEPe-H to meet the requirement of high angular 
resolution and wide field of view mentioned in Chapter 2.  The details for calculation 
discussed in Appendix. Here we just used the result to give the integrated design of the 
instrument(s). 

 

4.1  Shielding for the background and one assembly of 
sensor head  

Unfortunately, due to the time limitation of this study, we didn’t study the thickness of 
the aluminum shielding for the background noise. However, Mr. Kobayashi and Mr. 
Watanabe did this simulation work for their electron detector and ion detector for ERG 
mission, respectively. Though our detector has the different energy range as theirs, the 
thickness of the shielding can somehow be used as reference. Mr. Kobayashi used 3mm 
as the aluminum shielding in his paper and Mr. Watanabe used 5mm in his paper. Here 
we use 5mm, the thickest case, for our size calculation. 

Figure 33 shows the sketch of one assembly of sensor head for HEPe-L. Under this 
geometry configuration, the sensor could has a maximum FOV 67° x 10° but an effective 
FOV 60° x 10°(or 60° x 5° if considering only the FWHM), and a angular resolution less 
than 10° x 10° for each strip on SSSD. If we assume the aluminum shielding is 5mm, the 
dimensions for one assembly will be approximately 50 mm x 40mm x 18 mm for HEPe-L. 
Similar estimation for HEPe-H will be 120 mm x 80mm x 26mm for HEPe-H. 
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Figure 33: Top view (left) and side view(right) for the dimensions of one assembly of HEPe-L 

 

4.2 HEPe-L/H as two separate instruments 

In Chapter two, we discussed that we would like to make 3 identical assemblies of 
sensor heads and integrate them as a cylinder shape instrument. We could put the 
assemblies 120 degree to each other, as shown in Figure 34. The two circles represent 
the thickness of the aluminum shell. The shell for each assembly could be replaced by 
this cylinder shell, but we need to have extra material to separate three detectors, as 
the sketch right below. 
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Figure 34: Sketch of 3 assemblies of HEPe-L (or HEPe-H) integrated in one cylinder shape instrument 

Under this geometry design, the cylinder size for HEPe-L will be around 130mm in 
diameter and 18mm in thickness, and for HEPe-H will be around 290mm in diameter 
and 26mm in thickness. 

 

4.3 HEPe-L/H as one instrument 

We could also, however, construct the HEPe-L and HEPe-H together as one instrument, 
with a bit more complicated geometry outline in Figure 35. The opening of each 
assembly is exactly 60°, so it will not cover part of FOV of the adjacent opening at all. 
Therefore, we can integrate these six assemblies in one cylinder and the diameter would 
be smaller than 200mm, the thickness is still the thickness of HEPe-H ~ 28mm.  

However, if we use this configuration, an extremely high energetic electrons (>5MeV) 
hit on one detector could penetrate the aluminum shielding and deposit a signal on 
another detector (red arrow). But this case is quiet rare as the flux of 5MeV electrons is 
greatly smaller than that of 1MeV. Hence here we conclude that this integrated design is 
the best choice and 200mm in diameter also meets the requirement in size. 



 

 

Figure 35: Sketch of the 3 assemblies with both HEPe
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: Sketch of the 3 assemblies with both HEPe-L and HEPe-H in one cylinder shape instrument

 

H in one cylinder shape instrument 
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5. Conclusion  and Future work 

The High Energy Particle instrument for electrons(HEPe) is one of the essential 
instrument in the scientific payload of the Japanese ERG mission, which will be launched 
during next solar maximum. In this paper, we did the large amount to the design work in 
studying this instrument developed with solid state detector (SSD). HEPe has three 
assembles; each has a field of view (FOV) of more than 60° x 10°, and therefore can 
fulfill a 4π steradian coverage after one full spin period. The single-sided strip silicon 
detector (SSSD) is used so as to give the angular information of the particle with an 
angular resolution 10° x 10°. 

In the previous chapters, we have discussed the structures of the instrument with 2 
geometry factors and the 2 type of detectors, called HEPe-Low (50 keV – 1 MeV) and 
HEPe-High (700 keV – 2 MeV) respectively, so as to cover the energy range 50keV-2MeV. 
HEPe-L used a 6 layers of SSSDs. A 12um aluminum film plus a thin layer of SSSD is used 
for the discrimination of ions contamination. HEPe-H used a 5 layers of SSSDs. A 250μm 
aluminum foil is used in HEPe-High for the elimination of the lower energy electrons. All 
the sensor heads could be integrated in one plane as a cylinder shape and the total size 
is less than 200mm in diameter. 

We also analysis the sources that can cause a miss detection. The electrons can lost its 
energy in the aluminum; backscattered; deflected or penetrate the detector. All of these 
cases would lead to a lower deposit energy than the incident energy. Therefore, it is 
important to the detection profile for HEPe-L and HEPe-H for different incident energy. 

Here, we didn't calculate the background noise. Instead, we use the a aluminum 
shielding of 5mm, from the result of the Mr. Watanabe's paper for ion detector. 

This HEPe instrument is designed for a geospace mission, where exist large amount of 
the high energetic electrons. It could also be a good reference to the future mission to 
the Jupiter, where there are relativistic electrons under a strong magnetic field; for 
example, the Joint NASA-ESA Laplace mission 2020.    
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APPENDIX  

Calculation of the parameters for the optimized structure 

Parameters:                                                                       Top view                         Side view 

A: length of the pinhole  

B: length of the entrance 

C: length of the SSSDs  

a: width of the pinhole 

b: width of the entrance 

c: width of the SSSDs  

d: thickness of the whole SSSDs 

L: distance between the entrance and 
pinhole 

R: distance between the pinhole and 
SSSDs 

θ : maximum FOV in polar angle 

These parameters have relations as follow

      Top view:                                      Side vie
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When FOV is not very wide, geometry fact
Figure 36: Top view (left) and side view(right) for the 
dimensions of one assembly  
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or can be approximately calculated as 
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2-  
ABab

g factor
L

≈  

Additional condition: a b= to get the biggest geometry factor  

HEPe-L (50keV-1MeV) 

Thickness of the whole detector: 4.5d mm≈ ,  

Expected geometry factor: 2 20.004   0.4 g factor cm str mm str− = =  

There are 8 equations and 9 parameters, so the solutions are not unique. One can get 
one solution when L+R+C reach minimum. This is the optimized solutions since we can 
have a relatively smaller volume of the detector as well as a shorter SSD so as to save 
both the weight of the detector as well as the number of ASICs and readout channels. 

After the calculation, the reasonable solution closest to this optimized solution is: 

Optimized dimensions for HEPe-L 
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The FOV of HEPe-L will be 67° ×10° . The geometry factor is angular dependent in both 
polar and azimuth directions and show in the figures below. The target FOV is from 
30− °  to 30+ °  in polar plane, and from 5− °  to 5+ °  in azimuth/spin plane ( 2.5− °  to 
2.5+ °  at FWHM).  
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Figure 37: the geometry factor in polar plane(left) and spin plane(right) for HEPe-L and HEPe-H(Option A) 

HEPe-H (700keV-2MeV) 

Expected geometry factor will be 10 times larger than HEPe-L.  

2 20.04   4 g factor cm str mm str− = =  

Thickness of the whole detector: 5.5d mm=  

We can simply enlarge 3 times of all the dimensions in HEPe-L, to get a new geometry 
factor which is 9 times larger than the one in HEPe-H. In this design, the new dimensions 
will be: 

Optimized dimensions for HEPe-H (Option A) 
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The dimension will be more than 110mm*90mm for one assembly with the shielding; 
also, the length of one SSSD will be 66.5, corresponding to 333 channels and 11 ASICs 
for one SSSD layer and totally 42ASICS for 4 layers. 

So we have to enlarge the FOV/coarsen the angular resolution to get a 10 times larger g-
factor.  
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FOV in spin direction changes to 20°  instead of 10° . So the equations of side view 
change to: 

20
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And the new dimensions will be: 

Optimized dimensions for HEPe-L (Option B) 
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Figure 38: the geometry factor in polar plane(left) and spin plane(right) for HEPe-H(Option B) 

The FOV of HEPe-H will be 67° ×20° . 

However, the FWHM in spin/azimuth direction is 10°  (from 5− ° to 5+ ° ) shown as the 
figures above. 

In this paper we use the option A in our integrated design. However, we also want to 
point out that option B is also another good choice if the size is too large and the 
number of ASICs exceeds the expectation. 
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