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The High Energy Particle Detector (HEPD-02)

HEPD-02, on board of the China pr—— - Trigger 1
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Satellite (CSES-02) is aimed to
measure particle precipitation
due to short-time perturbations
in the radiation belts caused by
solar and terrestrial phenomena.
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Scintillator bar 16 cm X 3 cm ; 2 mm (3 mm) thick
PrOtOtypes with 2 cm long trapezoid light guides
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Radiant sensitivity and Quantum efficiency of
EJ-200 Plastic Scintillator emission spectrum. R9880U- Series Hamamtsu Photomultipliers.
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EJ-200 plastic scintillators combines a long High Gain, fast time response and high
attenuation length, a fast timing and high light output quantum efficiency




Geant4 Simulation

Scintillator bar 16 cm X 3 cm ; 2 mm (3 mm) thick
with 2 cm long trapezoid light guides
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Implemented in Geant 4.10:

Geometry and optical properties of materials : refractive output

index, absorption length. Number of photoelectrons on
Optical photons and processes. each PMT, with their arrival
Scintillation properties of the plastic (EJ-200) times and wavelengths
Reflectivity of the wrapper (Mylar).

Quantum efficiency of Photocathodes

Run:
Muon beam at minimum ionization with normal incidence
uniformly distributed on the scintillator surface.




Most Probable number of Photoelectrons  saquare 3x3cme

2 mm

Num. of Photoelectrons on PMT1, MPV = 9.4 p.e. Num. of Photoelectrons on PMT1, MPV = 15.10 p.e. Num. of Photoelectrons on PMT1, MPV = 3494 pe.

i PE PE PE

Entries 1000 Entries 1000 Entries 1000
Mean 103 Mean 16.65 Mean 42.68
Std Dev 4.368 Std Dev 6.719 Std Dev 14.78
**{ ndf 28.67/23 %2 £ ndt 52.64 / 37 ¥2 1 ndf 71.41/72
Width 0.4161=0.0786 Width 0.5615 + 0.1111 Width 4.035 + 0.367
MP 8.662 + 0.203 MP 14.02+0.28 MP 32.99 + 0.4
Area 993.2+323 Area 964.9 £ 31.7 Area 997.4 + 33.9
GSigma 29120141 GSigma  4.206 £ 0.192 GSigma 5.02 £ 0.70
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Num. of Photoelectrons on PMT2, MPV = 34.85 p.e. Num. of Photoelectrons on PMT2, MPV = 14.55 p.e. Num. of Photoelectrons on PMT2, MPV = 9.32 p.e.
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Mean 4276 Mean 16.71 Mean 10.44
Std Dev 15.66 Std Dev 6.643 Std Dev 4.47
2/ ndf 84.13/80 ¥/ nd 47.97139 %2/ ndf 22.43/23
Width 4.091+ 0.398 Width 0.9247 + 0.1140 Width 0.5757 £ 0.0877
MP 32.67 £ 0.50 MP 1333+ 021 MP 8.433 £0.181
Area 976.5 £ 33.4 Area 9847+ 313 Area 1011328
GSigma  5.524 + 0.847 GSigma 3.495 + 0.204 GSigma 2.796 + 0.151
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Spatial Resolution

Position along the bar versus the
ratio (p1-p2)/(pl+p2)

¥* / ndf 1.02e+04 / 4583
p0 —0.01151+ 0.02026
pl B.691+ 0.04296

pasition {cm)

Distribution of the difference between
reconstructed and real position.
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(p1-p2)(p1+p2)

p1: number of photoelectrons seen by PMT1
p2: number of photoelectrons seen by PMT2
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The fit is a Gaussian distribution with :
Sigma =1.4 cm




Experimental Test

Prototypes of plastic scintillator 2 mm and 3 mm thick coupled at each end to Hamamatsu R9880-210

photomultipliers trough 2 cm long trapezoidal light-guides.
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Comparing Simulation to Data from experimental test

Scintillator bar 2 mm
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Comparison MC and Data
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Simulation :
Slope : -0,12 £ 0,01
+0,12 + 0,01

Data:
Slope : -0,11 £ 0,01
+0,11 £ 0,01
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Ratio : #PE near/far
- Simulation :— ratio ~ 3,7
- Data: — ratio~ 3,4 -3,7
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Comparing Simulation to Data from experimental test

Scintillator bar 3 mm

Scint. Bar 3 mm

] | Data
A * Simulation

Simulation :
Slope : - 0,092 £ 0,01
+ 0,092 + 0,01

Data:
Slope : -0,076 £ 0,007
+0,073 £ 0,009

Ratio : #PE near/far
- Simulation : — ratio~2,7 - 2,8
- Data: —ratio~2,2-24

Most probable Number of photoelectrons

Reasonable
agreement with Data
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Conclusion

Two prototypes of trigger counters 2mm and 3mm thick were tested
The number of photoelectrons collected was found to be sufficient to
ensure a good detection efficiency for low energy electrons and protons
Thin counters minimize scattering and allow for a low threshold which is
also valuable for cosmic nuclei studies.

A Geant4 MonteCarlo simulation was implemented and tuned to
reproduce experimental data

- It shows a reasonable agreement with data collected and is being
used to study the total trigger plane/system efficiency and resolution.

— It also serves as a basis for the plastic calorimeter simulation studies.




