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Possible roles of medium-energy particles

Velocity distribution functions (pitch angle distribution, energy density, etc.) are

the key to understand radiation belt dynamics

MEPe (10-80 keV electrons)

Whiserchorus

Acceleration

Loss

MEPi (10-180 keV/q ions)

MEPe electrostatic analyser

10, 50, and 80 % of the peak are marked
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* AE/E~8.5% (FWHM)
*  Aa~3.5° (FWHM)
* Focusing of parallel beam™ 0.5° (FWHM)
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APD degradation test: electrons

J/Preliminary data
(horizontal axis should be calibrated)
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* APDs were irradiated with 1.5-MeV electrons Dose [krad]

— Darkcurrentincreases with the electron dose, resulting in the degradation of noise level

» Electron dose rate is expected to be ~100 krad/year for 4-mm Aluminium shielding

— Dark currentis ~50nA after the irradiation with 1.5 MeV electrons of 100 krad

— Considering the uncertainty of the beam area (50%) and the differencein displacement damage between
1.5 MeV and ~5 MeV (a factor of ~3), the dark current may increase up to ~230 nA

— Not dominant compared to that by the proton dose (~300 nA), although it’s not negligible

» Electron dose rate is expected to be ~10 krad/year for 6-mm Aluminium shielding
= the electron dose effect is negligible
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_ _ *  BBM test results (grey) agrees with the
Time of flight [ns] simulation (purple)
— Peak positions

— distribution widths

Science goals of ERG ERG satellite

*  Why the radiation belt electrons dynamically increase and decrease A P : ~
during space storma? . 'Ol'b.lt. _Elllptlcal orbit, apogee™~4.5Re,
inclination~31degree

 Launch:scheduled at December, 2015
* Mission life: 1 year

— Transport/acceleration of relativistic
electrons:

* External source or internal acceleration?

— Acceleration via waves:

* MHD waves, magnetosonic waves, or
whistler chorus?

* How are these waves generated?
"

— Loss mechanisms: N electrons
* Lossto the interplanetary space or into 'h JH I
the ionosphere?
* How are the background magnetic field, &g 1keV  10keV 100keV 1MeV

ER

which controls electron trajectories,
modified?
* Which waves cause electron

precipitation? How are the waves
generated?

Project Team
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Energy coverage of ERG’s particle suite

Specification of MEPi and MEPe MEPe

MEF| MEPe
Energy range < 10-180 keVq < 10-80 ket
Foy "360de g% Sdeg "360de g Sdag
hass range 1=324mLI
Mass discrimination H+, He++, He+, O+
Energy resolution "B ™ 0%
Angular resolution 10degx 220eg boegx Bdeg
(per APD)
E (APD
G—factar B0 om? sr ke ke 3107 om? sr ke ke 100 keV/ { )
(3 %10 o sr ke/ ke se ctor) (1 10 om? sr ke ke W/ apd) € _
Time resolution dsec per 30 WOF deec per 30 VDF NDISE
(for8-secspin period) {for8-secspin period) \
Mass “105 ke ~8.5 kg 5’\%{\3
10 keV i
Power 21 W 25 W Noise o
* The energy coincidence
Dirne nsion 310 mme X 400 mm 320 mm X 400 mrm technique is applied to
10keV 100keV reduce the radiation
Data rate 65 5 kbit/{spin/ &) (ordinary data) 819 khit/{spin/32]
(max, kefore = 16(KIX 16(A2) X1 lspc)> 1 6ibit =16 K) > 32 Az ) 1 Bt E (ESA) background
Comprassion) (S—-WPIAN 1 B2 Mbps
MEPe APDs i
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APD degradation test: protons
*|left hatches indicate the electrical noise level
00 TTZEﬂeg* 1%31’.1 o ‘ 900 e ._ i APDs were irradiated with 230-MeV protons
=20deg, ¢ 7keV . i i
T=36deq. 150V 800 F e A Leakage current increases with the proton dose,
700 F 20 keV resulting in the degradation of noise level
o 10l 6ao § T=20°C * We keep the temperature below 25°C to achieve
o i % 500 f the minimum detectable energy (MDE) of 10 keV
= L . . .
g o 400 at the end of the mission life (1 year)
300 |
© — cf. forthe ERG’s orbit, proton dose is ~10 krad/year for
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« dE/E ~15% (FWHM)
* Angularresolution (elevation Aa): ~5°

(FWHM)
* Parallel beam focus (azimuth): ~5°
» Energy(E), Mass(m), and charge state(q) are measured (10-180 keV/q) (FWHM)
*  W-coincidence: START+STOP signhals = m/q »  BBM tests results agreed with the
*  T-coincidence: START+STOP+SSD signals = m, q simulation

MEPiI SSD and ASIC

MEPe and MEPi EM verification plan

4000
A 40 keV/q
3000 | | He operiments: dircles * System MTM test: July/2013 €DONE
o Het* * Sounding shock test (only for MEPi): August/2013
g 200} €DONE
1000 | - * System TTM test: August-September/2013 €DONE
* Electrical I/F test: October/2013 €=DONE
° 50 60 70 80 * Sensor performance test: January/2014
eneray kel  Function test: January-February/2014
* We usesingle-sided strip SSDs * Shock/vibration test: February/2014
*» Active area: 12.6 x 12.6 mm?
* Dead layer: *100nm (measured with BBM) * EMCtest: FEbruary/2014
— Discrimination between H+ and He++ is possible for E>30 keV/q e Thermal tests: February/2014

— Depletionlayer: 150 um (modified from the BBM thickness of 350 um)
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