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Abstract In order to test and calibrate the satellite payloads—electron detectors, the medium-
and high-energy electron accelerators with extremely weak beam current to simulate the electron
radiation environment of space have been built, including the experimental terminal which have
a vacuum chamber and a vacuum rotation plate. This work focuses on the physical design and
simulation of extremely weak, uniform, parallel electron beam of the medium-energy one, by using
electron trajectory program Egun. The simulation results of electron trajectory in the initial focusing
system, the accelerating tube and the twice beam broaden on different conditions including without
grid, with ideal grid and with 1 mm diameter aperture grid in the spherical electron gun are presented.
Finally, the beam density, 10°~10° cm~2-s~! within the g50 mm target area, can be weakened by 8

orders of magnitude from the electron gun to the target area, and could satisfy the requirement of

electron detectors testing and calibration experiment.
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Table 1 Main specifications of the space
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Fig. 1

Layout of medium and high energy electron accelerator system



Bl R F 2R T A A IRSLAR W BT M X AR & AT

741

& 2 NSSC PEEFURERRESEKEXEBTFM PO
F%3%E GSFC-REF T EIgHR¥ttE
Table 2 Contrast of the main specifications between the medium and high energy

electron testing and calibration system of NSSC and Goddard GSFC-REF

PEREEAR  NSSC drmfg s Il E R R4

GSFC-REF

ISR AR. B 2 MeV HF M ASA 200 keV
HL T A 4
TAEEZSE 5 x 1074 Pa
PR ELZS B 1.3 x 107 5~5 x 107 Pa

WEHEZE

RBERGE EAR 50 mm, RlE G LB R
PNINE vial Bl

PR BERRRIEE: 0.1°. FEREEL: 0.1mm

W RN, RN

B 2MeV HFIIEAFH 150 keV Wi a3 ZH AL

5% 107%~5 x 107° Pa

R ER 51 mm, WJZEER 0.5~12.7 mm {15 Bl N 328

WBER /M 1T
TN BE: 0.1°
R 2

N 2 WTLAFES], FE BB E K = R
DALY R RE I e AR R A 36 E A A
Tl [ 2532 8 GSFC-REF 1 FEER A bR 4.
NSSC Hy M3 %2 bR F2 S8 o T 328 25 55 N He, 7~ g
HEEHE (10keV~2.2MeV) fiF GSFC-REF #43Zill
REELHE (50keV~2.0MeV). AT H B i i iy ik %
L HAS EERE TS AL T GSFC-REF, REfA% 5 4T-Hh
PEAT 28 [ LS AR, N T 5 Sl R BB A Y0 3
SER IR B2 R ERR . F2 R iU E, NSSC BF
MR RGN TG0 =48 7-3), FEIX
F 0.1mm, FE/H R IR FE, T GSFC-REF {UH
AT ERA I, TERE S ORIRE AE.
FER P, NSSC B FIlR 24 RGN E
T PSRRI AR AT R, FBERLE T EEE
R R RES, S5 I AR A R &) B I AE R
PRIE T I R R S R A5, R 1 Ak
I LAE, R E R IR ST R TR
3K, REAE BT AR I PR R AR
254, [ B2 B BN L S M AR 2 ] HL T4 S FRBE.

2 RS T

T RRAER
T REMR 55 TR FE N AR, B 2MV R HIE AR,
RE B4R (1L T3 A2 TR BB FEL TR0 77 T PSSR
HYRER A 0.1~2.0 MeV HL AR b JF i 1 ZER A HL T

2.1

&3 2MV SEeE - FmEEFER ARG
Table 3 Main specifications of 2 MV

high energy electron accelerator

EiE TN e
HTRE R 0.1~2MeV
BT REHEE 10*~107 cm 2571
RERORT B 1.0% (0.1~1.0MV)
1.5% (1.0~2.0 MV)
AR RE B HOEE 0.1% (RMS)
HLFEHEUA < 0.5° (8.7mrad),
E > 0.5MeV
< 2.0° (35 mrad),
E =0.1MeV (terminal)
=i e)ia 200V (2.0MV), 50V
(0.1MV) (terminal)
R B 4200V (terminal)
TROLSR BE HELERH, Bk 1 pA
HL IR A 50 mm
B EEFRAYSE  HAZ50mm K < 10%
o EBETRREE < 5% (8 30min )
LR B BT H] 360 h
[l <5%

R, R IRE S RAWEREHM A, %
WA NG ZFE AR (HVEE) 281y, 2
BYERESR ARSI T 3.



742

2.2 fUBREELERK

2MV Singletron i H,FHI3# 4% 2L B AL F I
WwEMR (BA), JPRAEER (SW), T8 A2 e
M2 (B, AR ARG UK SFe ST/ R
ALK REIE A A, Al 2 Fros. X ELE R ITe
ISEE A A AN - Bz R BT 7
2.2.1 HFIESETHEF (EA)

2MV IES R RG B AR MREARS. B
TE A AR, mEIMEA:, IS . . AR
RIMEZERRFA. BN e i— PR TELRA
ZR U W)a, ¥nshEeh

AW =el. (1)

HEREEREASREAERE U R RS+
A P TR AL L IR AT 20 A R, FHIRAR TR AR
Byidr. BATRGZHEA HLREA) MMERTHER
7 (ERR) 4, A R EIEREA. & EE
A B TR 1o T LA (BRARL), s ks R i — P —
Pl 34 IR 3 (el v BE G HO MG B Bl AN 4 3E), 19
JEFFR2Z [ IR e FL B, A PR TET B, 38 G 3]
SMEAR BT IR ().

AR B R A S 2R AR I R R R 4, R
LR (FETHLH 1) (5B R4 G PR e
ML 2= B TR N DR A RS BT, —
By P (HECRST) Pi2K. TR THAS BT
B R AR IR IR B - T Rl (R 5t
BAMR), S AP (k) M, RA RS
T MR/, BRE AL

o —— = - ——————————

(LTI
4

Chin. J. Space Sci. =RAF %/ 2017, 37(6)

RSP TFRAIRRE RS, KSR, REERT
RHRALIGIN— D2 L TREN T R B R 51 Ak,
R IEE A . 5 AR S ImEEA T Z
] 3222 T i AR 6 ARG, 58 H - SR — 1 A B
AN INEAE, DA AT LA/ RE HORH B2 TaD kLT it

Ay 3BE S R, TR IE 2ok I A I AR 4 T i A
KRB R ARUE N A W B 4 2%, IR R S
P 1075 Pa DL B RSB, 223 tE BRI RS H 11
SO A SN i ¥ AR A SR BN
2.2.2 HYERWIES

2 MV HL IR Sz 20K s o I iy o 751
Bk EA R A, X IR RS Tl i,
I BEXT X U SR AT 0 B A TR R 1 L SR
IYERE. MZRMEH . BRE AR, FRS
mas. ARG, EEGH. WS TR, AT 4L
R AR e i S LA

ESHRE LK ERERERE. RN
REH TR AR TMEZBERKER 6~Tm, FPRHT
RIREROESEEN. —RmEsF iz Lz R
A RBRF SR UL 4 SR el 2 B AR BR B, SR T 3 B ey fom e
sy bt B MM IE SR e AN, HEEN T
REKH LA, EANGZLRIGEENL (nA) BER
(1nA = 107%A), #HTEBIFEBRTFREEN
# 103~107cm 257 . BHBEEA K 50mm B, B
TIRER 2 x (10°~108s71), FH24 T 3.2 x (101~
1071 A, B 3.2fA~32pA, HL I #8774 (1 o F 3R
RARZE. F X BLAY i IR S 2Bk
PRIREE S A, AN . P HUN 1

experimental
chamber

(not pgre ot SuPply)
- \

7

>
5 SSB {
Y detectors e

aperture (fixed) 7

e

N

clectron gun

~ =

\ 7
Jens (mag), ~
switchihg \ 4
magnesl

_____ 7
aperture (retractable)

K 2 2MYV Singletron A d1 N 2520 ¢

Fig.2 Schematic of 2MV Singletron electron accelerator



Bl R F 2R T A A IRSLAR W BT M X AR & AT

LB T 9 B TR0 e SRR 45 [RTI, dnit
5553 ¥ FELIRUASLIN -t ER A, X & 0 R R FR B R
FEHE.

3 FHEEAN S L HE T A A

3.1 FERAER

TREAR 5 L L TR A%, B 200kV AL T-hIE A,
FERALA % 50~200keV HERLTE BB T3,
RETR AV BT . B/, SRR A 55 SR BB S v] 3.
200k V AT HIEEES T 47 A A IR I AT A T
PRI SR 2 BRI BT S, 5 S RE IR
BiA B 50 keV~2 MeV 56 1R TH B IR A TR 3
FEH ARSI FE 4.
3.2 AEEBEIHITHYSRREE

IS IR ARG s 2 R REAR S IR BT
IE ST A S48 M. iy T IR RE B 5 055 FL iR
A EFJE W, iSSR0, W A BAE Ak —
FREAR 35 I B TN A% P B TR 2 KRR S
TIRE G Z MRS, BELRk SIS
BRI, BETT 3 R DA A RE B T RR. B P —
27 I, {5 HH 0T 25 A o] B

B PR TRERARMK (FAK 30 ke V), R/INWRES R
2 TR, AN AN 5 AR K 27,

&4 PEEARGEIE F 0SS E R MRBIER
Table 4 Main specifications of medium

energy electron accelerator

i aT FEPME

HFRER 10~200 keV

B RESENE  10°~10°cm %57}
EEREE better than 1.0%
[=)%e) better than 0.1%
[ 0.1% (& 8h 1)
SRR B2 2%

WIREHEUA 1°

L IR BE B4 50 mm
BERFRSSE <10%
HEETFREEE < 5% (8 30min K)
LR EBATE ] 360 h

[ < 5%

743

Tl A 0 RE T AR R T4 T 9ok A B 1
Gy (SR EE RS, HrES (W R RIT
HIRES)) AN T XTRERIRES T HER A S AR
LURAC

tand = BL/B,,. (2)

H B B NS T, L ARG EERKE, B,
LT RGN BE, 0 ARG 0 B T A

SERRERITIRAG  E IR E 24 H ) M 37 07
], PTG & BRI NSRAET, b inid 4% X fiiz
LR, ORI — S LiE B kR0, FIA
A2 B B (EREATE R T . FEOH LR
Tk EIEHEH, TR T REREARRL S T 0 s m. )
3t S48 7] A4 IERE S 3 R TR %%, TRE%
AR K, &N TIES IE.
3.3 REEEFIRMAE

BT RERZESE TR, BIARER Kbt
MEMSETFEBORBE BT, BRI TEs BT
WHITEAW T =F: O R B FH A ST B B 73,
QFI MR AL . M E M AL RWET B0, ®
FFISR G2 28 1 A MR R4S R 16 DRSS O
3.3.1 ¥ FHEFHRREEEE TR

WAF BT RE SR 7, oA H AN
L7 T Y FE PR

Jo = AT? exp[—f/(KT)]. 3)

b Jo HEGHE T RIEREE; T YEIEE;
fONRTHRER YL b OBUREEZE W (8.617 x
107°eV-K™Y); A NESHHEL HER(ER 120A-
em~2 K2

TEH T P, A SR BRI B B AR T FH AR P
PR, AR FHAR ] AT e =5 1] AT AR R, AR 7R
BRI Bz, fom SR B AR 1 3 A v ) RIS v S 45AR, BA
AR AR T A 7 2 T o i R R LA BB BA AR B ARG [ e L
FELE B AR AL, U7 A 2 ) e i PR A A

AR ] R 2 [ v A IR 1 SRR A BB AR AR 55 1
T HEEER IR RRAERY. SRR AR
THAMRARAL ARSI R RA R RERE M,
RARRE S B R dd k. O g
g, dn SRR AL U, T AR 51t i o -
Ej@ [7,8]

J = JoexpleU/(kT))]. (4)



744

BB J < Jo, e AT HRALEIE. HIEE RS
Wb B2 22 eUc, 2 (4) BECH

J = Joexple(U + Uc)/(ET)). (5)
XH Uc 24 01V 8% FERFHE Uc BB T

R (4) HHL

TR, KA R T R
. B — R R, BE
3ot IR i RO 4 P 0, S I L
AR, RBTAE R A T, Thd i
SR I S5 E, AR . b 2 7T
Fh BEASARL B £ T B L 4 5 5 o T
R, O TR B A (L 5), 4 IR
W 1700 K B, I\ 0~ 1V JH7 4R LT, 55 H

Chin. J. Space Sci. =RAFF|/ 2017, 37(6)

KB KRR T B 0.
3.3.2 FIRHE%BEE TR

M =T EE R EIE R TR A ESRA
G S MY, FAYCRRSEINE BT, Rikdd
EEFEL. XIS R IR, BT
MR S22 BB ARE DGR 2 H R T
TEE 3%, RIS 1.5 MRk FIHWR RSN
W B2 HARRS R TR 1 2 1.5 M. HE

FEHY P Bl R I TR RN B AT

&5 PFAIREER 1700 K BEE-FIEHIRGTRES
Table 5 Electron emission ability of the
cathode at 1700 K

ZAMTEEL N 0.4pA~dnA. AT, 3B E WhER AR KA/ A
MR PTG E] 5 A 2 5 T S BE/V HE/(Aom™)  (BATEAL0.04cm )
=5 LR P R B T Y. 0.000 0.862 x 1075 3.448 x 1077

PO A ARG I 3 A 0100 04361077 1744107
THIBRF Egun. BT REEK, HEX M —0.200 0220 x 107" 8.800 x 10°
MR RGO IEE LB, BT RYIR RS —0.300  0.111 x 1077 4.440 x 107°
MRS B BN E 3 . —0.400  0.562 x 107° 2.248 x 1078

W 3 B TR 0I5 R UM N A Bt S —0.500  0.284 x 1076 1.136 x 108
AU Egun F-FHIBFRIRT, X i FHEAT AR —0.600  0.143 x 10¢ 5.720 x 107°
IS By LB TR, 25 S 4 FiEl 5 _0.700  0.725 x 107 2.000 x 102
FiR. X Segh B TR R SRR S B 0800 0.366 x 10-7 1464 x 10~9
AFEIHRTEL —0.900  0.185 x 10~7 7.400 x 10710

B ARAEMARFL DA 9 BB A% 3 FEL R A5 B T KRy 1000 0.935 x 105 3740 x 10-10
AHC ITHEA AR A RS A 1AL B BT B,

50 20 80 202
— H TUUUU H —
L I
f

>

110

= —

G \ -
_ cathode j
grid / /

Py
// anode

—

T

=

—

Wﬂﬂﬂﬂﬂ

U

.

1L

collimator at the entrance
of accelerating tube

accelerating tube

collimator at the exit

of accelerating tube

B3 R RGN nEE Bt A
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Fig.4 (a) Structure of semispherical electron; Egun simulation results of electron trajectory as the grid aperture

with (b) and without (c) grid, the initial energy of electron current is 0.1 eV, the voltage for the cathode is 0

and for the grid is —0.1V, the voltage for the anode is 20 kV

— LRI

k W

without entrance grid

| QLR -

with ideal entrance grid

= IR 1) -

with entrance grid with lmm aperture

(b)
"'Illlll

with 250 keV energy at exit
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with 50 keV energy at exit
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HL 243 B R 250, 150 Fl 50 keV BHHIF Egun B B 408

Fig.5 (a) Egun simulation results of electron trajectory without grid, with ideal grid and with 1 mm diameter
aperture grid at the entrance of accelerator tube, respectively. The initial energy of electron current is 0.1eV,
the voltage for the cathode is 0V, the grid is —0.1 V and the anode is +20kV which is equal to the voltage
for the entrance of the accelerator tube. (b) Egun simulation results of electron trajectory with ideal

grid at the entrance of accelerator tube. The final energy of electron current is 250, 150 and 50keV.

The other situations conditions are the same to Fig. 4(a)
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Fig.6 Egun simulation results of electron trajectory including the twice beam broaden in the transport tube
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