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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 1mm diameter aperture grid in the spherical electron gun are presented.

Finally, the beam density, 105∼109 cm−2·s−1 within the ø50mm 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.

Key words Space electron radiation environment, Electron accelerator,

Extremely weak beam current
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Van Allen !�" � [1,2] 50 #��, � "
 !� #$��  !!%!&"�" [3]. #�
#'"#$%!, � " Æ!�$$(% Æ. %
�, &Æ'�)� &�" Æ!""#�, ' 57◦

%$�� &)�#*''&���'" �((
(%"") .  )'*+!� +"&,"�(
(�+"'(),-�)#*!-$./*.0*.

+,+�,� " 1,� " '%!+"+,�
#2!,#� 32"4� Æ0*#-56.

 )-%)�&./ 200 #$7�.2�./
01 [3], -/.#%/01/&�&/0401/
'-%$�28)�&. �01129:"-, &Æ
$2&,3(!01:"04� " Æ!3�)
3�34%',%�'� " Æ!""43#�9
/50*+Æ.

� ("" &Æ;� �+(" (+",,"
& )"),� X 6,γ  6&� -7(" (-
",-8",<"&='-.) �',%-�+("&
Æ*>#" �,((1�("(%,?4='6&

@*='6/. �" �,((1�("(%&?4
='6-2/0+'-�+�+"1� [4−6]. � 
+"/&�.3��0, 2 eV+5! MeV+5. �
 +"3%�+�/% 3 ,: � 1�+", �+4
9% 250keV∼8MeV (.:A4556#+"(1�
+!% 8MeV); -�+", �+49% 10∼250keV;

��+", �+49% 10keV 1;.

-5-<B56� -<-=671#� +
"" Æ!:�#70 6>&Æ, �5#778.
/� +"" Æ!:�#74��8*88C0
9. 809;2"12� +"" Æ!�-�9
:3+":;4 (50∼200keV) &1�9:3+":
;4 (100keV∼2.0MeV) 1,#'#?Æ9�D�
9<8CE9,=3F:+,&-56>+,/)
:. %-1�+":;4#2771@;? (HVEE)

* G"�69 2MV SingletronA9:3+":;
4; -�+":;4#;-5-<B56� -<
-=,-5-<B1�*!0*@&&<=HD�
1;-;/B;?6<12,&<=HD�1;-;
/B;?< , #69C"5�3� 200keV -�9
:3+":;4.
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1�=A8>*>B9

%12� " Æ!-+"�4?C:,81/
-1�9:3+":;4,'� +"" :�4"
"4�0 -$-��8&*8,,�.-'8:�
4�� +"" Æ!-�:�D7""/5, %.

/01/D?(:$2�� +"" 3�)3%
'.#+,&Æ2"12� -,1�+"" Æ!,

%1#� -,1�+"" :�#7D?4��
8*8Æ%, 4�#7:�@�&7�=D��8,
E$,8*, 1,:�D7�AI/5>!.

� " 0*2+"9:3:;4.*3+"
�+�1/%E,. ?��: @ eV !@F keV, ;
"+"G9)">2FBD?+����=3, +G
@2:;–A;$A. B-�: @F keV !@C keV,

6D@2*C:;$A, EJ�1@2:;–A;$
A. F1�: @C keV !@D MeV, B@2*C:
;$A.K;E8�:;4+"�+49% 50 keV∼
2.0MeV.

8-1�+"�8*8+,11@A+":;
4%F=, &Æ; 2MeV +":;4,200 keV +"
:;4,9<9=�+,,�"GC,-51;&+
,D:H0@�1<):. &Æ1;&E+I 1 @
H, &Æ;IL8="G 1.

-5-<B56� -<-= (NSSC) 8:�
-1�+"�8*8+,&ÆL89>5HHI%
!-=-,+' GSFC-REF ;IL8�'J="
G 2.

, 1 -./B0123C435675D
89EF:;G7

Table 1 Main specifications of the space

electron radiation exploration payloads

testing and calibration platform

M�?K M�N

��	� 2MeV ���
�: 0.1∼2MeV

200 keV ���
�: 10∼250 keV

(@��
�AF��
10 keV∼2MeV �	�IJ)

��
� 2MeV ���
�:

103∼107 cm−2·s−1

200 keV ���
�:

105∼109 cm−2·s−1

�
	J� 2MeV ���
�:

< 0.1% (RMS)

200 keV ���
�: < 2.0%

���L �� 50mm


���
���� �� 50mm � < 10%


���
K�� < 5% (B 30min �)

J<��� � 5× 10−4 Pa

�KG� 0.1◦

�KG� 0.1mm

CLK��
�� 360 h

LOD < 5%

MKM PNM��N�HQLM

O 1 �
	���
���OI
Fig. 1 Layout of medium and high energy electron accelerator system
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, 2 NSSC H=>/B3567I?J@ABCDKEHL
FGMN GSFC-REF EFG7HI

Table 2 Contrast of the main specifications between the medium and high energy

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

M	M� NSSC �
	���
���� GSFC-REF

�
��� � 2MeV ���
�� 200 keV

���
���
� 2MeV ���
�� 150 keV ���
���


���� J<��� 5× 10−4 Pa 5× 10−6∼5× 10−5 Pa

�P��� 1.3× 10−6∼5× 10−4 Pa

�LPQ �� 50mm, EQ�NF����L
RR�S�OJ

�RPQ�� 51mm, E��� 0.5∼12.7mm IJ���
�LRR�S�OJ

��G� S�G�: 0.1◦. �KG�: 0.1mm S�G�: 0.1◦

��PT UVT
��, QGRU UVT
��

2G 2 �1H!, -5-<B56� -<-
=8:�-1�+"�8*8+,9>5HHI%
!-=-,+' GSFC-REF �&Æ;IL8VW.

NSSC +"�8*8+,�+":;44�+"�
+49 (10 keV∼2.2MeV) R" GSFC-REF �4�
�+49 (50 keV∼2.0MeV). #W @81�8C
E9D�S7�L8R" GSFC-REF, �T(U4
""� D�Æ!12, 2V(U4XS#7�8
*88CKW�$27. Æ912$�, NSSC +"
�8*8+,'L/ÆÆ09-/E?0Æ, MSH
! 0.1mm, Y/IJ8C&Æ, V GSFC-REF L/
ÆÆ09J/0ÆNE, �8C-O�*.#'Z.

�=3�+$�, NSSC +"�8*8+,'LK'
/[\):�4""=3�+,-3-K'/1MS
BL]XT=, 4�=3.+&BUS��6�+,

XV/8C-$-=3�1M,. NY, 2G 1 --
�1H^,8+''+"=3�BUSD^/P1Æ
Æ,�T%#70 -$-��8*8D?0*U�
Æ%, -3J�(:D4412� +"" Æ!.

2�XO=A8>*>B9

2.1 O,KLPM
1�9:3+":;4, Q 2MV +":;4,

�TD?IJ1�+":�#74�*8�8ÆÆ
��+% 0.1∼2.0MeV N=3M,IJÆÆ�+"

, 3 2MV =>/BNOPEF:;G7
Table 3 Main specifications of 2MV

high energy electron accelerator

M�?K M�N

��	� 0.1∼2MeV

��
���IJ 103∼107 cm−2·s−1

	�GO� 1.0% (0.1∼1.0MV)

1.5% (1.0∼2.0MV)

Z�	�YJ� 0.1% (RMS)

��UJR < 0.5◦ (8.7mrad),

E > 0.5MeV

< 2.0◦ (35mrad),

E = 0.1MeV (terminal)


W[_ 200V (2.0MV), 50V

(0.1MV) (terminal)


WK�� ±200V (terminal)

�
P� CLEO, �R 1µA

���L �� 50mm


���
���� �� 50mm � < 10%


���
K�� < 5% (B 30min �)

CLK��
�� 360 h

LOD < 5%

=, #1�+"�8*8+,� Æ):1;. 8:
;4#2771@;? (HVEE) "P* �, %&
Æ7�L8="G 3.
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2.2 QRSQT
2MV Singletron A+":;4&Æ;+":;

4&) (EA),QZ5\ (SW),+""XQ:6,"
XE9 (EI),2RN5 +,1, SF6 YS/ST+
,/@0@�1<):, +I 2 @H. K; []R
:;4#)&+""XQ:6S`/.

2.2.1 URQRSOV (EA)

2MV :;4&)+,;+"G,aT+,,Y
31@!'4,1@:;W,:;,,\^,BL]
X&D�+,/):. +7% e�6D+".-+'
b% U �+c�, Z:�Æ�%

ΔW = eU. (1)

Y31@!'4D?1+@ U . 8!'42-
T+>U3+@""#5d@[3, ;U@)@4,
[34,+7e:+- (]f+-) &UgU@+
- (&+-) ):, hi-�1@:;W#. 1@:;
W�19#1@+9 (59),:;WYG�#6V6
V�B@Æ (G�1S^V�28W�'_\Æ), B
@Æ5 j6/@+X, jW/XC `, kVÆ 
/@'B0-+@ (_+).

:;,�1+@9�++"G&aTX+,,�
+@9 (+"3^P) YY1@Z\lÆ`[�\^
�9mB7&. +"G%:;4�'&?a+", 6
D/XW (c]! ) S,. +";+"G! , +"
G�! 9#6D [:X�0�+9 (Xc! 
^9), 9W! ^9 (c]! ) VJ, 1/! 3
a*,/YSb,_`��R[.

! +"3aZ�+�, !YS0, &Æ�[/
! 9>Z:6D!@[b!cb+5�G^+9,

Æ+"L!:;,�SP.G^+99:;,SP5
 -�+/\+XÆ+9,.+"=XÆ6D$S"
S:;,, 2V�1A\�Y&Ad("�n].

%kV+"=.-:;,39Y)/"ZZ
!Y1,XV:;,�+Z\, :;,#&Æ2
X 10−6Pa1&�D�S,;�+�[/:;,^P
>\^1Y�e[/"o)4�.

2.2.2 UR[S\TU
2MV+":;4Q:6^:;4:;�+"=

]HD�8CE9, '+"=�7�=D""�+,

/3-Æ'Kf=D""+Æ�c[.%IJ4?
d#&Æ. Q:6;BL]X,\6,g_,\+\
d4,/55\,e*^],e[/"o,�^_^
]&5^p/):.

:;4Q:6�qS67&Æ2*. K;�1
�+"="X+,Q:6qS% 6∼7m, �^+"
]H"X>D�9<#. 6D:;4�Q:6Æ+
��^=3`aA\a(�BS, ,VK;�:;
412b_&%/:;4C"'-. %�'�+"
=(0% 1μA, "SQ:6�`a`� (nA) +5
(1 nA = 10−9A), """X@&+"3aSL
% 103∼107 cm−2·s−1. W=rYa% 50mm 3, +
"3+% 2 × (104∼108 s−1), VW" 3.2 × (10−15∼
10−11)A, Q 3.2 fA∼32 pA, J:;4�'�+"=
�.#+5. %�K;�+"=3Q:6s^+"
]H9<Y, -+G<tAb=3,XuY +"j

O 2 2MV Singletron h���
���
Fig. 2 Schematic of 2MV Singletron electron accelerator
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N.b;�+"3IJ4CÆÆ�6>. -3, +�
:�+3b�JF/cd,'8C<�+5Æ!ÆÆ
0*1.

3�bO=A8>*>B9vcd

3.1 O,KLPM
-�9:3+":;4, Q 200kV +":;4,

&ÆD?fg 50∼200keV �+49�+"=, =3
�+�$2S1,�Yb, =3%:=3Nei�c.

200 kV +":;4�%-�+":�#7�4�*
8�8D?IJÆÆ�+"=Æ%,j91�:;4
K<4� 50 keV∼2MeVf+$49�8$=>. %
&Æ;IL8="G 4.

3.2 QRS]^_��V`
A:+"3&5c$$#12-�9:3+"

:;4SDZcjk. ;"`��+9A:+"3
#Vdgh�, %A:=3, .*lmQ:6q6f.

-�9:3+":;4-�+"#�#��9�+
".-ec5c$$VXÆ. Q:6qO:05c
�$$, "VD1:;4��+;B. ;"1�K6
gh, .-�:;40 (:cd.

;"+"�+.� ((� 30 keV),.b�5ce
O.+"XÆ. h+'_\+9:d�nofd5,

, 4 H>abc/BNOPEFW>G7
Table 4 Main specifications of medium

energy electron accelerator

M�?K M�N

��	� 10∼200 keV

��
���IJ 105∼109 cm−2·s−1


WGO� better than 1.0%


W[_ better than 0.1%


Wif 0.1% (B 8 h �)

�
GO� 2%

�
UJR 1◦

���L �� 50mm


���
��� < 10%


���
K�� < 5% (B 30min �)

CLK��
�� 360 h

LOD < 5%

eg5ce�h:90�.f. .f*dgd5
c (9=3$dwY�5c), ed5c (i=3$d
�5c) 'h:.f. 'gd5c.f�iR�@2
+;;g:

tanθ = BL/Bρ. (2)

%- B %gd5c0, L%:;4,Q:6qS, Bρ

%+"�5jS, θ %5ch:�+"XÆ$.

4?hi$B/:.:;4h!W4�45c$
d, 2xj<jX^pY*5c, A\:;4,Q:
6qS, =3k/�6f`%:d�ofd5, k2
\d6Vk75ch:�+"XÆ. �12-@f
$B-3.2, 2V+��`�5c.f�$$. k
26'\d4�1k75ch:�+"XÆ. XÆ
J'�-0, ljFBk7.

3.3 ghURi_jk
;"&Æ�#ei+"3,%�'�@2ln3

&im/jm*A:+"3.  )�"�A:+"
3�$B/+;Ef: ?A\+"G! �+"3,

Bk2aT+,,:;,&/55\A:+"3, F
k2=3Q:6&�\6,&^]A:+"3.

3.3.1 lÆURmghURi
67+"X! !R [7], �1\^'1�Y:

+c3�+"X! 

J0 = AT 2 exp[−f/(kT )]. (3)

%-: J0 %nc+"! +3aS; T %Z'pS;

f %+"�k^@; k %gnno*D (8.617 ×
10−5 eV·K−1); A %! *D, %!Rl% 120A·
cm−2· K−2.

�*2�+"G-,+W^9pSP�V(9+
'P1, ^9&(9 '1�� +7lp, �'X
B 3;A5,+W^9pSP1V(9+'P�, ^
9&(9 1�� +7lp1]^9m9 ^�
+'(�[, j�'� +7B 3.

XB 3&� +7B 32'��'9:+
"3. JP<k�$B#@2myc. qm9+'�
"^9+'. ^9! �+"1/6*��+/&,

n/�+P1�+"�T.-m9. 10�o9,
%h, +Wm9+'% U , j2m9G^�+"3a
S% [7,8]

J = J0 exp[eU/(kT )]. (4)
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q, J < J0, e %+"+7Z'l. rs!(99^
9k^@5b eUC, g (4) rp%

J = J0 exp[e(U + UC)/(kT )]. (5)

K; UC % 0.1V +5. �'A� UC �C:;�2
g (4) 2R.

'"9:3:;4, @2myc+"G#0*
<k�. %%n&Æ�+6DM2�m9+>, Q.
-p)m9+'0qScn+"3, .*�cn@
D+5, n&Æ�+6DM2�m9+>, V.-p
)^9:X+3cn+"3.cd.k2h5;g�
;^9pSi2^0�o9,C:�! +"3a
S, �32"�ms�+"G (oG 5), W^9pS
% 1700K 3, 2 0∼−1V cnm9+@, ! +3l
5)3�49!% 0.4μA∼4 nA. ;��o, .-c
nm9+@�1H! 5 D+5�! +"3aSc
n. @1@2myc+"G#�"�.

12+"G,aT+,&:;,3.*k2+
")p$t Egun. m,2R+P0, E#Kf2R
'12aT+,&:;,#+Æ�,+"GaT+,
&:;,m2R1A+I 3 @H.

^I 3 @H+"GaT+,&:;,m2R1
AQS Egun +")p12$t, '+"G&+"G
,:;,m�+")p""12,KW+I 4&I 5

@H. KfKW'12+"GaT+,&:;,m
1/ ÆL\op.

q,�m9t:ms�T.+"3(!(0�
!Y, 2V"SV-:;,SP^t�+"3(\,

H!(0$SnA+"3� �.

3.3.2 lÆ\TUghURi
]o&]Ef$B2#uo+"3q;OT,

�q;uY, k2^]uoY9+"3, no-=\
++".-. -�0:;4'q:/55\.  )k
2=3Q:6&�\6,&^](#n�Æ+"3
A:a 3%, QA: 1.5 D+5. k2aT+,&:
;,(#Jn�A:+"3 1a 1.5D+5. %�&
Æ�jm-#A\+"G! �+"3.

, 5 XaYpq 1700K r/Bstu1>v
Table 5 Electron emission ability of the

cathode at 1700K

�� r	�
 r	�
/A

�W/V ��/(A·cm−2) (r	
r 0.04 cm2)

0.000 0.862 × 10−5 3.448 × 10−7

−0.100 0.436 × 10−5 1.744 × 10−7

−0.200 0.220 × 10−5 8.800 × 10−8

−0.300 0.111 × 10−5 4.440 × 10−8

−0.400 0.562 × 10−6 2.248 × 10−8

−0.500 0.284 × 10−6 1.136 × 10−8

−0.600 0.143 × 10−6 5.720 × 10−9

−0.700 0.725 × 10−7 2.900 × 10−9

−0.800 0.366 × 10−7 1.464 × 10−9

−0.900 0.185 × 10−7 7.400 × 10−10

−1.000 0.935 × 10−8 3.740 × 10−10

O 3 ���������
�����h
Fig. 3 Calculation model of electron first focusing system and accelerating tube part
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O 4 �
�����pP (a); ��Æ���, ��
��	�� 0.1 eV, r��W� 0V, ���W −0.1V, s��W
� +20 kV �v� Egun ������� (b); ��Æ����, ��
��	�� 0.1 eV, r��W� 0V,

���W −0.1V, s��W� +20 kV �v� Egun ������� (c)

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

O 5 (a) �
��q�����	�������Æs�� 1mm ��rw���, ��
��	� 0.1 eV, r��W 0V,

���W −0.1V, s�t�
��q��v� +20 kV �v� Egun �������; (b) �
��q������,

��
��	� 0.1 eV, r��W 0V, ���W −0.1V, s�t�
��q��v� +20 kV, �
����
�vYz� 250, 150 � 50 keV �v� Egun �������

Fig. 5 (a) Egun simulation results of electron trajectory without grid, with ideal grid and with 1mm diameter

aperture grid at the entrance of accelerator tube, respectively. The initial energy of electron current is 0.1 eV,

the voltage for the cathode is 0V, the grid is −0.1V and the anode is +20 kV 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 50 keV.

The other situations conditions are the same to Fig. 4(a)
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�Q:m-,k2\6,..-:;,SP^]
�+"3q;OT,�q;uY,uk2]oD^]
uoY9+"3, no-=\++".-. uY�&
Æ �#ps+"3BUS.6DC:;+"3aS
xw1t/&. .-uY&^]Xub;-=�\
++", �T(!.BU�+"3. uYJ-3A:
/+"3.

*p.-9<[T^]�+"3uS9.-:
;,^P^]�+"3uS5J%+"3nA%
" α, \6,�Xs% f ,.-\6,��OT$ (/
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