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i 4 250 eV). Grimani 4 12 fll Wass &6 131 £ X}
LISA Pathfinder, F1 FAH [ f9 fa] H A5 B {15 FAL A1
) 70 FL %N 38.2 +e/s Fll 43.7 +e/s, TEFLAH
BORA TM1: 22.9 +e/s; TM2: 24.5 +e/sl. B8R
PN AN AR AT 5 5 R 0 B B ) 78 L R R L 28 T T e
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BRG] | AN ] 51 2k 0 78 HL RE ) ) L RGOk
FEHLER & L | (A AN [ e i B 72 L TR A
D3 T FTE AN 5E 3.
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PR E T H GEANT4 JHA40. b TR T
BN AN | AN [A] e ERL X 3o 22 119 FE AL
55 R XA [ T 3 0 o e 7 F, S i
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S KRAE I BE R KT 100 MeV/n B 5 T S 8%
(*He Fl ‘He) A1 C, N, O %5k #4770 AL, XF
1989 4K PFHRRERI T (solar energetic particle, SEP)
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IS 58 SR (Mo), MK 74 mm ., ShdK
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(UK 75 FL e 4 0 dn el b | 2E 0 % R S R 4,
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(a) BAKBERY, (b) HPEAL B AR TR

Fig. 1. LISA spacecraft model: (a) Overall model; (b) inertial sensor model.
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Fig. 2. The spacecraft model diagram in this paper: (a) Geant4 model diagram; (b) schematic diagram of the model plane.
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Table 1. Spacecraft geometric dimensions and material composition.
B EEN0: % I /(g-em™) Rt JEHE /mm
0 Au(70%); Pt(30%) 19.837 46 mmaz ik —
FHERR Mo 10.28 74—86 mmA7 i 1K5E)E 6
b= Ti 4.54 75—80 mmERIEZ 5
fikshe c 2.10 80—100 mmEk7E/2 20

BT (TM) S8 (Mo) Z[EIFIEAH (Mo)
5ECE (Ti) Z MR X8 2, BARMR AL
faf RS AndA R R 1 ). ZEARSCRyBEstlrh ) |2
FI#EE N 1.0 x 102 g/em?, % BFH b T2 M
— A48 120 mm AYBRTAT | 25300 [m] P 35 5 oo A
SR R AR,

2.2 IRETEREE

| AR T K A 7R 2 b 3Kk 0L T 28 K P TR
1706 7% GCR M1 SEP #yZdy, SER &
T HL. GOR RE TS B A BH A 199 14 A8 fh 5 B 25 ir R
], 2K BHB/NE GCR 138 B e . 78 A B/
4, GCR BEIEAL N : K& 90% HIET . 8% HIA
¥ (*He F1'He), 1% BYEZH 1% B F. A FE
B PR SRR/ NV A XK W T 6% (PHe
Fl4He) F1 C, N, O &40 T FABH KAEFTF . &
¥ (*He F1He) DLEXF BRI 1989 4F SEP W4 {H
RETEEA T 78 LML LA AT

FIFH CREME96 #7113 5 51| & BH 3% 3 i)
K KB S /IMEFE K BH 1AU 4b 454+ 1 g ik
WE 3 s, 1989 4F 9 A 29 H %) SEP I {H i it
A 4 frs. BT RA KT 100 MeV /n kL
T A REZE MR A BT i AP Y R, il 2 2% &
fig it KT 100 MeV /n (K. F. CREME96 £ 7 i}
RS2 ) T LR RIS A AT X 43 3He Fl *He, 77
BN TR He BEIGHE 7240k, $1%1°He /*He LLf71
C B 2 0 B 2R A L A v i A B 5 27 117200,
2 FIER 3 T RIR T K S RAESE O(M).
K BHIE Sh B /INES B O(m) H94E 21, 4R 22
34 He A AT LSS 5] 3 He Al 4He A58 2 2223

F(*He) = C/(1 + C)F(***He), (1a)

F(*He) = 1/(1 + C)F(***He), (1b)
Ho Ok He5 ‘He ¥ b il ; FBY 35 A7 K
m 2s1-Srt(GeV/n) L
HREFR 2 F13R 3 KIHWE SR B/ IMER S 4L
1k 3He/*He Hl C, 18 A *He il *He 38 5T H A
3 (1a) 2H (1b) Kb, 255 th CREME96 AU
AT R B S+ He (I 5, TS BRI SR
KB B/ N 3 He F14He RUiE R, A0E 5 Fis.

10%
S o —— Ne-KBHIR/ME
103 F T — Mg-KBHR/NE
e —— Si-KIHR/NME
102 T .

100 —
100 F———
10-1F

10-2F — Proton-JK FHAR/NE
— He-KFHR/ME
1073 F — Proton- KK

Flux/(m~2s~1.Sr=1.(GeV-n—1)-1)

b He KMt N-RFRRAVE
1075 cokmitAve — O-KMHHME
10755 100 100

Energy/(GeV-n~1!)

3 1 AU &b GOR & K43 fgilk
Fig. 3. Differential energy spectra of each element of GCR
at 1 AU.

109
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—— RPHAR /N BRI T 25 T
—— RPHAR R AR 52 B T
—— 1989.09.29 KHE e T FiF
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101! 100 10t 102
Energy/(GeV.n—1)

B4 1AU &b 1989 4F SEP 4 fE 1%
Fig. 4. 1989 SEP differential energy spectra at 1AU.

F 2 KIAW/MEHe/He BIZEULILE] C(m)
Table 2.  The parameterized ratio C(m) of *He/*He in solar minimum.
E/(GeV-n'l) 0.10 = F =< 0.36 0.36 = F < 1.00 1.00 = E =< 140 E > 140
C(m) 0.335 x E059 0.187 0.187 x E04! 0.22
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3 KIAWKAEHe/'He HISEALLILSI] C(M)

Table 3. The parameterized ratio C(M) of *He/*He during solar maximum.

E/(GeVnt) 0.10 < F < 0.30 0.30 < F < 0.80 0.80 < F < 2.50 E > 250

(M) 0.239 x FE0-538 0.125 0.140 x E0-496 0.22

o 40 X

| 103 —— ﬁ%%’g'fhjﬁ?ﬁ

:‘\ S 35+ . 32.821

5102 o~ 30182 SL313 30.672 30.92?:/fi_7£9/———

> e 30 T |

] - T o

9/ 10t o ‘w 25 k

v—‘i [}

& 100 L oot

2 <

7 Proton-KBHAR/NE s

2 1071 Proton-KFHR KAE @ 15}

! b He-RBHMR/ME . R ol

E 1072F  spHe KFHIME N\

E 10-3F 1He-KHAR/NE SHe- RFHARRAE 5+

£ —— He-KBHAR KA ‘He-KFHIKAE
101 100 10! 102 0

Energy/(GeV-n—1)

E 5 FHZk Proton #1 He(*He F1'He) 74y BE T
Fig. 5. Differential energy spectra of cosmic rays Proton
and He (*He and *He).

2.3  WIEER

GCR 1 SEP 119 i fe M Fnsik 7 PE R vk & A
B R & SRR & A 52 44 i i A
FE7E A KR R UL T WX e YR G FURL T
ER BT RBARAY BE £, 0 AR S AER ARSI AT
TSR T . A SCHI ] GEANTA B0 & g
H eV #| TeV BEEEF AP RERIAY I H X A~
TR E 7= TR IRk T I T R IR . R[H
FPFRE 2 AR S5 A N P B R B R,
(B FE N RRE R R L i Fad AR L AR
PRI RE, bl R A8 R A3 o 5 H R )
B R AR . X FICRE R g, GEANT4
RN HL G I R RO T (e, e, ) P AR A A B
4 250 eV (6 b BT BE 2924 50 nm), KT ik
Rt IO T4 AN PR T BRER.

3 RER

3.1 GEANT4 R[EHETKEH 7t R

1E GEANT4 w1, B i B2 7 A R GORE A B
R (BN 250 V. A SO IR BHAE gl NE B 1
RE T X A ] 48 T4 T 1 00 3 5 5 Fl, SR8 A T 8
IR, 24 50 7 BT AR A, 430045 2
WS 1 mm, 100 pm, 10 pm, 1 pm, 100 nm
150 nm WAYFEHLEER, W1E 6 PR

\ < <> > > \
AN AN A > o
A O T AN @

PP
Bb Rz

6 AN [RIHCNT I B2 B 5 H R
Fig. 6. Charging rate with different cut-off lengths.

WA 6 firs, AR T B2 R BRI st/ N
JF ) TR RS AR R AR U, AT
AT (R GRL 7= A= I fil i B (ELERAIR) BE4EIA5 2] 1
FHL HUR SR . ZE BT B 50 nm B T L
IR, M 32.821 +e/s. BEE BT R8N, #
WM 1 mm BN 50 nm FEHLRIEK T 8.74%.
< BT B A0 AR A AN 25 I 2 1 s i 0 5 2
FEHL AR,

3.2 XPHENHRK.H/NE GCR 1 SEP
B 75 B AR

FERBATE S IV, (ARSI FH 4k Proton,
3He, *He, C, N, O, Ne, Mg, Si fll Fe ki T 125
e 4 frs), A ki1 A ST 2K 2% 5 15 R
R S R RN R 7 s, o C, NI O 45
T TR AR AT R R R S O 1%, 5
Proton, *He #14He # Ft 7] UL Z W, SE & EE T
NS R ARATF 2 e f e 5 /N, B AR R PR
KA AN 5 T 10 sk, {43 J& Proton, *He
A4 He X} 78 LR A 5Tk, 78 A PHIG s KAE R, {5
ELARALU) T-5 28 Proton, 3He #14He i 0S80
3 5 Figl, IRAFIX LR T A BT R A5 1 i
ot 1) 7R L A3 A A 7 TR

WA 7 PR, KBTS Sl INMEAR 4 2%
B AR EFTH RN 39.469 +e/s: At Proton
B 7 HLEUR R 32.821 +e/s; AT 3He Y 70 HL 1 %
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1 1.166 +e/s; AdTHe FFTHLHEZ N 5.024 +e/s;

AGF B B R SR R 0.458 +e/s. Hir

i F 55 L R EE 83.16%; 3He 1Y 78 HL R (i H N

2.95%; ‘He B FEHLR i IRy 12.73%; HEHEF

MIFEHLRE A7 R 1.16%. 76K P& 3/ IME, Proton

%) 7% HL SR Tk o S AT, AT “He 1 70 LR
#4 KMIB/NMEFHE TR THEHSH

Table 4. The main particle simulation parameters

of cosmic rays during solar minimum.

RLFFIE R FECH A REENTH /s BURNER/(cm 25 Y)

Proton 700000 353.65 4.375
SHe 100000 3563.35 0.062
‘He 120000 806.26 0.329

C 100000 21052.63 0.0105
N 100000 77561.47 0.00285
O 100000 22128.79 0.00999
Ne 10000 13644.98 0.00162
Mg 10000 10476.25 0.00211
Si 10000 14542.70 0.00152
Fe 10000 19562.20 0.00113

1.116 (2.83%)

5.024 (12.75%)

0.4578 (1.16%)

0.435 (3.47%)

2.953 (23.57%)

I Proton [ *He [ ‘He [] Other ion

T OFHAKSR TR () KRESHANE; (b) &
FH I Sl AR K 47
Fig. 7. The charging rate of each particle of cosmic rays:

(a) Solar minimum year; (b) solar maximum year.

£5 O RIEBKAEFHERE IR TS
Table 5. The main particle simulation parameters

of cosmic rays during solar maximum.

BT RPHA /A BB /s BUNER/(om 2 )

Proton 700000 353.65 4.375
*He 100000 3563.35 0.062
‘He 120000 806.26 0.329

ROk b AT L R 95.89%, HoMh H B T T
BRAY 5 FE R A1 1.16%, T LAZW.

T K BH 15 B AR B ] 5 i 2R 4% 32 B Tk
T NGB FERE R 12.531 +e/s: ASf Proton
B 70 L RN 9.143 +e/s; A ST 3He B 70 L 3R
49 0.435 +e/s; At tHe BFEHHER 2.953 +e/s.
K FH I Bl ACAE 1Y) S 78 HL 38 ok K B ZIME (GCR
BELEN) N =02 —. HP R TR h
72.96%; *He 30 HL R 5 L6 3.47%; ‘He R L
R 23.57%. WTLAE B, KBTS SR A i+
P FEHL R TR 5 LR, BTl *He A9 78 FL R BT
Mk o R T L LR 96.53%.

1989 4FE 9 1 29 H SEP {4 TG I H S
Boanse 6 frgl), BT RERVEEIN 0.1—30 GeV 1)
KT (7 EASR7E 1989 4E 9 A 29 H A FHARE
R IAEE T 1Y FE LR 120700 +e/s, S& K
T B/ INE T 78 HL 2R Y 3000 2485, X TFEE L4
) SEP Z4, XL 18 b ) 7 f XU, A
4 s ] A3 2 38 105 | 1 JB 00N g 22 52 1) B K ik
FEMETS .

6 1989 4F 9 J] 29 H KIHERER T H T ESE

Table 6. Simulation parameters of the SEP event on
September 29, 1989.

BTRE BiTHH /A SmEENE /s BUNESR/ (cm 2s 1)
Proton 500000 0.150

7385.53

3.3 KBHiEZNR/INE GCR ¥R RHF i1
k0 7T FB BE 1 AE L

FERBATE Bl IV, THE TR i e ki1
SRR = A BA) L RGOk -1 1 A it o 2
HLTHR, Q3 7 T8, AR T IR T 7S
HL R B # f RTE ORI 60% LA b (Bl i
/N Fe). X 70 H R BTk AR K 1 57 F1 “He, 919K
T IR G B 67.07% Fi 100%. T T
R IR F TR R 72.86%, F AL
o PR R (14 2 B TR R T GOk LA
Rt o .

e 8 fizw, 76K FHIG shil /M, BB EA
P FH RSB F I FTREE . (AMERIE, 759
KT 5 o 8% 1) He(PHe H1 *He), BTk T
MITHLER 15.68%; FERIH T H & b o 1%
FYERE T, DUk TR TTHRAY 1.16%. 1% ASTROD 1
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AT LA A5 2R 1, 3 o T AR 2 A G
R A e 1) S L RE T AN TR (KT A L Y E
FHFRIIAF), He FEHRAE L0119 2 4%, H
KL I ST HLRE T B AR T BT 1 SE L fiE
RTOTHEW KPR IE TR

Table 7.  Charge rate caused by primary and sec-

ondary particles of cosmic rays.

LA UJ 7€ e 1 SRR € 1w b Vi N VI € e
2 F/(+es) F/(+est)  FEHEL
Proton 22.016 10.805 67.07%
“He 1.196 -0.029 100%
‘He 5.125 -0.100 100%
C 0.182 0.023 88.78%
N 0.042 0.009 82.35%
O 0.123 0.020 86.01%
Ne 0.0132 0.0026 83.54%
Mg 0.0137 0.0064 68.16%
Si 0.0087 0.0058 60%
Fe 0 0.0084 0%
5 o N
- —— FEHAE TR ZR
E: 0.%3[
L 0.0395
i I
= 0.0338
& 0.0317
() 3 -
j 0.0216
9 0.0211 0.0211
o 2+
= .0166, 0.0165
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Abstract

The testing mass is the core sensor for measuring the spatial gravitational waves. The high-energy cosmic
ray particles penetrating the outer structure of the spacecraft result in the electrical charges on the testing
mass. The Coulomb force produced by the charges on the surrounding conducting surface and the Lorentz force
generated by the motion through the interplanetary magnetic field will exert a serious influence on the geodesic
motion of the testing mass. In this paper are investigated the process and mechanism of charging the testing
mass by high-energy particles from different cosmic rays through using the Monte Carlo simulation method. It
is concluded that the charging rate gradually increases with the decrease of cut-off energy under the same
energy spectrum. The positive charging rate (elementary charges per second) in the years of minimum solar
activity is predicted to be 39.5 +e/s, and the protons account for approximately 83.16% of the total quantity of
galactic cosmic rays. The positive charging rate of the testing mass during the years of maximum solar activity
is about 12.5 4e/s, and the charging rate of the testing mass of the worst solar energetic particle event in 1989
is about 120700 +e/s. The charging rate of the components of the galactic cosmic ray depends on the deposition
of primary particles of each component in the testing mass during the years of minimum solar activity, with
primary particles accounting for 73% of the total charging rate. The charging contribution of protons in years of
minimum solar activity is mainly in an energy range of 0.1-1 GeV, accounting for about 65%. The research
results can be used to assess the charging patterns of test quality on-orbit charges and provide a basis for

designing the charge management and on-orbit work.
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