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Abstract The Electron Beam Ion Trap (EBIT) is an experimental device used to study the physics of highly
ionized ions. The intermediate-energy compact EBIT experimental platform can generate an electron beam energy
of 30 keV with an electron beam current of up to 20 mA. It is of great importance to study the impurity spectra in
future fusion reactors. To produce a single high charge state ion, the trapping area of the intermediate energy EBIT
device needs to be kept under an ultra-high vacuum (10 Pa) condition. Besides, the low-temperature supercon-
ducting magnet also needs to operate under a vacuum environment of 10 Pa to maintain a sufficiently high heat
resistance. Therefore, the vacuum condition directly affects the performance of the intermediate energy EBIT
device. It is necessary to develop a stable and efficient vacuum control system to improve the stability and reliability
of the device. In this study, an intermediate energy EBIT vacuum control system is developed on the basis of the
RS485 bus structure and the Python programming language, which realizes remote control, data acquisition, and
interlock protection for the EBIT vacuum system. Currently, this vacuum control system has been running reliably
on the intermediate energy EBIT system for several months. The development of the vacuum control system for the
EBIT can meet experimental requirements, providing a reliable ultra-high vacuum experimental environment for the
intermediate energy EBIT system. This study is of great significance for the steady-state operation of the
intermediate energy EBIT system.
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Fig. 1 Vacuum system layout of the intermediate energy EBIT
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Fig. 2 Structure diagram of the intermediate energy EBIT vacuum control system



24 H o= B

ST 5 I NI S

o 44 3%

helium tube

1%t cold head I I
=~

current lead

power
source

compressor  thermal

2" cold head

superconducting
magnet

cold conduction
components

K3 SRR RS R K
Fig.3 Schematic diagram of superconducting magnet system

structure

it (RS485/RS232 converter) R AT 3 1 1t 5 %t 45
FE Y B B AT iU R AR, A TRl TR PSR H
Modbus #48 .

PSRN 4 £ H 6 LA A 128 MU s
il #% (Gauge controllers ) 2H % . ,\§%ﬂ LB ]
Pt 2t 1, LA A S ARG 00 4% o L2 IR I A5
(R e 26 2 45 i, 5 Al 1k RS485 3 TR M

H3RAE RS485 4k I, 24 IPC i o) sk mda bl o5 &
IE PR S R AR, gl BRI R B

{E & 2445 TPC, IPC i i |7 HLFE P X6 25 B9 E
FPALBR, AN SE P T 2R 48 S B A e

3 ReEHHFE

RS AR5 K Python R FE1E & HETH S -
PyQt J& Python Za 1% 5 Y IEIJE H P AL 1 (Graphical
User Interface, GUD JF & T 241, fifi i Qt B4 1% >k
SR, e AT LAHS Bh I & N B H H Python 18 5 K 4%
PRI TN AR Y, BT Qt AR B &2 —
B GUI T B4, Bl H] PyQt s ] DL s {5 M 55
PLES - & B R AR o &

ARG R S A PyQt T B 47 A 4,
HARGEREELHE LT P20 38 15 %6 M Qt Designer
¥, PyQt H 1) Qt Creator %11 UL Fi, K5 it 0438
A E R 0 b, A AR SCARHESE, IFik
HHJEEMA R, KRR E ERT, £ FE T
i 5 50 B 10 MY 55 18 B AR S B 2SR R S
N, ﬁfﬁ?ﬁ%ﬂﬁ i LA K R Ge ik i AR 4 45 U g

5 58 HLH (Signal and Slot) /& Qt ﬂ:mq3~

e UL A = A SRAIL R, 38 A5 S A SE g 2
[ 385, Y — AR R I E S0, iR % [ 3h
BEPAT, S8 A CHRAE . AR FRAILEI T, W LA 8

() 58 BT 5 0 2 VL2 R 1T B4 A, 9 T o5 o
TR G NN — M55 Rk £, IBA 52
SR A pR BSOS 4 A sh B IR, B LA R BLAE A
PR 0 S I sl Ay F A L 55 2 AR, Y S
SR R G2 B 35 A 3h o AR B ERAE
X ARAIL T 07 FH AR 7 T 4 A 38 43 =22 ) AT AR A &
N SE BRI R TG | k. ol dedr AR A s e

RGP0 ER )y TAERBWE 4 s, #
FH Python 1) 22 4% B B A 7] Bl 32 U 5 028 B D )
i A B A, AT 4 ﬁﬁ?%ﬂzﬁﬁki Sliipu
£ ) B2 TR A R R IR 1 48 4, SR Lk Il
BRI A RSN T IR TAETE R, WK FIEw
10 B D) R B 2 () B B i, A HE R 5 I R
A M EZS BT TR. R RELHZET R
FERFR] A5 2, A Python A9 5E B 28 T RE 96 5 04
PRAF AT, A 240 i 2 st A s A A S B0 H R A7
SR SCAE, KRR (ESE N BA R TG R OR AL R]

initialize serial port

send instructions
to read data

return the data to
serial port

K4 RGERFHER

Fig. 4 Flow chart of system main program

2G5 (0 B0 R A A R L i s iR . B
1) £ ZL T RE AL 45

(DB EANEEES . 208 2R F I
RS Z 5, §E0T LS S o 5 R 3 DR R g
il L2 AR LA 1T 08 T S AN G AT

(2)E= ﬁﬁﬂﬂfﬁﬁ%ﬁ*%ﬂﬁmo%
J 22 LR R 252 1) 4% L 25 A DI B8 A R U 1) 4
iﬁﬁ%ﬁzmmﬁmigﬂ?wL%ﬁwﬁﬁg
% L 2 A AR I B S O S b s AR v i L
AT AR BN ES EERES RGN ES



o1

S BB TSR R T R LA ) R e 25

E PRSREBTRSIMERR

thermal

e

current lead 300

— top end of current lead
— top end of magnet
4
SOUTEE S 200 — thermal shield
2 150 — bottom end of magnet
8 — bottom end of current lead

power 250

(]
supercond- £* 100
ucting 8

bottom end of magnet

magnet 50
0

|

|-

external
pump unit3

0 20 40 60 80
time/h

100 120

1072
ReREeH
a7z Il ot | w0 Bl o < 107
a7z Bl ot |vax: [l st o
=
a7z [l ot | ez EEl ec L
3
v
BERRQE REBM @
[ N 210+
ReRuetE/s 5 ] _ok GV1 GV2 GV3 GV4 o
BERAeE/s (180 ] _ok | G.VS s.vo G’, ?g
Erpees| sapess o B 9 0
mm (1E=a ] ok

— vacuum of internal chamber
— vacuum of gas injection system

w‘

DATE TIME:2023-07-02 14:1829 0

20 40 60 80 100 120

time/h

K5 rhREEL EBIT ELas il R 40 AL

Fig. 5 Interface of the intermediate energy EBIT vacuum control system

M4k, Reag BN EOUL Y 2 48 B s AR fh i 95, i
#%ﬁ%%&A%%ﬁWEEAAnmJ@£%

SRR, 38 SR FR G LS () SE AR R AT DAAG B
ﬁEAMWWE:m%E‘ﬂﬁEWHHU#ﬂE
PRI EA

(3) A B RAFEAE I A e th & B T T
TR S I Y A A — BT[] P B2 R AR AR Ak
BT R GRS S S5 A R TR, R4
W1 Bl S O DR AT B SO LT I i TR 4
FEM RS H ST, A s s R, 4 B
Y ey RIS E

(4) LR G LW REFH EFERLT
23 DA ) B0 €8, 52 B Sk 7R 451> 28 1R 1) R0 L 28 Y
I1’EJim , BE SN UL b 5 4R 45 Has I s ATk

A, TRl AT DL i 5 s E, A T
3!@%@%?%?&%: L IR £ BAS I T TR+
I, R E RS N R4,

4 HZEHRZEM

MR R G A Jm 58 W P RE B EBIT H 28 RGN
T, MR A U A Y HL R P A Z T HE 2 R RS485
S 2% E, d IPC AR B, HARME S W&
VB 3, O 4 A0 4 0 FE E — A ik, T 46 i2E

et Eas RGE 5wk 6 Fis .
BT B i R G E R, S5 TR AL
m%ﬂz%n;a/\ mn I\ ELZS SR S BT LA B &R
il B 18 R REAR, 2 B A Won B o B FE AR
F 1 Pa Hq‘ nﬁiﬁﬁa\%ﬁﬁ ST IR 4550 T X
AEBt EBIT H.25 RAEHATHIR, RG2S TR
S5k KZy 5 K3l B 25 ], 2R 50 0 B 28 BE A 5|
7.6x10°° Pa, BEAE ARG H A5 A BI{H N 1107 Pa, 47
TR SR E A RGBT 0 5 7B X A

==,
‘s- —
= molecular

o PUMD & ° B

- .
vmdow: 7‘

"

V\ < ._\7'/-
/(\ 3 '; PRE tﬁum.q"}

\&‘ e

N
megh"mlwl N /
pump’
| |

Ee6 H=RGEMATG

Fig. 6 Test platform for vacuum system

[
_—




26 Ho o= B

544 3

Ar, W E] 2R 58 B3 il BT, 8 7 RoR R EA
Ar Rif Ji— BN 1] N LS AR AL

8 e/ 1Y 2 ZR 48 N L 25 i L2 B {EL I R
GEARARAR D, P L S Lk A B T B XA A,
MRGEA T 13107 Pa i, BB R S fih 2 56 4]
T A B EAS TR TR 22, s 4l St i L i
ZEARNATSELLAT, RIS N A s B
AN A R APl B AR A R A AT 9 P il
Ve LT AL Z8ad 20 A /N ¥, 1 1Al BE 1 %)
6.5 K I RFFASE , BT 1 I Ul B o 9 K, i Y
RE AT AT MR R R

2.50
225}
2.00 |
1.75
1.50 |
1.25
1.00 |
0.75 1

0.50 =— ! L
0 200 400

pressure/Pa

-

800 1000 1200

660
time/min
E7 WA Ar G EE 2 b

Fig. 7 Internal vacuum variation trend after Ar injection

E RIBEBITRSEM RS

thermal
shield %

temperature
- sensor channel

- a X
300
ower 250 —top end of current lead
EourceM — top end of magnet
©200 — thermal shield

— bottom end of magnet

g — bottom end of current lead
supercond-='10(

ucting &
magnet 50

L
0

external

0 20 40 60 80
time/h

100 120

GVl @ pump unit3
V2 @ 102
REFELH
ars _an | Il vex Bl o < 1073
ars2 av | I ves: EEl o &
a7z _an | Il oess Sl s g
w
WERRDE PE3 1] 2 10
=
RERWE/S 5 0K GV1 GV2 GV3 Gva o
BERAE/s (100 ] _ok | o.vs G.“ c.w 22
Enpgitk| BEHEHE g‘ gz g] 5
4] ok 10

— vacuum of internal chamber
— vacuum of gas injection system

N

%8

40 60 80 100 120
time/h

RGN B B AR R G RRAS

Fig. 8 The state of the system when the internal vacuum exceeds the threshold

300F ——top end of current lead
—<top end of magnet
250 —+—thermal shiel

—<Dbottom end of magnet
——bottom end of current lead

temperature/K
&
f=)

100 +
50
0 L 1 1 1 1 1 1
0 5 10 15 20 25
time/h

K9 mEARIEE A LS

Fig. 9 Temperature variation trend of magnets

5 it

T SEI v BERL EBIT SCI0 V-4 4% EL2S BT E
25 b S W 55 4o, Sk PR B EBIT 4% B i
o AT YRR LS 1Y S U BB, AR SCHE T RS485
SR LR Python 418 5 1T H RE B EBIT K
2R R G, SEIL T A5 BT LS R Y SRR S
7N, B2 B I AR A R G B s BRI I DI RE
F G0 R F A B i 77 207 (8 X A T B 1 A
PR B, MR MR T R G TAERCR, #5174k
PPN, 2 RGN, B RZE 0T KR
FE RIS AT, A IR B A o5 Y LS i R S

7



s

1 S BB TSR R T R LA ) R e 27

TR, R YA S & BB b T g, AT LR
N BRI ) 2 4, 45 J T ek 2 ) 1), 42 T
TAERCR, BER T REE RGE AT SR L AR IR K
SRR A, B ARG A TN E A I R s R e
] 5 T0 I, 33 76 I L2 1 ol R G e A K i ) A
TAE,

(1]

[2]

[3]

(4]

(5]

(6]

(7]

(8]

(9]

f10]

2 £ X #
Bin B, Zhang H M, Yang Y, et al. Conceptual design of
impurity spectrum research platform based on intermedi-
ate energy electron beam ion trap[J]. Nuclear Techniques,
2021, 44(03): 1622 (FE, skUtW], A1, 45, ZE T g
B TR B B 2 BOGIE BT & & BT (1]
Bt AR, 2021, 44(03): 16-22(in chinese) )
Levine M A, Marrs R E, Henderson J R, et al. The elec-
tron beam ion trap: a new instrument for atomic physics
measurements[J]. Physica Scripta, 1988, T22: 157-163
Steven R E. Studies of highly charged ions with EBIT and
super-EBIT[J]. Nuclear Inst. and Methods in Physics Re-
search, B, 1995, 98(1): 114-121
Utter S B, Beiersdorfer P, Trabert E. Electron-beam ion-
trap spectra of tungsten in the EUV[J]. Canadian Journal
of Physics, 2002, 80(12): 1503—1515
Knapp, Beiersdorfer, Chen, et al. Observation of interfer-
ence between dielectronic recombination and radiative re-
combination in highly charged uranium ions.[J]. Physical
review letters, 1995, 74(1): 54—57
Neill P, Harris C, Safronova A S, et al. The study of X-
ray M-shell spectra of W ions from the Lawrence Liver-
more National Laboratory Electron Beam Ion Trap[J].
Canadian Journal of Physics, 2004, 82(11): 1503—1515
Li W X, Shi Z, Yang Y, et al. Tungsten spectroscopy in
the EUV range observed at a high-temperature supercon-
ducting electron-beam ion trap[J]. Physical Review A,
2015,91(6): 62501
Lu D. Optimization and renovation of Shanghai EBIT[D].
Shanghai: Fudan University, 2013 (. [~ EBIT 2%
BfkE [D]. i 82 HoK2%, 2013(in chinese) )
Frederick J C, Junji A, Koichi I, et al. A new versatile
electron-beam ion trap[J]. Journal of the Physical Society
of Japan, 1996, 65(10): 3186-3192
Congretel G, Rouviére N, Visentin B. Ultra high vacuum

technology applied for the design of warm EBIS or EBIT

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

ion sources[J]. Vacuum, 1995, 46(8): 777-780

Li X P, Peng X H, Zhang T, et al. Lab-Built reactor for
fabrication of 500 kV Ga As photocathode used in DC
electron gun of energy recovery linac[J]. Chinese Journal
of Vacuum Science and Technology, 2014, 34(11):
11551159 (Z/INF-, 2 IGE4E, KA, 55, GaAs YEBIH
B2 L B R LS RGBT 7], LSRR SRR,
2014, 34(11): 1155-1159(in chinese) )

Xiao J. Construction of research methods based on EBIT
spectroscopy and development of ultra-low energy
EBIT[D]. Shanghai: Fudan University, 2011 (¥ . 3£+
EBIT St~ 058 T Bt B LB R RE EBIT B9 [D).
g R ERAE, 2011)

Bin B. Development of a platform forthe study of impuri-
ty spectrum based on medium energyelectron beam ion
trap[D]. Hifei: University of Science and Technology of
China, 2022 (K. *HAEBHL T B 7B BOLRE DT
AR [D]. AL h ERRAROR R, 2022)

An S L, Jiang D K, Guo P L. Vacuum control system for
the Shanghai Electron Beam lon Trap Facility[J]. Nuclear
Techniques, 2007, 30(2): 109-113 (% XUH], Fh 25, 98
SR, IR TR B B S R R AL (7], AR,
2007, 30(2): 109-113(in chinese) )

Wang F D, Wang Z F, Chang K, et al. New Multifunc-
tional Industrial Wireless Network Adapter[J]. Energy
Procedia, 2017, 118: 95-103

Chen H, Yan S, Liu S, et al. Distributed high-precision
data acquisition system based on RS485 bus[J]. Instru-
ment Technique and Sensor, 2021(2): 71-74,79 (B Hi,
P, XU, 45, 5T RS485 A2k 404 2 K RE s
KRG (1] AERBAR 5L, 2021(2): 71-74,79(in
chinese) )

Wu C B, Chen W, Zhao Z H, et al. Development of SH-
PB experimental data processing program based on
PyQt[J]. Computer Applications and Software, 2021,
38(12): 11-13,80 (R EF UL, BRfl, BIk1E, %5 T
PyQt 1Y SHPB I By At BEALFEIT & [J]. HHEAHL
54k, 2021, 38(12): 11-13,80(in chinese) )

Jin F, Cui P L. Study on the signal and slot mechanism in
embedded Qt[J]. Electronic Design Engineering, 2014,
22(24): 168170 (&%, I AKX Qt {5 551l
HLEIRIWFSE (7). fF30 T T RE, 2014, 22(24): 168-170

(in chinese) )


https://doi.org/10.1088/0031-8949/1988/T22/024
https://doi.org/10.1139/p02-132
https://doi.org/10.1139/p02-132
https://doi.org/10.1103/PhysRevLett.74.54
https://doi.org/10.1103/PhysRevLett.74.54
https://doi.org/10.1103/PhysRevA.91.062501
https://doi.org/10.1143/JPSJ.65.3186
https://doi.org/10.1143/JPSJ.65.3186
https://doi.org/10.1016/j.egypro.2017.07.019
https://doi.org/10.1016/j.egypro.2017.07.019

	1 中能段EBIT装置真空系统总体布局
	2 系统结构设计
	3 系统软件设计
	4 真空控制系统测试
	5 结论
	参考文献

