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Fig. 1. Diagnostic method diagram. 1- High voltage input;
2-anode; 3- anode tray; 4-cathode; 5-cathode support plate;
6- electron; 7-ion beam; 8-insulated magnetic field coils; 9-
magnetic field coils fixer; 10- organic glass observation win-
dow; 11-CaF, window; 12-EJ-200 plastic scintillator; 13-
9266 FLB photomultiplier tube.
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Fig. 2. Time response test of the diagnostic system.
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Fig. 3. The infrared image captured by the infrared camera
from the backside of the heat sink target before (a) IPIB ir-
radiation, (b) after IPIB irradiation, and (c) the pulse X-

ray signal waveform captured by the diagnostic system.
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Fig. 4. Relationship between the amplitude of pulse X-ray

I Z A

signal and the energy density of IPIB.
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Fig. 5. (a) Schematic diagram of bremsstrahlung generation; (b) picture of anode structure.

175205-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 17 (2023)

175205

FHAR H 1 15 cm Ab A SR BEAE 5507, Q& 6 T 7.
[) B ) FH 12 Wi 28 8 003 TR 3 T 4 43 53] 0 4 Jok v
X WEAF 5 M _REREFS, I 3 M55
A Tektronic TDS 2024 DU i 7R i #5211 E R
4. SCI AR B B I E 7 R, B R
WA 53 SR BE 258 1 m, X2 TR B
R B8 B 75 B B [A] 24 3 ns. 9266FLB S HL 3%
HAE B U RS TE] Ry 40 ms. kb XSRS S TE B
(i)l Fl 4 B E Al B 1 2.5 m, fF SRl
25 rp AL H I R 2 R G 1Y 80%, PRI bk i X
L fr 5 i F HALEIE(E 52 10 ns HEATRPER. £
HNR ARS8k X S5 S T e
RS54 55 ns. MO, BT X STZA7E %S L i
R AETE RS, BURDET R E AR i RTE
SIS AARX T HADETFER, BT X HLES
(I HH I R R 42

i
| / Faraday cup

o —— 11
\l” To

17 oscilloscope
| H
| | Ir
7 | I

Bl 6 Semm e d/n B 10 dnAt; 2- B A% ; 3-FHARFE 4
A-BIH%; 5-BIRR SCHE R 6-H T 7-B5 TR 8-k kA 4k el
9-T% Y 2% P T 5 2% 5 106 DL L2 15 11-/7 SR SR A
12-EJ-200 #8HAHRK; 13-9266 FLB G HL 43 e 4%

Fig. 6. Schematic diagram of experimental equipment. 1-
High voltage input; 2-anode; 3- anode tray; 4-cathode; 5-
cathode support plate; 6- electron; 7-ion beam; 8- insulated
magnetic field coils; 9- magnetic field coils fixer; 10-organic
glass observation window; 11-graphite collector; 12-EJ-200
plastic scintillator; 13-9266 FLB photomultiplier tube.
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Fig. 7. Diode voltage, ion current density, and X-ray signal

waveform.
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Abstract

Intense pulsed ion beam (IPIB) technology has made remarkable progress in surface modification, mixing,
polishing, film deposition, and nano powder synthesis in recent years. However, the surface properties of
materials under IPIB irradiation are highly sensitive to beam intensity variations. Deviations from acceptable
parameter range can change the surface characteristics and increase prevalence of defects. Consequently, the
real-time online monitoring of beam stability during irradiation experiments and promptly identifying of pulses
exhibiting significant parameter jitter are of significance in accurately analyzing results and optimizing surface
modification. This study presents a fast-response pulse X-ray diagnostic system by employing EJ-200 plastic
scintillator, 9266FLB photomultiplier tube, and Tektronic TDS 2024 four-channel oscilloscope. Single particle
test demonstrates that the system achieves a time resolution of 6 ns, meeting the requirements for temporal
response to detecting pulse X-ray signals with a half-width of ~80 ns. By adjusting the insulation magnetic field
strength of the ion diode, the IPIB output level is regulated. The diagnostic system successfully captures X-rays
emitted by the external magnetic insulated ion diode operating at different output levels. Simultaneously, the
ion beam energy density is measured by using an infrared camera. To mitigate diagnostic errors stemming from
target ablation, the maximum energy density is controlled to be below 1.32 J/cm?. Analysis results establish a
positive correlation between X-ray intensity and ion beam energy density. This relationship arises from the
influence of the insulating magnetic field adjustment on the diode's operating voltage, which subsequently
affects the bremsstrahlung radiant intensity and ion beam emission intensity. This correlation offers the
potential for the real-time monitoring of IPIB beam output stability by utilizing X-ray signals. To further
corroborate the synchronized changes in pulse X-ray intensity and ion beam intensity, Faraday cup is employed
as an alternative to infrared imaging method for measuring ion current density. Results demonstrate that the
amplitude of the X-ray signal changes synchronously with fluctuations of ion current density. It is worth noting
that when the output intensity of ion beam deviates significantly (more than 10% of the preset value), the
diagnostic system will respond quickly. These findings validate the efficacy of the proposed non-interceptive

diagnostic method of real-time monitoring the intense pulsed ion beam output stability.

Keywords: intense pulsed ion beam, beam output stability, real-time monitoring, pulsed X-ray diagnostic

System
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