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Cable Coupling Effect of Compound Chamber Environment in Laser
Inertial Confinement Fusion Driver
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Abstract The chamber environment of a laser inertial confinement fusion (ICF) driver is usually complex. Specifically,
signals will be affected by the coupling currents induced by ionizing radiation and electromagnetic radiation during the laser
shots. In this paper, radiation responses of two kinds of shielded cables are calculated by using the self-written code and
CST software, respectively, and the irradiation experiment is carried out based on SG- [l laser driver, with the results
compared and analyzed. It is found that the electromagnetic radiation response of the RG142 cable is slight, but its ionizing
radiation is strong, which is the opposite of the CERN SPAG6 cable. Finally, according to the coupling law, a composite
shielding structure of cable is proposed.
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Fig. 3 Model of cable exposed to electromagnetic pulse in CST
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Table 1 Photoelectric yield under different outer radii of shielding layer

Photoelectric yield 1.7 mm 1.8 mm 1.9 mm 2.0 mm 2.1 mm
Core wire emission /107" 6.33 4.86 3.76 2.80 2.10
Dielectric layer deposition /10 * —3.34 —2.42 —1.79 —1.35 —0.978
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Table 2 Photoelectric yield under different X-ray energies

Photoelectric yield 30 keV 35 keV 40 keV 45 keV 50 keV
Core wire emission 1.0X107° 5.18X107° 1.33x107* 2.34X107" 2.80x107*
Dielectric layer deposition —3.0x10°° —1.94x10"" —5.16X10"" —9.48X10°* —1.35X10°°
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Table 3 Structural parameters of different cables

Parameter CERN SPA6 RG142
Core wire radius /mm 0.25 0.47
Core wire material Copper Silver plated copper clad steel
Dielectric layer radius /mm 0.850 1.475
Dielectric layer material XPE PTFE
Shielding layer radius /mm 1.10 1.98
Shielding layer material Copper Double layer silver plated copper braid
Sheath radius /mm 1. 600 2.475
Sheath material FRNC FEP
Inner diameter of outer shielding layer /mm 3.2
Outer diameter of outer shielding layer /mm 3.9
Outer shielding layer material Copper
Outer sheath radius /mm 5.5
Outer sheath material FRNC
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Fig. 16

Internal schematic diagram and cross-sectional micrograph of cable™. (a) Schematic diagram of existence of gap inside cable;

(b) micrograph of cable cross-section
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Fig. 17 Normalized X-ray response with air gap in cable
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