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Fig. 1 Schematic diagram of the LRIS set-up
1: Nd : YAG laser; 2: Dye laser; 3: BBO crystal; 4. Coupling lens;

5: Fiber combiner; 6: Focusing lens; 7: Atomizer; 8: Thermion
shield electrode; 9: Ion lens; 10: Time of flight mass analyzer;
11: Micro channel plate; 12: Monitoring and controlling system of

lasers; 13; Power supply and vacuum; 14: Data dealing system
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Fig. 2 Schematic diagram of the multimode dye laser
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Fig. 3 Three-color-three-photon resonant

ionization scheme of uranium atom
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Fig. 4 The three-photon resonant ionization spectra of uranium
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A Laser Resonance Ionization Spectroscopy Apparatus for Study on
Atomic Energy Level

WANG Wen-liang, LI Zhi-ming, SHEN Xiao-pan, XU Jiang, ZHAI Li-hua, DENG Hu, WEI Guan-yi
Northwest Institute of Nuclear Technology, Xi’an 710024, China

Abstract Laser resonance ionization spectroscopy (LRIS) is one of the element-selective spectroscopy methods, which aims to
study the energy level parameters of the atom by measuring the ion signal. The atom is selectively excited and ionized by one or
more lasers in LRIS. A set of totally domestic LRIS apparatus was built, which was used for measuring the parameters of the a-
tomic high lying states. The overall structure, main technique and application of the LRIS apparatus were described in detail.
The LRIS system was consisted of high precision tunable dye lasers, high efficiency laser ionization system and high resolution
time of flight mass analyzer (ToF-MA). There were three sets of multimode dye laser and one set of single longitudinal mode
dye laser. which were pumped by 532 nm Nd : YAG laser. The repetition frequency of the dye laser was 10 kHz. The laser ioni-
zation system contained atomization source, atom and laser interreaction region and ion lens. The atom sprayed from the atomic
source was selectively excited and ionized by lasers, and then was reshaped as ion beam with small divergence angle and narrow
beam width by ion lens. The reflecting structural design, pulsing vertical repulsion technique and deflecting plate adjusting meth-
od were adopted in the ToF-MA. Based on the laser resonance ionization spectroscopy technique, the auto-ionization spectrum of
uranium atom was measured with the aid of this apparatus. An efficient three-color-three-photon resonance ionization scheme of
uranium atom was obtained. The center wavelengths of the lasers were 591. 7, 565. 0 and 632. 4 nm, respectively. The isotopic
shift and the hyperfine structure also can be analyzed by this apparatus. In addition, as result of the mass analyzer employment,

the proposed apparatus can be used to analyze the sample component, trace element concentration, and isotopic abundance.
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