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Fig. 1. Resonance ionization time-of-flight mass spectroscopy system. PC is computer, DG is delay generator, Nd:YAG is Nd:YAG

laser, Dye is dye laser, WM is wavelength meter, BS is beam synthesis, Lens is lens, ECB is electronic control box, TOF is time of

flight mass spectrometry, BCA is box car averager.
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Fig. 2. Schematic representation of the multi-step multi-

color photoionization path.
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Fig. 3. Curve of lifetime of 35274.5 cm~! excited state.
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Fig. 4. Typical spectrum of the scanning of autoionization

levels.
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F1 A 35274.5 cm—! BT BT AR H BB S RES

Table 1.  Odd parity autoionization levels connecting from the excited level 35274.5 cm~L.

E/cm™! Width Strength Ref.[18] E/cm! Width Strength Ref.[18]
53408.90 N S New 51873.82 B I New
53353.74" B S New 51724.60" M S New
53330.68 M I New 51642.24 N S 51642.2
53321.80 N I New 51628.73 N I 51628.9
53310.02 M S New 51509.40 M S 51509.4
53298.32 N I New 51494.64 B S New
53267.79 M S New 51368.06 M S 51386.0
53259.85 N W New 51295.65 " B W 51294.1
53251.30 N I New 51150.11°" B W 51151.5
53219.59 " M S New 51125.54 B I New
53194.18" B I New 51014.87 M W New
53147.77 M W New 50986.87 N W 50987.0
53138.94" M I New 50974.56 N W 50974.7
53046.75 " B I New 50950.65 M I 50950.7
53033.60 " M I New 50908.68 * B I New
52981.68 " B I New 50875.33 M W 50875.1
52806.85 M I New 50872.30 M I 50872.3
52678.69 ™ B S New 50834.41" B I 50833.3
52490.86 " B W New 50804.68 W New
52420.31 W New 50774.92" M I 50774.3
52415.04 N W New 50726.72" M S New
52377.33" M I New 50700.60 M S 50700.7
52280.25 N I New 50657.49 M S 50657.6
52508.75 B W New — — — —
ik R B Fanoldl; T 4 SE0d, 625 98 > 100 cm~ 1.
FR I e B8 TR 22 S, TR RE R A R R A R A H LA

4 B (borad, I' >10 cm™!). M (medium, I'=1—
10 cm™) #1 N (narrow, I' < 1 cm™') = #4. #iL7l
4 LB A BN E FE R 0.5 e~ !, X i
# B, N il oriée, AERE Ak 1, 0.1 cm™,
WA B8 1 i 22 P RE 2 G Hi 8 DX 00 Y 22
S WOCHK IR B sh A S B8, FIER AR E
AW T i T R T AN, REEARIAERA HY H

4 2 ET

AREU [ B2, BT S B R A e g
i EA 1—10 em—! BT, BRIT IS FEAE 550—
560 nm, 605—620 nm 1 645—650 nm =4~ [l
I N TR N S 11 o = s 7 e o B = ¥ ]
10 em~! DA ERYIETE, A AT RE N NST)E IR E

PR 35274.5 cm~! I HLTALAS N 656p2, H
HL AR BRI R R BIA Y [ AL B AN RE S, Hn RERY
FHEALFE 6s6pns, 6s6pnd Fl 6p2np, BN A HE A X
N Lut 6s6p % ML TS BAEAZSF S, SO0
HLFBRIT R FIE LAY A A, k2P il ik
REG L T2, T 2B M Bh i Anil, DLSC i hg
Gor2s. TRlAE, H T EE IR 2 00 RS A0 25 40 RO AT
ik 10 GHz, &7 4 0 HOGS2 BLE #EME 6l B 1Y
b, HEEEE Dy F—F, @R ARIE, HILE
BRI E H A S, DAIE T REAEAE A 2
BRI AR, [ s ta Ay HAh s A A i AR e e F A
SR, 3R 1R AT S A B SR, M
S figN 1/2, 3/2 8 5/2, — s AR J AR
RASREYON R —REIX HEA 744, slGl i I dRoiE 7y
AR AME—ff gl .
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2 AT A AR S

Table 2. J-values of odd parity autoionization levels.
From 35274.5 cm~! From 33831.5 cm~1 [1¢] From 34610.5 cm~!

E/cm™! Width E/cm™! Width E/cm! Width /
51642.21 N 51642.2 N 51642.06 N 3/2
51628.71 N 51628.9 N 51629.03 N 3/2
51509.42 M 51509.4 N — — 5/2
51494.66 B — — — — 7/2
51368.06 M 51368.0 N 51368.12 M 3/2
51295.65 B 51294.1 B — — 5/2
51014.87 B — — — — 7/2
50986.87 50987.0 N — — 5/2
50974.56 N 50974.7 N 50974.47 M 3/2
50950.65 M 50950.7 N — — 5/2

— — 50913.3 N 50913.18 N 1/2
50908.68 B — — — — 7/2

— — 50887.8 N 50887.65 N 1/2
50875.33 M 50875.1 B 50875.32 M 3/2
50872.30 M 50872.3 N — — 5/2
50834.41 B 50833.3 B 50832.77 B 3/2
50804.68 N — — — — 7/2
50774.92 M 50774.3 M 50773.31 M 3/2
50726.72 M — — — — 7/2
50700.60 M 50700.7 N — — 5/2
50657.49 M 50657.6 N — — 5/2

TEHE TR 352745 e ) A LB S H
R, RET 3 4556 2 P EE T, LUK 4
F O R, IR T T = 1/2 Mk S RER
32986.62 cm~ (A = 642.70 nm), 34610.52 cm~!
(A = 581.95 nm) fl J = 3/2 % 33831.46 cm—!
(A = 609.60 nm). Hi FR BB [A]— RE DX Y
PG, R A RBRGEE N AJ = 0, +£1, ATLL
PRI H A RO S G RE X B [ ) H LS
S0 EBE. hT Rath & 8 H# T A
2 33831.5 cm~! 7£ 50650—51650 cm—! P HY [ H
B TELR, B R —BE X AT T T A S
34610.52 cm~! BRAEAY A BB SR SC R, 45 RTE
F2FH, BN T 21 2k A BB AREHR N JH, &
WS T AT TR R A BB A Bl R R
FriR. Hodr, AV AR 35274.5 cm~! FAE AR B
F B EIRRN J = 7/2, I LR g R i)
8, AR T 38 L HADE R S RE A [ — R X ok
k.

I sh RS Ay 2R, S5 A e SRR, TTR

FHEWTHEGUE AR T A f s BARASF), filhn J =
3/2 1) H LB A 51368.06 cm—! Al 50774.92 cm—!
R eI T A — AR AT, MR J = 5/2
() H A 51509.42 cm~! F1 50700.60 cm~!. A5,
Xt BLAEAR P AR UG, T Lut 6s6p LT 413
FERLE ] I 30000 e~ 24y, AR B
DREH AT, P Uk B A 75 ik — 2040
AR Z (1) [ F B A ARG, M BB L 2 2R
REMRST.

T LA E AR S A, AT A AR A
R H B SGE A RS AS G, I T 2
PR RO R B AR, WO IR 1 A B SR T
FRHE T S HE.

5 4 %

FARBOM 7S 35274.5 cm—! 1Y [ LB BRAT i
2, M AU 20 Rt i B AR, ISR =
FE A RO IR B RATRS IR S R 50, RGN
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Resonance ionization spectrum of autoionization
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Abstract

"Lu is an important medical isotope used in imaging-guided radiotherapy, and it can be produced by
irradiating Lu or '"Yb with high abundance. With an increasing demand for medical isotopes, it is very
essential to improve the supply capacity for ""Lu. The multi-step multi-color photoionization method is an
effective method to obtain isotopes, and the information of odd-parity autoionization levels is essential. Laser
resonance ionization spectroscopy is one of a few spectroscopic experimental methods that can study
autoionization levels. An experimental system is developed for the frontier spectroscopic research, and it
consists of custom-made tunable lasers and a high-resolution time of flight mass spectrometer. The lifetime of
the excited state 35274.5 cm~! is measured to be (31.6 4+ 1.7) ns by the delayed photoionization method for the
first time. A three-step three-color photoionization process is used to detect the autoionization levels, with a
delay of 30 ns between \y — A; and A3 — Ay respectively, in order to avoid any unexpected transitions. Forty-seven
odd-parity autoionization levels are obtained, of which 33 levels are discovered for the first time, and the A\, and
A, are blocked to exclude possible interference peaks, such as the A\+A3+ A3 transition. Several autoionization
levels show asymmetrical peak shapes, and the Fano fitting is carried out for all the levels to determine the
widths and relative transition strengths of the autoionizing transitions. This study provides critical data for the
high-efficient photoionization of lutetium atoms in the visible range. The angular momenta of 21 odd-parity

1

autoionization levels in an energy range of 50650—51650 cm™! are identified for the first time, which provides a

reference for determining the forbidden state of electric dipole transitions from other excited states and

ascertaining the electronic configuration.
Keywords: autoionization levels, resonance ionization, lutetium atom

PACS: 32.80.Zb, 32.70.Jz, 42.55.Mv DOI: 10.7498 /aps.72.20230978
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