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Fig. 1. Diagrams of the excitation schemes: (a) Two-

color photoionization; (b) three-color ICE.
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Fig. 2. Schematic diagram of the experimental setup. P is a linear polarizer.
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Fig. 3. The three-step two-color resonant ionization

spectrum of Eu atom.
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Table 1. Level energy and relative intensity of the highly excited states.

F5 BEE E/em™!  HXEREE T 5 Re®m E/cm~!  AHXISREE T 5 Re®m E/cm~1  AHXISREE T
1* 42328.4 w 20%* 43100.8 A% 39* 44018.6 w
2% 42373.0 w 21 43183.3 w 40 44046.4 w
3 42429.2 M 22 43233.4 M 41* 44058.1 w
4 42478.8 w 23 43238.4 S 42 44065.4 w
5% 42547.8 w 24%* 43270.1 w 43 44092.8 w
6* 42574.4 W 25 43281.1 W 44%* 44115.3 W
* 42657.4 W 26* 43294.9 W 45 44282.2 W

8 42682.3 W 27 43333.5 W 46* 44286.8 W

9 42721.4 S 28 43570.8 M 47* 44381.0 W
10 42743.2 W 29 43377.9 M 48%* 44385.6 M
11%* 42793.6 M 30 43409.8 W 49 44416.7 S
12* 42796.0 W 31 43423.5 %% 50 44425.6 W
13* 42799.5 w 32 43660.2 A% 51 444425 w
14%* 42849.7 M 33 43670.6 A% 52 44471.5 W
15 42860.1 M 34 43751.3 S 53 44489.8 w
16* 42881.3 M 35* 43861.9 w 54 44494.1 w
17* 42883.3 w 36 43868.5 M 55 44500.2 w
18 43029.7 M 37 43900.7 M 56* 44509.6 w
19 43067.1 M 38 43983.6 M

* B AR E BT

T X FIR 56 A mUR A REAT 2K, Ak
50 AT T IR R, WETETR, AR5
— AN H BRI AT ER I B S R S 2 B N Ry-
dberg 45, F K ICEH ARZEATIX — AW, #BEMN
LA ) IR iR T B R ORI 4F76snl Ryd-
berg 45, W AT A F 4% 1R 25 #5 h XUH F J0R A
A, WAf5dnl A&, ik, FRAT 0K AP 5 b 1K
K [l 5 13X 56 S mis R A b, [ A =00 4 Bk
ot — k. A EHE = RO K A
Af76s(7S3) — 4f76p), (J = 3, 4) FIRBRIT I
I, SR 7543 B0 R E B g, i
LR, AR TAEAER 1R IR T 341 LAk
—HWORBIBBBEENESBRE, eia b T
44058.1, 44442.5 F144509.6 cm ™.

HRAE B FH () TOE B S B 8 mT o A1)
J& T 4f6snl W 25 Rydberg &5, M H R MEHE T
WU FOR 0 4f75dnl 25, B B3R =4 Rydberg
B aRAS I B H B G i R’ A2 A )5 s I 7 LA e Al
IrHT.

N1 PR X S A O A AT e IR

g, BIVEAGE Fon A0 AR, BATAIA (1) A (2) 3RAT
TEATA S E T e ME T, Ha R
xK2pH.
F2  AFTHIER Eu i T 4f76snl Rydberg 25 1161
SRR R

Table 2. Spectroscopic parameters and designation of
Eu 4f76snl Rydberg states from this work.

e fit® /cm ™! n* n 5 4f76snl
1 44058.1 5.72 10 4.28 4f76s10s
2 44442.5 6.08 9 2.92 4f76s9d
3 44509.6 6.14 9 2.85 4f76s9d

R 20, X =R Rydberg S E T 7
5N 4.28, 2.92 F12.85. Hh Fhik)E 41
BT RO 0 BRI X = AESNE T THE
% 3T R 7R I 4f76snl Rydberg £ 41 ) SCHRAE 32E AT
X EE A A T AT 45 ). 2 F 3 AN S BAREH
FE AR, EH2 MR FARNERFIRE.
3R T KT Af76snl R 5| 1) 615 S E0F 61 bR

R0,
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#3 XT EuliT 4f76snl Rydberg & 1161 S 53¢
HRE
Table 3. Spectroscopic parameters of Eu 4f76snl Ry-

dberg states from the literature.

4f76snl  JRTE Jo

4f76sTs 630 5/2
4f76sTs 830 7/2
4f76s8s 630 5/2
4f76s8s 830 7/2
4f76s6d  8D° 3/2
4f76s6d  8D° 5/2
4f76s6d  8D° 7/2
4f76s6d  8D° 9/2
4f76s6d  8D° 11/2
4f76s6d  SD° 9/2
4f76s6d  SD° 7/2
4f76s6d  SD° 5/2
4f76s6d  SD° 3/2
4f76s6d  SD° 1/2
4f76s7d  SD° 9/2
4f76s7d  SD° 7/2
4f76s7d  SD° 5/2
4f76s7d  SD° 3/2

HH 3R 3 A %0, 4f76sns R 51 I & T 5 P 7 4.40
Al 4.44 2 8], T 4f76snd R 5 & T 5 1 7E 2.70 Al
2.90 2 [a]. A LA, M4 7] — Rydberg & 71 1 &% 2
BT 7 KB E B E LG, FATT ] LA
Wr: 4bT 44058.1, 44442.5 F144509.6 e~ i =4
WG N 1% 53 )N 4f76510s(3S°), 4£7659d(5D°) Al
4f7659d(°D°) Rydberg Z5.

F— 5, ARSCHH B2 — 2 ReE— i 21X
MBI E. B, HOCKAH BRI KK
AR, MR BesniE Tl Re S fasJ = 7/2,
9/28511/2. fHZ, &K T H7 & 1 =F0 A [F
REEAE, T AT AR A B R IE % R X B
W= HEAT B A HL AR, & TE N B
M= a] e e — e e ok, flin: T
43983.6 e~ {IfiE R, HJ = 5/287/21) W%
ARG Wt — %% ), T HE— e L T E, R
J=1/2.

A b T A 28 1 2 R 8 i R A T 52 56 285 SR A
e R, BLAE FATHG ST iR = A Rydberg 251
BE— B Ok 45 R AT R A . 1 e, @I X
Af76s10s(°S§ o) A ME— B RUK, R4 T Wi 4 P
AN BB AR S B0k BT
¥ 58— =B Ik 4 i [ E 7E 459.53 nm Al

feE/cm~t  n* 5
30619.5 2.56 4.44
31217.3 2.60 4.40
38933.7 3.60 4.40
39242.6 3.67 4.33
36045.4 3.10  2.90
36072.6 3.11  2.89
36097.6 3.12 2.88
36219.0 3.13  2.87
36242.3 3.14 2.86
36566.6 3.18 2.82
36589.3 3.19 2.81
36608.4 3.19 2.81
36622.0 3.19 2.81
36630.5 3.19 281
41174.7 4.20 2.80
41185.4 4.20 2.80
41201.2 421  2.79
40208.6 4.21 2.79

448.49 nm, fEA]H Bu J5 7 H#UK 1 4176s10s (°S )
A&, TR 8 =20 AT 441.40—463.00 nm F I F144,
58 Af76sF (7Sg) — 4f76p ), (J = 3, 4) JLHR
BRIT.

1.0

0.8

0.6

0.4

Intensity/arb. units
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Fig. 4. The autoionization spectrum excited from the
4f76s10s (8S°) state.

PRI ICE B SR BE, FATTRT CAHEDT H 1] 4 B
J& 7R (¥ 72 Af76p1 2108 35 19 HLBSOL I, I 4L T
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Rydberg#. HE 477 W, £ H BB 61 FFLE
TR G5, X2 T 4f76p; o 10s & 5 min fH 1)
Af75dnl H BT IS, BT XEHBER
F| 2 18] (A ELAE B, A 4f75dnl B BB A SN
476py ;2 10s A1 H HLE G2 .

% A7659d(°Dg ) A AT = BRI, 3K
115 3] 7 B A U8k Lorentz 28 R [ 15 HL Bl
mEsfiR. HSHS5ER BE— 20K
43 3 [# 52 #E 459.53 nm A1440.89 nm, {§ 1] # Eu
JRT R B A17659d (5D ) A, FHKE A = 0O AE
442.50—463.00 nm [X 35k N 14, 155 I 58 iR 4765
("S3) — 4f"6py, (J = 3, 4) HAREKIT.

AR, 5T R (12 476Dy 29d A& 1 H
BG4 T 444425 cm ORI N
4f76s9d (°Dg ) R4 Rydberg 2. &5 H 61k )6
% FEAREIN TIRZ B4, BRI AAIHER
H B sk, HAE a2 BT %48 5 & n i 5dnl
A EAERRE R,

[ R He, B 467659 (°D2 ) A FRATRIEAT T
BRI, R T HX R B B EE, H
mE e~ HABSHS I TER BE— =
5643 I [ 5 78 459.53 nm F1440.59 nm, 1 Eu J&
TR 1 4176s9d (°D3 ) A, A =206 1E
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441.00—463.00 nm P 3T $73 4, 58 3L [ /19 A m
KA RS ALT6sY(TS3) — 4f76p], (J = 3, 4)
FARERIE.
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Fig. 5. The autoionization spectrum excited from the
4f7659d(3D°) state.
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Fig. 6. The autoionization spectrum excited from the
4f7659d(°D°) state.
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Abstract

The three-step two-color resonant ionization method and three-step three-color isolated-core excitation (ICE) tech-
nique are used to study the spectra of the highly excited bound states systematically, either Eu 4f”6snl Rydberg states or
other valence states converging to the higher ionization limits. Specifically, the highly excited bound states are populated
from the ground state via three different 4f”6s6p intermediate states, thereby establishing the three different excitation
schemes. The schemes are designed to allow us to assign a J-quantum number uniquely to a given highly excited state
with the selection rules of J-quantum number for each excitation scheme by comparing their corresponding photoion-
ization spectra, which are obtained with three-step two-color resonant ionization method. By tuning the wavelength of
the second laser, the 56 highly excited bound states located in the energy region between 42250 cm™' and 44510 cm ™!
are detected. To explore their spectroscopic information, more efforts have been made 1) to judge whether an excited
state is a bound Rydberg state and to observe whether it may be excited further to an autoionizing state by using the
ICE technique; 2) to deduce the principal quantum number of the given bound Rydberg states, and to observe whether
they are converged to the same ionization limit by calculating their quantum defects with respect to several ionization
limits. Based on the above manipulations, all detected highly excited bound states can be classified as the two categories:
bound Eu 4f"6snl Rydberg states and other valence states converging to the higher ionization limits, such as the Eu
4f75dnl states. Specifically, to fulfill the ICE technique, it is necessary to make a resonance transition from the 4f76snl
Rydberg states to the 4f76p1/2nl autoionizing states with the third dye laser whose wavelength is scanned around the Eu
4f765"'—4f76p;r/2 ionic line. Once the Eu 4f”6snl Rydberg states are recognized with the ICE technique, the identification
of their orbital quantum numbers is a primary task to determine their electron configurations. With all the efforts
mentioned and existing information, three Rydberg states can be assigned to the 4f76s10s(® 0/2)s 4f7659d(® o/2) and

4f76s9d (DS /2), whereas the rest can be regarded as highly excited valence states.
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