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Abstract
excitation and electric field ionization (EFI) method. Among the 89 states detected, the information about level

The even-parity highly excited states of europium (Eu) atom have been investigated with resonant

energy and spectral assignment of 56 states have not been reported previously. A combination of analysis of their
effective principal quantum numbers, quantum defects, and the comparison with literature, enable us to classify them
as the 4f76s (°S) np (*P; or ""P;) Rydberg series, which fills the gap in previous literature for the n =19~ 39

)

states of the series. Besides. the ionization limit of Eu atom is suggested to be at 45734.2 cm

existence of a broad pedestal is also explained.
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Fig. 1 Schematic diagram of the excitation path and EFI schemes of Eu atoms
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Fig. 2 Schematic diagram of the experimental setup

BWOL R G35 — & Quanta System 23 A A4 7 1
Nd: YAG [# R O6 2% F1 = & P K 0] 7838 10 42 R
JEAF (PDL1~3) . % B R WO 2% 19 O bk o 98 B2 A
6~8 ns, FESNZHy 20 Hz, H5 LI 645 55 F 45
J& A AR WA A 532 nm A1 355 nm 1Y ¥OE . H
Tz =& PR oL, KL T4 R 0.13 em ',
R TR =B R B R e R Y BRAE I HEAT 3
o T A1 A B 2o A L R 408 AN O Ik i 2 1] 5
T 8~10 ns Ay} [E] ZEIR |

DT SR A5 R G0 AL 4G A I LR RN R A
e, FEEASELN 10" Pa B EREE R O IR
I A T2 B0 99. 99 % i Eu 43 & (19 IR T4
FEFIFH 11— A 8 500 s A R A iR, AR
750 KL T 5 A= 45 e 0% B 1 R - 78R &
TS A Eu JE o S SO A 1) 5 L 1)
TE 38 s DT I /D 335 £ 1) 2238 ) JE 35

Y ORE S RS B AR fE I AR
(MCP) %i #0045 . Boxcar [JF %5 . bk v 2E 3R %5
ANEE 1N R = I D25 QUIB IS A3 o F i N R
ik i L SO KM RE IS 24 0.5 sy LLBE SR TE O 5 BT
VEFHE By T 37 0 A7 A8 1 7™ A8 09 30r 38 va sy .
W e TR A A R X1 R A AR 8D it fin e 2 ] 3k

2000 V/em [k b 3. AU A T 5 Ok &
1) Eu J5i 1B, 1 H R AT HE Sk 28 Eu 2 F 35
Ha g5 (Al R 10%) JPema v ) MCP 80 % . % e » Bk
e 7155 4 MCP UK 5 36 AR i #4% 17 A 20 1
W -4 A B Boxcar [] 41 # #F 17 BORE 7 337 F0 F1
gv. P i 0 B AE 5 A B A )5 . B Acquire
s R AR AT NLHEAT SR A DLE S
S o3 A Ab 3L

T3 Ah A SIS Ay 0 R 0 2k 1Y 7S o0 BIARCLT
(HCLYFIE &0 A 1 6 1% i B (FSR) Y F-P AR ifE B
A3 2K FH G LR G i COPG) Fl T 35 % i X 4 Bl 3
s 1Y 25 A 4 4l B B AT 1A X A4 X Y K e
B, DIHBR I (REED B9 RGE R 22 . [ I) L 5255t %)
[ — 615 AT T 22 U o 5 DA 410 35 < 9 Bl AL 3R 25
| e N2 S U sb Y (UK - AR BRI o g 4 &/ NP
2550 BT RIS B A5 M A S0 Y BE B S B E AL T
+0.13 em ™',

3 AR GHE

XGRS TR Y B R AT e . B 3 4
TSRO AR T T AR Eu J51 18 0K Ok
A, HPE 3@ ERTHEMEREN 2 kV/em

0230001-3



L
&

it

»g,
7

i

F1 Jk e e 7 P 4% 210 1) PR 37 WL OB T I 3 (b U 2
JHSEBEAL R 50 V/em 1) Jik il it 53 75 D e 56 v 3 B

Lo} @
08|

0.6

T

0.4
0.2

Intensity (a.u.)

T

0

HEOER B, B 3 PR RRE B

Af76s °S, HILLE .

1P

L l 1
45500 45550 45600

|
45650

|
45700 45750 45800

Energy /cm™!

10
0.8 L
0.6 L
0.4 L
0.2 L

Intensity (a.u.)

0
1 1

1

P

|
|
|
|

1 I |
|

45500 45550 45600

45650

45700 ' 45750 45800

Energy /cm™!

B3 AR T S ok B AR TR Eu BT m i 2 B B0eig. G did i s 5080 )5 50 (b e & Ham) Jr 5C

Fig. 3 Spectra of highly exited states of Eu atom obtained from scheme I using two different detection methods. (a) EFI

detection method; (b) photoionization detection
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Table 1 Hghly excited states of Eu atom obtained
from Scheme I (J=5/2, 7/2, 9/2)

n E/em™' o N E/em ' n B
19 45236.46 14.84 4.16 || 28 45549.23 24.31 3.69
19 45251.36 15.06 3.94 || 29 45559.18 24.99 4.01
19 45255.72 15.13 3.87 (29" 45561.35 25.15 3.85
19® 45258.29 15.17 3.83 | 29 45562.92 25.26 3.74
19* 45262.16 15.24 3.76 || 30 45570.85 25.86 4. 14
20" 45314.40 16.15 3.85 ||30> 45574.18 26.13 3.87
20" 45321.17 16.29 3.71 | 30 45575.57 26.24 3.76
21  45350.35 16.89 4.11 | 31 45582.36 26.82 4.18
21 45355.37 17.00 4.00 [|31> 45585.69 27.12 3.88
21" 45364.03 17.20 3.80 31 45586.82 27.22 3.78
22 45400.36 18.11 3.89 | 32 45592.61 27.77 4.23
22% "% 45403.06 18.18 3.82 |[32> 45595.92 28.10 3.90
23 45434.65 19.12 3.88 | 32 45596.75 28.18 3.82
23> 45436.22 19.17 3.83||33" 45601.82 28.72 4.28
24 45458.46 19.92 4.08 33" 45605.05 29.07 3.93
24 45464.10 20.13 3.87 | 33 45606.40 29.22 3.78
24" 45465.78 20.19 3.81 |34" 45613.47 30.06 3.94
24" 45469.57 20.34 3.66 || 34 45614.72 30.22 3.78
25 45483.86 20.91 4.09 |35 45621.30 31.08 3.92
25" 45489.70 21.16 3.84 | 35 45622.91 31.30 3.70
26 45506.15 21.90 4.10 | 36 45629.19 32.22 3.78
26 45506.67 21.93 4.07 | 3 45632.85 32.79 4.21
26 45509.48 22.06 3.94 |37 45634.59 33.08 3.92
26" 45511.09 22.14 3.86 || 37 45635.17 33.17 3.83
27 45525.87 22.91 4.09 | 38 45638.39 33.72 4.28
27" 45529.97 23.14 3.86 || 38 45639.53 33.92 4.08
27 45534.05 23.37 3.63 (38" 45640.13 34.03 3.97
27 45535.20 23.44 3.56 | 39 45644.01 34.75 4.25
28 45541.83 23.84 4.16 ||39" 45645.44 35.02 3.98
28 45546.17 24.11 3.89 | 39 45645.90 35.12 3.88
28" 45547.22 24.18 3.82

a 5Hk[30]—sms
b EFTWMAN 3.9 BIE
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Table 2 Highly excited states of Eu atom obtained
from scheme II (J=7/2, 9/2, 11/2)

n E/cm ' n’ S n E/em™' n” )

40 45649.73 35.90 4.10 || 54 45690.33 49.62 4.38
41 45654.30 36.90 4.10 || 55 45691.97 50.56 4.44
42 45658.47 37.89 4.11 || 56 45693.69 51.60 4.40
43 45662.18 38.85 4.15 | 57 45695.18 52.56 4.44
44 45665.69 39.82 4.18 | 58 45696.75 53.64 4.36
45 45668.98 40.80 4.20 || 59 45697.93 54.48 4.52
46 45672.10 41.80 4.20 || 60 45699.34 55.55 4.45
47 45674.90 42.77 4.23 || 61 45700.25 56.28 4.72
48 45677.47 43.71 4.29 || 62 45701.49 57.31 4.69
49 45680.08 44.74 4.26 || 63 45702.62 58.31 4.69
50 45682.22 45.64 4.36 | 64 45703.70 59.30 4.70
51 45684.57 46.70 4.30| 65 45704.70 60.28 4.72
52 45686.61 47.67 4.33 || 66 45705.74 61.34 4.66
53 45688.53 48.65 4.35 || 67 45706.71 62.39 4.61
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