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Fig. 1. (color online) Schematic diagram of experimental setup.
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Fig. 2. Schematic diagram of two excitation paths:
(a) Scheme I; (b) scheme II.
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Fig. 3. (color online) The VMI image: (a) The
two-dimensional raw image; (b) the three-dimensional

Abel-inverted image.
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Fig. 4. (color online) The experimental spectrum of
4f76p1/27s [J =5/2,7/2, 9/2] autoionizing state, ob-

tained by scheme I.
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Fig. 5. (color online) The experimental spectrum of

4f76p1/295 [J =5/2, 7/2, 9/2] autoionizing state, ob-

tained by scheme II.
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Fig. 6. (color online) The VMI image and the ED
spectrum of the 4f76p; /o9s state: (a) The raw image;
(b) the Abel-inverted image; (c) the ED spectrum of
ejected electron.
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Fig. 7. (color online) The spectrum and autoionization BR of 4f76p1/27s [J =5/2,7/2,9/2] state: (a) Spectrum;

(b) BR1; (c) BRa.
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Fig. 8. (color online) The VMI image and the ED
spectrum of the 4{76p; /59s state: (a) The raw image;
(b) the Abel-inverted image; (c) the ED spectrum of

ejected electron.
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Fig. 9. (color online) The spectrum and autoionization BR of 4f76p1/295 [J=5/2,7/2,9/2] state: (a) Spec-
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b E I, kA B &N T AR BRAE
AFT6py ), (T = 3, 4) PR B T BRZ )4 B S g e AR
B, TR TR A, BB T, WE9 Fik
RSN, 75 H B30 1 4b, BR, AL 50618 2B
FREHFI AL, 75 H B 206 2 4, BR; (i = 2-4)
(AR A5 561 2 A S B [R] 284K, {H BRy %
KARFEAAR. & F RIS JFE RTE T B
Kb Af76p1 /29 A5 55 417 5dnl [ HL B A 2 18] IO AR B A
PSS,

I LEH Af76py jons HHELE RIIH I =7,
SAOIX =N H B AN BR, ALK AR
B EAE T AR BRAAE — & 16 A B3, HEE
KT e R M M, B Hme s E
4b, HHEEZE L BRYS B H &6 2 8%
SERIN IR R, EERMT 476y jons 15 4f75dnl
H A 2 (a5 2 A B S B, BeAh, 7
476Dy /o 7s AN H LB S AR T R A AT TR UKL T4
S, AL AE76py jons (n = 8, 9) &K H BB R

AR A TR B R

3.3 4f"6p;/ons BEEHESTE TR AD

bR, RS HT 1 AD XN T E
B I o A, B LD R (RPN B AR
AU ) W R A W S S, AR B R B AR AL
GE. T E AR TR AD 55 = ERIE R
PIASMEZSHIREEA IR, e RFRVE TR 3
S, PrOAs H AD IE AR O

I(0) =" axPy (cosb), (1)
k

H, Pr(cosO) NEMr#ibfE%, &k =0, 2,---,
MR ap MFRIEXEE T 4435 FF 95— 65 1~F
5 ASCR =B HOR BRI M.

P TR b4 e R, T DL B R A
(1) X By, (HREX TH 48 Eu -+, HAT
B b3k A R TARRGE. R, A0 R

153202-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 15 (2016) 153202

S ST R 18] S S, SN 520
SR I 2785 Bu i T 4176y jons 45 F1 1135 3L
1 AD. 790, 2 LA R R B B B L 8
% AD IS TE L R 10| (R, A S0 FUR
% 6 W B L B MO 0 7% 1 S, B (1)
K435 AD iRy

1(0)= i—i [1 + Z—EPQ (cos®) + Z—;P4 (cos )
+ %PG (cos®) }, (2)
aop

Hoh Iy = 4mao A3 7 B BB, 11 =% 10
ﬁ‘ﬁ@iﬁaz/ao, as/ao, H ag/ag B £ fig 5 ARk T
KA, AT FEIRAE 7 H S5 fL T 1 AD.
H1 (2) AT W, Eu R 4f76py jons 25 H HL B L
T AD b Mg J5 1 3pns 581 Ba Jii T 6pns 7 H H
BT AD ERRZ.

T AT G E R SR H T B AD BE RE & Y
Ak, S U AL e AR AL X % ) S 1 2 3
FIm, 2B = az/ag, ¥ = as/ag, € = ag/ap.
FI10 R0 B 1143 5 J& 7R T Af76sTs—416py /2 7s Al
476598 —4176p1 /2 9s FEIRERIT AE BEVE HE Y, SL56
MAFH) B RIS HL B, ~ F e HIARAK.

HI P& 10 FTE 11 AT, 4176pg jons (n =7, 9) &

H B SR H T AD 5 1a) e S5 8, e B
BAAEA R A sl B ) 2 1) S vE S 4
AR AR BER /N, B, B IRk E 2 e IR
A, R RAHT B9 E REOT AD BB
FRYRE e ) AN TR, T 5E v ) 2R 28000 31 b 78 O A
. IR B G R A B R T RN R 6 %
te) P S0 LA

XF EE B 10 A0 & 11 AT DA BA S R L, Bu R
M AfT6p1 /295 H LB TR S 41765 (S) B 1A%
S (1) - 1] M 2 0K A A M B2 95 A7 6py o Ts H HE
BAMNMIZ., ESEERRyNBUEEHE, £
Af76py /o 7s [ FL B A 1 (VA 42 2 Ul AR AE
4f76p1 /29s H B AP BREDBULARER by B
WUE A2 IEMH, 1X 5 1T 4f76p; /28s H HLBS A 115

i EPTIR, BT % SR B X AD B
KIFEUE T FITTRR, Rk, P Bu 55 M\ 4f76p; jons
(n = 7,9) B HE &R KA BT A% B
F S H B v, ORI T REE AR L.
B 12 JE/R T EuJf T M 4f76p, /o 7s H LS AR H
4f76sT(7S) FAf76sT (9S) B T AR LI % ) e 1 2
B HEOL T REE AR L.

1.0

0.5

0

SR /arb. units

21600 21800 22000
0.4

22200 22400 22600 22800

0.2

B

ol - -- ““.--. s .-.-..----

PN S
21600 21800 22000
0

—0.1+ e "S-t "--..,..---,

=
—0.2

_03 . ! . !
21600 21800 22000

0.1

22200 22400 22600 22800

W 0

—0.1+

D)

—0.2 i . ! . !
21600 21800 22000

22200 22400 22600 22800

P E=N -
fiEs/cm—!

Bl 10 4f76py/o7s [J =5/2, 7/2, 9/2] M H B EDEIE RIS 4f 65+ (O8) BT EMMMF R ESH  (a) A

HEDEHE; (b) 85 (¢) 75 (d) e

Fig. 10. The spectrum of 4f76p1/27s [J =5/2,7/2,9/2] state and spectra of anisotropy parameters relating
to the 4f76s1(S) ionic state: (a) Spectrum; (b) B; (c) 7; (d) e.
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Abstract

To explore the dynamic properties of Eu 4f76p, s2ns autoionization process, the autoionization branching ratios
of ions and the angular distributions of ejected electrons from the Eu 4f76p1/2ns (n = 7, 9) autoionizing states are
systematically investigated with the combination of the three-step isolated-core excitation (ICE) and the velocity-map
imaging techniques The Eu 4f"6sns Rydberg states are populated via a two-step laser excitation, from which the Eu
41" 6p, /2ns autoionizing states are excited by the wavelength of the third laser around the Eu 6s™ —>6pf'/2 ionic resonance
in order to obtain autoionization spectra and the velocity-map images of ejected electrons from the Eu 4f76p; /2ms
autoionizing states. Once the velocity-map images have been measured, both the energy distribution and angular
distribution of ejected electrons can be acquired. Moreover, the spectra of the branching ratios and the anisotropic
parameters within the autoionization resonances are also measured to observe their energy dependence and the relation
with the autoionization spectra.

Comparisons of the observed spectra of 4f76p1/2ns autoionizing states with n = 7, 8, and 9 manifest that the ICE
technique is more suitable for the higher-n members of autoionization series. It is found that the Eu atoms in the
4f°6p1 joms (n = 8, 9) autoionizing states mainly decay into 4f'5d™ (°D) ionic state, leading to the population inversion
between 4f"5d"(°D) and 4f°6s™ (7S) or 4f"6s™ (°S) ionic states, which is significant for developing the autoionization
laser.

The angular distributions of the ejected electrons from the Eu 4f76p; /2Ms autoionizing states show simple patterns
at the energy points corresponding to the peaks of autoionization spectra, and have complicated patterns in the energy
regions off the peaks of autoionization spectra, especially in the regions corresponding to the sharp increase or decrease
in the autoionization spectra. The above phenomena can be explained with the strength of configuration interaction
among different autoionization series converging to different ionic states, which is fluctuated within the energy region
of autoionization spectra. In addition, within the autoionization resonance both the spectra of branching ratios and
anisotropic parameters vary irregularly, and no obvious correlation with the spectra of 4f"6p, /2ns autoionizing states

can be found.

Keywords: Eu atom, 4f76p, s2ns autoionizing state, angular distribution, branching ratio
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