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Abstract; Advances in the techniques available for natural radiative lifetime measurement of excited states of
free atoms and ions are presented. The disadvantages and advantages of several often-used methods for radia-
tive lifetime measurements of free atoms and ions of rare-earth elements are reviewed by taking La I and
Pr I as examples. Then, the techniques of the laser ablation to produce free atoms and ions are introduced by
taking Sm I as an example, and the time-resolved laser induced fluorescence ( LIF) spectroscopy for the radi-

ative lifetime measurements is discussed in detail. The limitation of this method of LIF combined with laser ab-
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lation is summarized and a possibly useful solution is suggested, which may be helpful to further improve the

precision of radiative lifetime measurements.

Key words: natural radiative lifetime ;rare-earth element ;free atom(ion) ;laser-induced fluorescence spectrum
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Tab.1 Ground-state configuration for the first three

ionization degrees of rare-earth elements

Z I i i
Element Atomic Neutral Singly Doubly
sumber atom charged  charged
ion ion
La 57 5d6s’ 5d° 5d
Ce 58 4{5d6s’ 4f5d? 4f
Pr 59 465> 4365 af
Nd 60 4f*6s> 4f'6s 4f*
Pm 61 465 4 6s 4f°
Sm 62 41°6s> 41°6s 4
Eu 63 41765 4176s 4f’
Gd 64 4{'5d6s’ 4{'5d6s 4f5d
Th 65 465> 4165 4f
Dy 66 4f°65’ 465 4f"°
Ho 67 41" 64> 4" 6s 4f"
Er 68 4f26s’ 465 4f?
Tm 69 4fP6s’ 4fP6s 4f"
Yb 70 4657 4165 4"
Lu 71 4f'5d6s”  4f''6s’  4f6s
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Fig. 1  Schemetic diagram of beam-foil source
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Fig.2 Laser-probing technique for metastable states
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Fig.3 Laser-induced plasma as a source of free atoms

and ions
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Tab.2 Radiative lifetimes obtained from the 5d° (*F)6p level of neutral lanthanum
atoms(La 1) and 4f (*I)6p level of singly charged Pr ion (Pr 1)
Level Lifetime/ns Measurement method Year Reference
La [
14.2 +0.9 Level-crossing 1970 17
58 (CCF)6p 16 £1 Delayed coincidence 1985 18
18 172.35 ¢cm ™ 18 £3 LIF 1978 19
17.7+1.4 LIF 2004 20
Pr Il
10 £2 Delayed coincidence 1985 21
4F (*1)6p 5.79 +0.13 Beam-laser 2002 22
27 128.00 cm ™' 5.5+0.3 LIF 2002 23
8.4+1.2 Beam-foil 1974 24
8.4+1.2 Beam-foil 1975 25
5.6+0.3 LIF 2003 26
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Fig.4 Experimental setup
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Tab.3 Radiative lifetimes for two levels of Sm II measured by LIF technique

Level/cm ™' Excitation wavelength/nm Observed wavelength/nm Liftime/ns  Previous measurements
26 974.67 375.26 400 53 x4 54.4+0.7"
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Fig.5 Fluorescence signals and lifetimes under different conditions

ASCHIEGE T M 37 X5t 75 i £ 1) 52 ), G
YA e R B REG " A Zeeman 73 3L,
XL Zeeman FAE S B L EAH T A, BT
IRV I i 2 SO e s B s B 14,
A% 1) BT 23 A S R p i £ Fe B LA
& 6 Fis & Sm 1T 30 756. 88 em ™' REZHY

PO, FIE A BZ M4 Fay a0
MG, AR TE 5 ), A 2 0 24 2 18 T
YERT DX 77 e — A5 37, (R 3 Zeeman 53 %
HEO, T AU B 2 A R 458 T 1 A
AUFERE, IR 6 (b) sl f8 B4l &, ml 345
RE I FFA - 75 ns,,



555 3]

PELLE, A M T ST 0 1 SRR O A 667

20

I5F

Intensity / (a.u.)
=

0 100 200 300 400 500
t/ns

(2) MM F BN R TFHBR

(a) Quantum beats induced by earth magnetic field

Intensity / (a.u.)
S

0

0 100 200 300 400 500
t/ns
(b) N HI i b T Bk 140, A SR EEU 5K
5Sm II 30756.88 cm ™ 'BEZR 5 A 75 ns
(b) A strong field is applied to elimination of the quantum
beats, and the exponential fit gives a lifetime of
75 ns for the level 30756.88 cm ™' of Sm I

K6 D7 EEiR Lk

Fig.6 Measured fluorescence decay curves
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Fig.7 Decay curves for Ce | and Ce II (27549.029
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the profile of the excitation laser pulse. Their

fits are included

F18 e Al e A9 g 00 PR A ) 5 9 e e A —A4
J 1 ¥ 3 B 45 B AR T I, AR A5 1 1A
HHh AR RER A MM #E S, A AN 8 A7
TERTH],

7 4 kiE

ARG T JLRHIN B 1 TC R A 5 e
TR STFam IR EOR, PRANE S TR O



668

D2 6 %

BB A B i I M T ORI (E ) AR Ay BEAT T OREEAT S,
I HOCHE RN ST BE RN RS T itAm®m LA Fougm e 10
R IR TIRBORN B R BRI KT ge g Pr I 0,0 Ce T, 1L, (Tm I, 1, 55 A0%5
R, AR R RE IR R, ROLIEDTE WS, v A R R TR AT IR T
HE AR RS B B A B AR BB R4l

T B [ P RSO B B R AT rh B 28 S T Y

SE Wk
[1] XU H L,SVANBERG S,COWAN R D,et al.. Theoretical and experimental lifetime and oscillator strength determination

(2]

[10]

[11]

[12]
[13]

[14]

[15]
[16]

[17]

in singly ionized neodymium(Nd I )[J]. Mon. Not. R. Astron. Soc. ,2003,346(2) :433-440.
QUINET P,PALMERI P,BIeMONT E, et al.. Transition probabilities and lifetimes in neutral and singly ionized osmium
and the Solar osmium abundance[ J]. Astron. Astrophys. ,2006,448(3) :1207-1216.
SNEDEN C,COWAN J J,GALLINO R. Neutron-capture elements in the early galaxy[ J]. Annu. Rev. Astron. Astrophys,
2008 ,46 :241-288.
DOGARIU A,MICHAEL J B,SCULLY M O, et al.. High-gain backward lasing in air[ J]. Science,2011,331(6016) :
442-445.
YAO J P,ZENG B,XU H L,et al.. High-brightness switchable multiwavelength remote laser in air[ J]. Phys. Rev. A,
2011,84(5) :051802.
W4k A MR Z A B L T AR R R R RDEE IR [1]. F B RS ,2012(4) :430-435.
JIA J K,HOU L X. Electromagnetically induced transparency in crystals doped with rare-earth ions[ J]. Chinese Optics,
2012(4) :430-435. (in Chinese)
ZHUANG X B,XIA H P,ZHANG Y P. Fabrication and optical parameter calculation of tm®* -doped organic-inorganic ma-
terials[ J]. Chinese J. Luminescence ,2012,33(11) :1209-1214. (in Chinese)
R 2B B ECEF S, Y, (BO,), oG RERRF T[] A5 5 kv K [2009,7(6) :48-51.
ZHOU H F,WANG G F. Spectroscopic properties of Er’* -doped Sr, Y, (BO, ), crystal[J]. Optics & Optoelectronic Tech-
nology,2009,7(6) :48-51. (in Chinese)
G, B Lk G E A TR S IR RO G I ARR T AR S AR AR A [ )] &6 4R, 2007 ,28(3) :313-
316.
LAI CH,XIA SH D,DUAN CH K. Probabilitty distribution of luminescence lifetime of nanometer particles containing lu-
minescent ions embedded in medial J]. Chinese J. Luminescence,2007,28(3) :313-316. (in Chinese)
SAEAS, B R, HF AL, F L EC /T’ B2 Ga, Ge,, Sby, S BEHE 1 KM KRB AL B[], KR53k ,2011,
32(6) :565-570.
HUANG ZH Y,DAI SH X,LIN CH G,et al.. Luminescence and mechanism of energy transfer of Er’*/Tm’* -codoped
GasGeyySbSes glass[ J]. Chinese J. Luminescence,2011,32(6) :565-570. (in Chinese)
COWLEY C R,RYABCHIKOVA T,KUPKA F,et al.. Abundances in Przybylski’s star[J]. M. Not. R. Astron. Soc. ,
2000,317(2) :299-309.
NIST atomic spectra database levels form. [ 2012-01-29 ]. http ://physics. nist. gov/PhysRefData/ ASD/levels_form. html.
AKHTAR N, WINDHOLZ L. Improved energy levels and wavelengths of Pr Il from a high-resolution Fourier transform
spectrum[ J]. J. Phys. B,2012,45(9) :095001.
GOMONALI A I,REMETA E Y, Investigation of highly excited states of Samarium[J]. Opt. Spectrosc. ,2012,112(1) ;
15-23.
SVANBERG S. Atomic and Molecular Spectroscopy[ M]. Berlin; Springer-Verlag,2004.
BIEMONT E,DERKATCH A,LUNDIN P,et al.. Importance of an M2 depopulating channel for a Kr Il metastable state
[J]. Phys. Rev. Lett. ,2004,93(6) 063003.
DEMTR DER W. Laser Spectroscopy ; Basic Concepts and Instrumentation M ]. Berlin; Springer-Verlag,2003.



%5 PELLE, A M T ST 0 1 SRR O A 669

[18] BERGSTR M H,FARIS G W,HALLSTADIUS H,et al.. Radiative lifetime and hyperfine-structure studies on laser-evap-
orated boron[J]. Z. Phys. D,1988,8(1) :17-23.

[19] HESE A,B LDT G. Hyperfine structure, Stark effects and lifetimes of the excited 5d6s6p y’D;, ;,, states of lanthanum
I spectrum[ J]. Z. Naturforsch. Teil A,1970,25:1537-1545.

[20] PENKIN N P,GORSHKOV V N,KOMAROVSKII V A. Radiative lifetimes of excited La I levels[ J]. Opt. Spectrosc. ,
1985,58 :840-841.

[21] BULOS B R,GLASSMAN A J,GUPTA R,et al.. Measurement of the lifetimes of the z°F;,,, 2°D,,, z*G,,, and y*D,,
states of lanthanum[J]. J. Opt. Soc. Am. ,1978 ,68(6) :842-845.

[22] BI MONT E,QUINET P,S. SVANBERG,et al.. Lifetime measurements and calculations in La I [J]. Eur. Phys. J.
D,2004,30(2) :157-162.

[23] GORSHKOV V N,KOMAROVSKII V A. Lifetimes of Pr I and Pr Il excited states. Oscillator strengths of Pr I spectral
lines[ J]. Opt. Spectrosc. ,1985,58.561.

[24] SCHOLL T J,HOLT R A,MASTERMAN D, et al.. Measurement of radiative lifetimes in Pr Il and Nd 1 [J]. Can. J.
Phys. ,2002,80(7) :713-722.

[25] DOLK L,WAHLGREN G M,LUNDBERG H et al.. The presence of Nd and Pr in HgMn stars[ J]. Astron. Astrophys. ,
2002,385(1) :111-130.

[26] ANDERSEN T,S RENSEN G. Determinations of atomic lifetimes for the rare earth ions:Pr Il , Tm I, Lu II, Ce Il
[J]. Sol. Phys. ,1974,38(2) :343-350.

[27] ANDERSEN T,POULSEN O,RAMANUJAM P S,et al.. Lifetimes of some excited states in the rare earths:La Il , Ce
O,PrI,NdIl,Sm I, Yb I,Yb I, and Lu I[[J]. Sol. Phys. ,1975,44(2) :257-267.

[28] BI MONT E,LEF BVRE P H,QUINET P, et al.. Radiative lifetime measurements and oscillator strength determination
for transitions in singly ionized praseodymium(Pr I )[J]. Eur. Phys. J. D,2003,27(1) :33-41.

[29] XU H L,SVANBERG S,QUINET P, et al.. Time-resolved laser-induced fluorescence lifetime measurements and relativ-
istic Hartree-Fock calculations of transition probabilities in SmII [J]. J. Phys. B,2003,36(24) :4773-4787.

[30] LI Z,NORIN J,PERSSON A,et al.. Radiative properties of neutral germanium obtained from excited state lifetime and
branching ratio measurements and comparision with theoretical calculations[J]. Phys. Rev. A,1999,60(1) :198-208.

[31] SCHOLL T J,HOLT R A,MASTERMAN D, et al.. Measurement of radiative lifetimes in Sm Il [ J]. Can. J. Phys. ,
2002,80(12) :1621-1629.

[32] XU H L,PERSSON A,SVANBERG S. Radiative lifetimes in Ce I and Ce I [J]. Eur. Phys. J. D,2003,23(2) :233-
236.

ey

FLLBL(1968—) , &, HMKHF N, A
BE, TARIN, 2003 4F F 3 MoK 22 3R 15 27
b, 22N O I T Y BF
4%. E-mail ; hmjiang@ jlu. edu. cn

| 80 (1988—) ), MK AR, Bt
WFGELE 2001 45 T3 M2 A% -2
A, EENFROLEE A FB IO S
YO B A 7 T TS, E-mail -
helonggzq@ 126. com

Bt (1986—) I3, AR At
WFFEAE 2011 AR Tl pROR 2 345 2 o
i, FEMSEFOOLE = A REOE S
Yy )5t AR B AE T J7 1 A AF 5T, E-mail ;
yanghoss1986@ yahoo. cn

TRUER (1973—) 55, BRIV E AN, 1
o B AR W, 2004 4F T S SR
TER AT L2 r, FE RO
A RO S W SO ELAE 7
. 5T, E-mail : huailiang@ jlu. edu. cn




