Vol.55 No.4 April 2006

55 4 2006 4
1000-3290/2006/55 04 /1793-05 ACTA PHYSICA SINICA ©2006 Chin. Phys. Soc.
*
T
310027
2005 8 15 2005 11 29
Holstein Ca Sr Ba
PACC 4255H 2540L
1.
Cu Mn
Cu .
resonance to metastable transition R— Holstein 910
M Ca Sr Ba R—M
1
R—M Ca Sr 3 R—
M Ba
2.
2
Holstein
P v
3 kv
T o :Jpve#”pdv. 1
37 0
v
.Srigouri ~* Holstein
_ ’ ’ ’
o Mn ReM on r Idt = An r +AJnr Groradr.
2
2 2
* 10374081 10574111 2004 AA84TS04

T . E-mail pbl66@zju. edu. cn



1794 55
nr — 1 — 1 8
r A " Ag w + Ay + AZj + T2 Ay
Cr r 7 _Acff
F= 1 4 5
r
7 8 4 5
N
Gror - Lo 3 "
N 4Trp2 op Ay
P Y Tih -
T p Gr r .
2 nort noret
B Ay Ca Sr Ba P
11
R
Holstein logP = - % + B+ ClogT" +107°DT". 9
7 10
o P mmHg ImmHg = 133.322Pa .
Ag =1.6A kR + ¢ =ln kR + ¢ - 1
koR =3 4 B 1 Ca Sr Ba
Ay =Aexp —0.653 k,R " T P
kR <3 . 5 | T
$ =0.8225 Ay koR=3 5 A B c D 7' /K
Tk Ca 10300 14.97  -1.76 0 713—1112
. 9600 1255 -1.21 0 1112—1757
Sr 9450 13.08  -1.31 0 813—1043
AL g, 2 A 9000 12.63  -1.31 0 1043—1648
ko = n 8 g/\/ T Ay, 6 Ba 9730 7.83 0 0 750—983
9340 7.42 0 0 983—1200
g1 &2 n
A Ay, =7.162 x __P
"k T
B
107y, vV TIM T
n. n 6
M Vo = clAy. ko T )
n n = A R
P
¢ 4 5
oy T P T
Ay T.
ky
2 Ca Sr Ba R—M
T =T
/pm Als™!
Ca 0.4228 4p 'py° 44215, 2.18 x 10°
’ 5.547 4p 'py° 3d'p, 3.68 x 10°
Ag w = Ay + Ay + . 7 Sr 0.461 5p 'Py° 5418, 2.01 x 10°
7 6.45 5p 'P° 4d 'D, 3.65% 10°
ESESES >E E Ba 0.5537 6p 'P,° 65715, 1.19 x 108
E : : 1.1306 6p 'P,° 5d3D, 1.1x 10°
E, . 1.5004 6p 'P,° 5d 'D, 2.8x 10°
1.1078 6p 'P° 5d3D, 3.6x10°




8 Cu Mn

4 1795
1 Ca Sr Ba x107* s Ba 2.5x107% s.
2 4 - 9 n =
R=10mm . 1 P
100—200 K ko T
1x10°% ¢ A g th Tih Ny,
T,. 3 R=1cm Ca Sr Ba
Ca Sr 2.6x107" s 2.7
3.0 3.0 3
i ey R R—M Ca Sr
& 2.0 YAy {2.0 & 3%
¥ // v/ *®
= / /Ca, &= Ba
B Bl ST &
& vl & 11%.
E 1.0 / 4 11.0 E
i / / // & ' :
X S S R 1 Ca Sr Ba
e
0.0kl Lo . . 0.0
0.8 0.9 Lo L1 1.2 R—M
SRAREE /10°K
1 Ca Sr Ba
3
Fy, Ny/em™3 Tw/s Ty /K /K
Ca 1.69%x 1073 1.96 x 10° 1.36x 10* 991 963 ' 2 5.54 um
Sr 1.82x10°° 9.93x 10 1.37x10°* 925 903 ' "B 6.45 ym
Ba 3.39x1073 5.66 x 10" 1.24x10°°¢ 875 973 1.5um
4 5 Ag kR 10%
2 3 T
e
&
Ba Eoy
il 10001
Ca Sr &
a
5 mm Ca Sr Ba b
20 mm 4 k —— ]
3
18 ! L
R 10 5 10 15 20
3 5 mm 20 mm Ca Sr Ba *42/mm
67 62 )
50 K
. R—M
Ca Sr Ba



1796

55

LRI ERBEIRE /10°K

0.08} \\\C"l\ ]

T —]

0.94 \ 1

L “\\‘\‘%Sr\ﬁ ]

0.901 —— ]

L \ Ba 4

Ba

0.86| e —

5 10 15 20
¥ /mm

Walter W T Solinmene N Pitch M 1966 [EEE J. Quantum
Electron . QE-2 474

Bokhan P A Solomonov V11979 Sov. J. Quantum Electron . 9 74
JnY Pan BL Chen G et al 2004 Acta Phys. Sin. 53 1799 in

Chinese 2004 53 1799
Pan BL. Mao BN Chen G et al 2004 Acta Phys. Sin. 53 3748
in Chinese 2004 53

3748

Pan BL Chen G Chen X et al 2004 J. Appl. Phys. 96 34
Isaev A A Petrash G G 1993 Proc. SPIE 2110 2

Carman R'J Brown D J W Piper J A 1994 [EEE J. Quantum
Electron . 30 1876

Holstein
Ca Sr Ba
R =10 mm
R =10 mm
R—M
8 Srigouri K Ramaprabhu S Prasada R T A 1986 J. Appl. Phys.
61 859
9 Holstein T 1947 Phys. Rev. 72 1212
10 Holstein T 1951 Phys. Rev. 83 1159
11 Smithells C J 1976 Metal Reference Book  London  Boston
Bufferworths pp231—233
12 KarrasT W 1982 Proc. Int. Conf. Laser’ 81 Mclean STS
Press pp871—876
13 Soldatov A N Filonov A G Shumeiko A S et al 2004 Proc. SPIE
5483 252
14 Pask HM Piper J A 1992 J. Appl. Phys. 72 5545



4 1797

Resonance radiation trapping in alkaline-earth
metal atomic lasers™

Mao Bang-Ning Pan Bai-Liang" Chen Gang Xia Ting-Ting
Department of Physics ~ Zhejiang University ~Hangzhou 310027  China
Received 15 August 2005 revised manuscript received 29 November 2005

Abstract
The resonance radiation trapping in alkaline-earth metal atomic lasers were investigated according to Holstein" s theory. The
threshold temperature  ground-state density and resonant level effective lifetime of the resonance radiation trapping were
calculated for Ca Sr and Ba atomic vapor lasers with different tube radii. The calculated threshold temperature is found to be
in good agreement with the experimental laser-starting temperature which indicates the resonance radiation trapping is a

significant factor in establishing the population inversion of the resonance to metastable transition lasers.
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