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Excitation Transfer in Rb(5D-7S)-He, Ar,H, Collisions
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Abstract Cross sections for 5D—>7S transfer in Rb, induced by collisions with He, Ar atoms, and H, molecules,
respectively, are determined by using methods of atomic fluorescence in a glass fluorescence cell. The resulting
fluorescence includes a direct component arising from the optically excited state and a sensitized component due to the
collisionally populated state. Measurement of relative intensities of the two components in relation with different
quenching gas pressures yieldes the cross sections of ¢ (5D-7S) of (1.2+0.3) X 10 " c¢m*, (1.3£0.3) X
10" cm®, and (8.34+2.1)X10 "cm® for He, Ar, and H, . respectively. Cross sections for the effective quenching
of the 7S state are also determined. The total quenching rate coefficient out of the 7S state is much larger for H,
(1.7X107"cm?® « s7') than for He and Ar. And the coefficient corresponds to the reaction and nonreactive energy
transfer. We detenmine the cross section of (1.0£0.4) X 10 " cm?* for reaction of Rb (7S) with H, by experiment.
And the cross section of (7.142.9) X 10 ' cm® for reaction of Rb (5D) with H, is obtained. The relative reactivity
with H, is in an order of Rb (7S)>Rb (5D)
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Fig. 1 Energy levels of Rb and corresponding transition
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Table 1 Rate coefficients for 5D-7S energy transfer in

collisions with the gases
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Table 2 Cross sections obtained in expeniment

031 /Cm2 043 /sz 0‘71”7/ cm’ o) /Cm2 oy /sz o) / cm?’
RbH (8.3+2.1) (5.0+1.3) (8.8+2.6) (1.040.4) (1.740.5) (7.1+2.9
: X107 X 1071 X 10718 X107 X 1071 X107
Rb-H (1.240.3) (7.0%+1.8) (1.140.3) (2.440.7)
¢ X107 X 1071 X107 X107
(1.340.3) (7.942.0) (1.040.3)
Rb-A ]
b-Ar X108 X107 X 10
5 élﬂ:l: ib (5D)—>Cs(6S) + Cs (nl=9D,11S,7F)[J]. Opt. Commun. ,

16 Rb(5D) +H, (He, Ar) By FE i s ) ik
MR RO T % Rb JF 72 5D 25 A R 1 9¢
TS 7 B A = RE B Y R Ty R b L 15 3
T Rb(7S)+H,—>RbH-+H f Rb(5D) + H, ~>
RbH+ H @9 2 W 8 11 40 7 & (1. 0 = 0. 4) X
10" em® fI(7.142.9) X107 em?®, 7S BT 5
H, B3 sk KF 5D BT

5 £ X

1 C. Vacla, V. Horvatic, K. Niemax.

collisional transfer of excitation energy in Cs vapors mixed with
Ar or He[]]. Spectrochim. Acta, 2003, B58: 1235~1277

2 Wang Qian, Shen Yifan, Dai Rate

measurement for the energy-pooling collisions; Cs (5D) + Cs

Radiative transport and

Kang. coefficients

2008, 281: 2112~2118

Yifan Shen, Kang Dai, Baoxia Mu et al.. Energy-pooling in Rb-
Cs vapor mixture Rb(5P;) +Cs(6P3/3) >Rb(5S;,2) + Cs(nl-)
[J]. Chin. Opt. Lett. » 2006, 4(9): 501~504

Xu Jin, Wang Qing, Dai Kang ez al.. Radiation and collision

8}

e

energy transfer of excitated Cs(6P) atoms mixed with He[]].
Chinese J. Lasers, 2007, 34(9) . 1237~1240

Vi, £, W OB SE. Cs(6P)BUR MRS 5 He b
MR R R I, P EM ok, 2007, 34(9) . 1237~1240

Chen
evaluation of the Rb (5P3,5) level effective radiative rate in the
vapor mixed with Ar and Ny [J]. Chinese J. Lasers, 2008, 35
(6): 907~910

M 3. IR . A2 % Rb +(Ar. N TR G ZESH 5P 2 fig
PG ORI RS A RELT ], o B ok, 2008, 35(6): 907~
910

L. H. Fan. J. J. Chen, Y. Y. Linetal.. Reaction of Rb(5?D,
7¢S) with Hy[J]. J. Phys. Chem., 1999, A103:1300~1305
7Y. L. Lou, K. C. Lin, D. K.

wl

Jie, Bai Zhenao, Zhao Yikun et al.. Measurement and

o

Liu et al.. Collisional



8 4] KA I

Rb(5D -7S)- He, Ar, H, HYHlf#% 68 & 55 5% 2013

deactivation for K in high-lying 2S and 2D states by Hy [J].
Phys. Rev. A, 1992, 46(7) . 3834~3839

8 S. Bililign, B. C. Hattaway, T. L. Robinson et al.. Far-wing
scattering studies on the reaction Li * (2p,3p) +Hy,—>LiH(v"'=
1,2,J+H[J]. J. Chem. Phys., 2001, 114(16) ; 7052~7058

9 B. C. Hattaway, S. Bililign, L. Uhl ez al.. Energy transfer in
Li(4p)+ (Ar,H;.CHy) collisions[J]. J. Chem. Phys. 2004,
120(4): 1739~1744

10 P. D. Kleiber, T. H. Wong, S. Bililign. Collisional energy
transfer in Na(4p—3d)-He, H; collisions[J]. J. Chem. Phys. ,

1993, 98(2): 1101~1104

11 F. A. Gianturco, J. Frang, R. J. Buenher et al.. Positron
binding to alkali-metal hydrides: The role of molecular vibrations
[J]. Phys. Rev. A, 2006, T3: 022705

12 C. E. Theodosiou. Lifetimes of alkali-metal-atom Rydberg states
[J]. Phys. Rev. A. 1984, 30(6): 2881~2909

13 A. Gallagher, E. L. Lewis. Determination of the vapor pressure
of rubidium by optical absorption[J]. J. Opt. Soc. Am. , 1973,
63(7): 864~869



