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Abstract

In this paper, the collisional energy transfer process of excited Rb(5P;,2) atoms under varying ni-
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trogen buffer gas is investigated using the laser-induction fluorescence spectroscopy method. The
experimental temperature was set at 295 K to 473 K, and the nitrogen pressure was 100 Torr~500
Torr. The Rb atoms were excited to 5Py,; state by a continuous 794 nm laser emitted from a Ti:
Sapphire laser. The D; line and D; line fluorescence of Rb atoms were measured at different tem-
peratures and pressures of the buffer gas. By using the steady-state rate equation, we obtained the
functional relationship between the fluorescence intensity ratio of Rb atom D, and D; lines and the
impact on molecular density. The fine structure transfer cross sections and quenching cross sec-
tions of Rb(5P)) atoms within the temperature range of 323 K~433 K were determined through li-
near regression analysis based on experimental data. The experimental results demonstrate a
gradual increase in the fine structure transfer cross section of Rb atoms with rising temperature,
exhibiting respective increments of approximately 3.12 and 2.39 times. The quenching cross sec-
tion of the Rb(5P;) atom exhibits oscillatory behavior as the temperature increases. The D, line
transfer fluorescence of Rb atom becomes stronger as the nitrogen pressure increases within the
temperature range of 363 K~453 K. At this stage, the collision between Rb and N, assumes a do-
minant role in accelerating the mixing of fine-structure energy levels within Rb(5P)) states.
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Figure 1. Experimental setup
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Figure 2. Schematic energy level diagram of Rb atom
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Figure 3. Deduction of the collisional transfer rate coefficients for Rb(5P;) atoms. (a) T = 333 K; (b) T=373 K; (c) T = 383

K; (d) T=403K
3. Ro(5P) R FRIIEEBRERBMSH. (@) T=333K; (b) T=373K; (c) T=383K; (d) T=403K

Table 1. Collisional transfer rate coefficients and cross sections of Rb atoms at different temperatures

F 1. TEIEET Rb [FFRIRHER iR R R HME R

T/IK klz(l) 0.12(2) k21(1) 0.21(2) kz(l) 0_2(2)
323 0.81 1.43 1.17 2.06 2.26 3.98
333 0.94 1.64 1.32 2.29 0.76 1.32
343 1.05 1.80 1.43 2.44 0.58 1.00
353 1.04 1.75 1.37 2.31 0.31 0.52
363 1.43 2.37 1.83 3.05 2.19 3.64
373 1.89 3.09 2.37 3.88 4.50 7.37
383 1.85 2.99 2.26 3.66 2.96 4.78
393 1.79 2.85 2.14 3.41 1.97 3.14
403 1.95 3.08 2.29 3.60 2.10 3.31
413 211 3.28 241 3.76 1.67 2.59
423 2.07 3.19 2.33 3.58 1.07 1.65
433 2.93 4.46 3.23 4.92 4.26 6.48

Weafr: 1072 cm>molecule s @ifr: 107 em?.

SEIGHR R T 323 K~433 K 5l N Rb(5Py,) i T-7E 100~400 Torr Z /S H IMREEEAL REIE AR, BT %
RASHR T Dy 2R D, MR8 T 158, ML D281 D R R RE EARESE K, AN RERE 7%
BRI B /N — L X — 5 5 S ER[10] G E LE 323~373 K {6 il NI R A RD(5P ) S5 T+ FrTkS 41 45 #4488 Th A
PERA A RO — 8, BUE RN SR T Dy 281 D, R340 H O E 8 5 b, dnflidid ik
BEA G SIS IS G R R R T — AN R, AR AR S5 SR DO SE a5 28
WA B B S RE o SCRR[L]HARIE T RD(SPap) i1 5 CH, 4 FIRER 6 R AT, 2208 107 e,
oA TAE A R T R o X B T F e 7 F IR Re B %, mT A 08U 7 A= R =l 4 o il
FEERS . BRI ISR AR T BRI 7 (RS A0 45 MR B e A LA SR 25, (R A 5 5Nk ISR
KA N R A A O R ) AR A s>, X6 DPAL OGRS R o
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Figure 4. Temperature dependence of the collision transfer cross section of Rb(5P;) atoms
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F) (R R RS AR . IR ST 363 K G AR A BSR4 400 Torr [RFE S D, 2R 9 T8, 1E 453
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Figure 5. The variation of fluorescence intensity ratio of Rb(5P;) atom with temperature under different nitrogen pressures
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