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Abstract

Rb atoms were excited to the 5P3,; state using a single-mode diode laser. The fluorescence inten-
sity ratio of D1 and D; line was measured at different temperatures in Rb-N; system. The experi-
mental results show that when the N; pressure was filled at 100 - 600 Torr, strong elec-
tron-vibration rotational energy transfer between Rb-N, was produced, and collisions between
Rb-Rb atoms could be ignored. The fluorescence intensity of D, line decreased faster than D; with
the increase of pressure. The fluorescence intensity ratio of D1 and D; lines was almost unchanged
with the increase of temperature when the N, pressure at 600 Torr. By solving the rate equations,
we obtained average value of fine structure transfer cross section of Rb5P; atoms in 323 K- 353 K
range. The values of the cross sections from Rb5P3,, to 5P1,2 and from Rb5Py/; to 5P3,; were (6.57
*+ 1.64) x 10-16 cm? and (4.83 % 1.21) x 10-1¢ cm?, respectively. The quenching cross section in
Rb-N; collisions was (1.80 * 0.36) x 10-16 cm?2.
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R, FBANJERTE100~600 Torrff, Rb-N:EIEHENET - RN REEFEH, Rb-RbE FIREHER]
DLREE . BEEEBRIIEM, DAREE T D ZREHR . N.EFRFE600 TorrkY, D1ZRFID 21 R IGIRE H
FEEBEHAREARNEE. BILFRBERGTE, 53323 K~353 KiuE NRb5PE FHRIEMAEHMEBER
SEHME NG = (6.57 £ 1.64) x 10-16 cm2, 012 = (4.83 £ 1.21) x 10-16 cm?2. Rb-N.J&] i) FImiE 5 KA
T B N o1 = (1.80  0.36) x 10-16 cm?.
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1. 3]

-SRI 1 4 B 28 SO (DPAL) A& R N TAEN R, BB TR EEReLr. il
2k %0 ARG AR L, TEBOEAH), Re R, B % T, S IR SEAU8E AR A A R RS [ 1] [2] [3] [4]
TEG B A E P ARG MU, 7T DR RO IR, iR BN se N He AUR] i 2Rl
e, e mIRIE; N CoHg T T IEM A FRERIAI e AcHe, SRBA O 70U 5655 .

IEAESRNAT I IR - i SARTR A RG0SR A B8 104 S A4 4 B RIE 1 0 7% T R AR T K S8
FIFIRATFT[5] [6] [7] [8], 15 EIMI4EE KX BEMIR & R g8 h B Jofb 2 B i 7 B 22578k - Krupke (/)N
3R, 7E Rb S EHFFEA *He, JEIRM 1 atm #2755 2.8 atm I, HiH IR H 3 W 53] 28 W;
FEN He < 1~20 atm i, Y6 - JeREH R H 2% 42 = 3 50%. Shen (117N X BOR S0 5 1 2 18] K Bl
- SRR G R RE R R SRS AT T KBRS, 193] T E B SRR . X Rb-(Ar,N,)
REHRRRG, ME T ARFSIE T Rb(SPy) &M B4EH R, 45 H T Rb-N, Rl A 5.0 x 107'° cm?
[5]. X} Cs-Hy &40, SLHME T Cs6°D-7°P ARG B AL 410 & 7°P AP KA [6]; %46 Rb R4, ¥
LR Rb JEF 5P, 45, DFF 5P p-5Py, S MRS FE A N 2.9 x 107 em®, 5Py, BHIRERE S I
AN 3.1 x 107 cm? [8].

TEXFIR A SR RS e 2 3 R I FR I SE e T rh, W s NG S R 38K T 100 Torr [ R Gt 7L
B, BEEFRNSARRE RN, R R, MEEENE L. N, BEEENIRERS, S5k
AT T A P R A R L - SRSV BIRE A, 0T BRR I 5 EE S BAG AN R] A4 ) B A
o MR - ARG PR R SCIG R 7L, 7E4E S DPAL Hig 8% . 4t 26 v B A s e i s
P — B S E L. AL T 100~600 Torr JE#: T Rb-N, 24 i (IR A BT FE. 5
P AR OR R T B 5Py, BOR A, fEARTF Ny JESRANE FE 4 2E 43 BIERI Rb J5-F D, fl D, 261
BOLRRN eSS, WHe T 9 LsR T LB B RUE SR A (b, FFE TR R TR E T RbS’P T
s T 45 e A A 25 T RV 8 e K AT

2. ZWHR

KK S em, B 2.5 em FREBM A BB EEAN LS RY, HSEAH10° Pa iR NS H =
TohH 4B Rb: 72.15%, *Rb: 27.85%) 1 100~600 Torr 2 (F6 N4 5 58 H HS 38 1300 58 ), 3F B RE S
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REIARER N ESEARE. ZRAENmER A INNE, IIEEE, SR RN£0.1°C.

ISR B WA | FruR . DL100 B4 SRS E AR AR IR, I A 780.2 nm Bk Rb Ji 13 5P,
o EHBOCHRTEE T R PRSP B RIES OGS, BE R RS R AU LR A4
OGN ICCD,  HHiH NI EE

3. Sth5itie

DL100 HOt#§ 780.2 nm BOGIHLIRIMK Rb-N, IR A& 2T Rb J5 2 5P, BUKE, 1EREME TAEAE
FROTE 2 A% RE I FE AT R LU R LA

Rb(5Py, )+M — Rb(5P,,)+M+238 cm™ (1)
Rb(5P,,)+M — Rb(5P,, )+ M—238 cm”’ )
Rb(5P,, )+(5Py, ) > Rb(5D)+(5S,, ) ~68 cm ™! 3)
Rb(5P,,)+(5P,,) > Rb(5D)+(5S,, )~ 545 cm ™ (4)

BEAh, B A REAFAE Rb(SP) T 5 M KL T H R P KL AR
Rb(5P,)+M — Rb(5S,,)+M (5)

He, R T M = Ny Rb(5S,,). FE(D)AIQ)EREMEE IR TR EEFLITFE, Rb(5P) R A AL
REZmI G R4 238 em !, XML FER 5 HEAT « RLFE(3)FI(4) 2 Rk B B 45 7 (EP:Energy pooling)id 72, M
RERMIEE, HREQH@ERSIHT. TFE(G5)RZ Rb(5P) R TR R KR, BIEAE S Rb(5°P)E T
I N, 50 F 3 Rb(5S, ) i TAlfAi To58 S BRIE M RJEAS . Rb(SPs,) R 15 Ny SEHFAEK) v = 5 HREIAEH
ReEHL, A9 KEIRIRET IR ERELRE. L0 e NEAE5REZ) 100~600 Torr, L EJL
AL FERAFN KA, B THELN 107 em™, mim K FRESWET%E 00" em™), WHEAS
Rb(5P3,)J5 T M5 KR 2 o WUE TS TR & A A T i i i FE, Rb-Rb [8] (RE R 78 /T Rb-N, [8] (17t 1
Re & IF L FE ) AN (4) AT DL 2
3.1. BERFIES

BOCHUR RO(SP3) R T )5, BURA Rb(5Ps,) 8 T3 BLIE T 1R AR S S 2045 R il % B ANt i e oK
SRR E, FERRE R E R 20 NRARTTE, H 0~2 251K R Rb JE T 5810, 5P

5[‘[] 5P3/2 He &
%f Rb JE T8 5P, R 5Ps A ST IEZ T HE

i
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Figure 1. Experimental setup
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Figure 2. Schematic diagram of transition radia-
tion for Rb atoms
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dn(ll—ft)zzmnz (t)_(rl +Q1 +le)n1(l) (6)
d
n(zit(t) =Z,n (t)_(rz +0, +Zzl)n2 (t) @

H, n(ONKTHEE, Z RIS R, T AHARBIR, O MR KREHES ML
ERTERIEEAR), SRR R R T AR S G (1A B B 2%
=00, ny(0)=n, n(0)=0, RARELITIES
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Horp,

1
@, =E[(F1 +Ql)+(r2+Q2)+Z]2+ZZI] o)
2 2\ V2
i%{[(rl-FQ])_(Fzﬁ-Qz)] +2(le—221)[(r1+Ql)—(r2+Q2)]+(zu+zﬂ) }
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FesE T AN
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0,0_
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WO, =k N s k) R KIER ZEL, N 9Ny (SRR R 515 8). Z,, =k,N » Z,, =k,N »
kars ki KGNSS FRE R AL R R R A BT 5

k, =k, &exp(— AEJ (14)
g kT
Hrr, g=2J+1 RGHBE, XL 5P, 5Py, HEd g =2, g,=4, AE=238cm ' NEEHIAKE,
ks NBURZE S HH, TNFEMERE. £ T=333K K, k,=1.4k,. ¥ T, =3.7x10"s", T, =3.8x10"s"
[91AIAH B4R SRR AN (14) RAL A3 2] 7= 333 K B3R EL 578N N, B N )59 2 195 R
1, _3.87x10’ i +075ky,
I, ky, N ky,

TE A — I NS AN R NAEXS R R AR S PR E L, SEIe i G Bk, THRIRA RSN
MR R R4, ERAPEAS B JOE 2 R4 W RIANFEIREE, (15):NHIRIRA .

5E S oy F oy NAHBLRER F AT, o, =k, /v Ml o =k /v. v= (8kBT/nu)‘/ ® SRR T T AR
XA, p NREEXRL T AR, ks NBURZE 2 WA RN NS o T EAS B FEE T Rb-N,
B RGP R R
3.2. HifERBEEANE

A FEN N, FE % 100~600 Torr, AHRFIZSS T2 L1 10" em ™, 17 F 28U 2 30 5 10 JE 24540
JR T LN 10" em™ (T=333 K), # Rb-Rb [F] IR L8 /N T Rb-N, [ fRERE . 3 441 7 333K F
B N, SR 0 2¢ 6o B 1AL .

M3 T, BEE N, BRI, Rb 5T Dy &M D, 2R 5 608 I A L/h. BT N, 0 7

(15)

B, ARG RLARE A JGERRE R T, B RAR RGN . Dy BRIR/NEEEL Dy ZREER, i
HR)E S K.

T it B ek 5 150 5 A 323~373 K 2], H ICCD Wl & | AN A Ny He i T ) 5Py, — 5812 (794 nm) 1 5P5, —
5812 (780 nm) W e L. ARAN(I3)RAHAFRE T L/ 5 UN KX R fz ik, K 4.

4 R EZ MR R AEIEA BT ORFRE T Rb-N, BORE T 5 A% 18 2R 2 BORURA S ARl o8 5 A AT, 45
R 1.

fluorescence intensity
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Figure 3. The Py, dependence of Rb fluorescence
intensity
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Figure 4. Plot of population ratio against N ' at different temperatures. (a) 7= 323 K; (b) T'=
333K;(c) T=343K;(d) T=353K

B 4. FRIEE FRHABELS V' %R, () T=323K: (b) T=333Ks () T=343
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Table 1. Collisional transfer rate coefficient and cross section at different temperatures

# 1. TRIRE TR ERHIRER R Y R EE

K

k21<1)

2

)

kl(l)

2

021 o12 o1
323 3.90 6.84 4.74 1.14 2.01
333 3.72 6.44 4.83 0.94 1.63
343 3.77 6.42 4.73 1.03 1.76
353 3.92 6.59 5.01 1.03 1.73

Mgz 10" em® molecule™ s™'; @Efr: 1076 em?.

MEREG 25 R a] DUE Y, 7E 323 K~353 K il 5 Bl Py il 48 4 7 158 R BRI TR (B 846 A K. Rb(5Py)
A MRS N 45 M i B B P39 ME 0, = (6.57 £1.64)x107em?®, o, =(4.83£1.21)x10 " em?® , S KA
(¥ F4518 o, = (1.80£0.36)x10 " cm” .

5 72 Ny JE 5873 7124 100, 300 A1 600 Torr I 5% 't 7 Bl i 52 (A8 405G ZR it 42 o NI R] AR
P =100 Torr i, BEAEIRERT 2GR L I/L A — M ETH S kNS #2, P =300 Torr B, %%
SRPELE L/ TR R AR, EARE — MBI R ARS IR . P =600 Torr B, % 50 5 LU bt i 52 349 n 2=
KA,

FEN N, 5 P =100 Torr I}, Rb(5P3,)J5 15 N, 73 T8I LT - $RB) e s i 72 b | R R i A2
1%, BEERET S, 252 Rb R 75BN, SO ILIRBUK Y Rb(SPs) & 1% FER TR D, 261
H R 58S 2GR T B R, 1] Rb(SP ) &S IR T 1 Dy 28585 5 B il 5 T i AL AN K, WO i L Bl
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Figure 5. The relationship between Fluorescence intensity
ratio and temperature
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L Rb (5P3p) TP, ks BIREAEAEHIRED. 5P, ISR THOEI, D, ZesmE T, 96smL LhBEIR T
HE TRE. P =600 Torr B, N, 7r FH# 25K, Rb-N, [T - JRBNFEZREHR KOS FE & 3 S AL,
i T RO(SPs) T 10 H RS, Dy 2R Dy LRI 5658 LU bR E T+ = B AN K

4. g

ARSCSLIGHEFE T Rb-N, RGP R GE B H IS FE. 780 nm HOLEUK Rb 73] 5Py, R ZS, MET
KRR ISR ZME R Dy 260 D, RHIDEHRZ . I RRE R TR E T Rb 5 N, AR
Wl 0, =(6.57£1.64)x10"°cm’ , 0,, =(4.83£1.21)x 10" cm” ; fliH# S K #H o, =(1.80£0.36)x10 " cm’
R[5 28 Y Rb-N, [ B R AR TR (5.0 + 1.2) x 107" em?® B 40— 30 B 75\ N, JE 58 (938 11, Rb(5P5))
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