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Radiation and Collision Energy Transfer of Excitated
Cs(6P) Atoms Mixed with He

XU Jin, WANG Qing, DAI Kang, SHEN Yi-fan

(College of Physics Science and Technology , Xinjiang University, Urumqi, Xinjiang 830046, China)

Abstract By applying the laser absorption and fluorescence method, the cross sections for the fine structure mixing
and quenching of the Cs(6P) state, induced by collision with He atoms, have been measured. Cesium atoms were
optically excited to the 6 P;/; state. The excited atom density and spatial distribution were mapped by monitoring the
absorption of a counterpropagating single mode laser beam, which was tuned to the 6 P; — 8S;/; transitions. The
effective radiative rates were calculated for the 6 P; — 6S transitions. The fluorescence intensity Igys of the sensitized

3 at constant

6P/, — 65/, emission was measured as a function of He density in the range 0.5X10"® ~4X10%¥cm™
temperature T =337 K. It was found that the quantity N/Igs exhibited a parabolic dependence on N, confirming
that the quenching of the 6 P; states was due to collision with He atoms, not ground state Cs atoms. The coefficients
of the second-order polynomial fitted through the measured data yielded the cross sections g32.1,, = (1.46 £
0.51) X107 cm? and op = (2.28 £ 0.80)X10 ® cm® for the 6P; fine structure mixing and quenching,
respectively, due to collision with He atoms.
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Fig. 2 Experimental setup

FI R A A B A 2 AR B 6 2% (Laserl DL100
B ,50 mW, 4 %5 MHz, 852 nm) fiff Cs(6S,,,,F =
D RFEK. BHTEZEEHG TR Cs(6P;), , F =
5,4,3) RERIWBK » BUB B 09 H 3 AT DL
BOtH R, BOtES SRR HE. BOLRER R
5 mm, f] CCD ZZHL B A FdER, 22k
BRI AN EIRIEES 6S(F=4) > 6P, (F =5,
4,3) FLPRITEET, FEE R T AT A7 M LER T M2 3]
B 55 OB IR (B SRV ) . BB E0L
WA WICREHG S P E®H . EES
H 3R B )45 DU 5% A 5 N Bt 4% BORB2 ma FR B B A

F) P A6 0] 38 6 (Laser2) #81] 6P, R 7288 &
23 6] 4375 » FHUE G i ¥ o D R S 2L+ R
BOLE KA ET95 nm (6P, — 85, BRITLR) , kil
WO 7 558 R

I,(L) = I,(0)exp[— kssm«spg/z WwL], 12)

K ks, ,op,, (O AHER  BRICR L L ARG
KE AR I, 0) FBESHER 1,(L) G
B PMT (Jg #& )t 7 it &) W &, PMT %
RCA31034 B, H AL AL HEKE, YH LR =
—40 Ty, K8 & 30 4, BOA R m R R &
JE FRAR AR A 15 FL 00

6Py, R B 5 WU R BRI R & B oK 8 E
(Mitchell) F13% ] #r 2 (Zemanshy) & & 45 3 L7

J‘kSSl/Z«GPS/Z (V) le ==

(Assl/zesp

3/2 ) &8ss, ),

~ Nep,, I'ss,, <ep,,, » (13)
8 3/2 1/2 3/2

U Vs, ,

X g HEITNE B FEEDLE 2) 7RI E
6Py, JR FUT MR T M 6P RIRTHE
R %,

T 5 O B F 7 1) G BRI 26, B a2
£38 4> H1 AL (OMA) (INS-300-122B &) g 5 % )%

Isos » J%% 25 38 43 B A £5 BR300 mm, 1200 £ St HE
500 nm A MR, OB 1S T B 330~ 900 nm, £k 4, #
B1%2. 7 nm/mm, — R FEHE % JFE 260 nm, § H CCD
KA FEBHE —20 C, R EL B, B
25 pm, B4 B [E] 100 ms, 3T 3 B 2 1% £ 1§ {8 % T
BLHIWE BRI A AR He KIET Isss BYAHXT GRS
MZREOL LB EERE RIR. MBRITER:
BT ES852 nm JLANGK (ML B A TE895 nm#EFE
R, TEb¥ 2B X895 nm kb5 A 6+ 3t
B0, W BCED R (GRBOL R BEIH D). At
ZIE AT AE RN BRI 48 , 7E 10 5% 58t i B K
BFRAIFMBET . X EICFR8I5 nmk K 926k
%T&ﬁﬁﬂ‘%1§ﬂfy m%ﬁﬂi%?fﬁﬁ@ XZEl/z E@ CsHe
S FERI8IS5 nmyFEt, THE He &7 % B 11
Jn,CsHe 4> FWE X in, B WAEASF He % F 6,
895 nm# It % it FE AR A . PG E 895 nm
(BMEBHBE C R, BB ENT
%, [ Cs-He # i iR B (A 525 4337 K, s 22
Fmitht He B E, WIS BOG S 5906 3% 7T 15 2R
[ He %5 BT B AEXT 3 51 2R .

4 HRGE

WiE EE L 337 K, H I /R (Langmuir) 2 5,
EAxRX BEESEFHEEHR N =
1.25X10% em ™, 6P; R T A BBH R Iy, =
Lor, Ton, s Both Ty, B R AEHTE . T P 551
B, @ T 6P; — 65, HFTA 85 bRz,
EETRTEE.6P, R T8 ERHERZMHE
KU 3 K 6P, BIRFHEMEN RO
TR X (r = 0 B3 25 BB R » 1l 48 5 B 2R R R 7
JRF IR R, FE R BRGT R 6Py, BIRF 1.

1.0 7 .

“
[

N(r)/6x10' ¢cm

O‘O T T T T T ]
-1.5 -1.0 -05 0.0 05 1.0 1.5

ricm

B 3 Cs(6P;z) RTFHEE N(» WE—ILWRE R 451
Fig. 3 Normalized radial distributions N(#) of

Cs(6P;/;) atoms density



1240 2l 5|

¥ * 34 %

FI I SCHRL9 ] A it S PR 4 58 3 R R BOML10] ik
B (Voig) R R, WMLUITHE S HHEF
o N E I f =2.9X10°s !, I's, =
8.5X10° s,

Bl 4 258 T S A AL DB IR Teos (o u. i)
KBS R He 2 8 N AL EIEE R F(N) =
No N/ Isos (AR Y Tsos BAGES RBE) MITHESR
L 5, ATLAE W, FIN) MBAF A N B kR
AN AN REDEGLZREE R, BB WX R
GRZ HHEIRE)a = (1.21 £0. 25) X 10%
(em™%/a.u.1.)y ay =(6.111+1.23) X10* Cem ™%/
a.w i)l a, =(5.11+1,22) X107 *((a. . i. )7 1),
FIFH A0, ALK, B2 E @

op = (2.284-0.80) X 107" cm?,
on = (1.46+0.51) X107 cm?,

TGP]—GS

100 7 r1.0

90 A Transmission - - L09

80 1 / r0.8

70 1 g L 0.7
//]S‘)d

60 L 0.6

50 - / 0.5

40 1 H0.4

Transmission /%
Tgos(a.ui.)

Nrx10" em™

B4 SRR L (a.w i) FARE
He % B B [ 48 X 3% 5 %
Fig.4 Measured fluorescence signal intensity Isp; (a. u.i.)
and the transmissivity as a function of He atom

number density N

5 -
o4 /
o]
E N /./
i E - \ .
R agta N+a,N~
S 2
"
S
0 T T T T
0 i 2 3 4

N/X10" em”

B5 HeRFHE NSF ZREMNRER
Fig.5 Quantity F as a function of He atom

number density N

5 4 ®

7 CsHe BAZESR T, 852 nm POLI IR A
Cs RT3 6P, &, R T Cs(6Py,) 55 He BI¥E
MAEHMBE BB RIE B 6P, MESRTH
R E 5346, HE T 6P, — 651, BA R,
ﬁli?'fz:lﬁj He /_:U_‘E—F 6P/, —> 651/2 (895 nm)%@
TR E, FIAERT BN, /BT 6Py —
6P, MRS B E (1. 46£0.51) X 107" cm?,
6P; — 6S,, M ¥ KB ¥ & m A (2.28 =
0.80) X10 " em® , AL Ie I & M 2 B 500 ®,
AT B Fe =58 ot , 8k 5 T 3 A BUT X 52 0 45 2R
AL

2 £ x M

1 Cedomil Vacla, Vlasta Horvatic, Kay Niemax. Radiation
transport and collisional transfer of excitation energy in Cs
vapors mixed with Ar or He [J]. Spectrochim. Acta, 2003,
B53:1235~1277

2 M. Movre, C. Vacla, V. Horvatic. Mixing and quenching of
the Cs5Dj states induced by collisions with caesium ground-state
atoms [J]. J. Phys. B, 2000, 33:3001~3012

3 Shen Yifan, Li Wanxing. Dissociation of the NaK(E) state and
branching ratio of the Na(3P;) fine-structure levels [ ] ].
Chinese J. Lasers, 2002, A29(10) ;879~881
WML FT 2% NaK(E) 51 B MM Na(3P,) A G 43X
HII]. @k, 2002, A29(10).879~881

4 Jing Liu, Kang Dai, Yifan Shen. Collisional broadening of some
Z'A, < B'I, lines in Nap molecules by optical-optical double
resonance spectroscopy [ J]. Chin. Opt. Lett. , 2006, 4(7) ;376
~378

5 Yifan Shen, Kang Dai, Baoxia Mu e al.. Energy-pooling
collisions in Rb-Cs vapor mixture Rb(5P;) 4 Cs(6P3,5) —
Rb(5S1,2) + Cs(nly) [J]. Chin. Opt. Lett., 2006, 4(9):501
~504

6 Tiffany L. Correll, Vlasta Horvatic, Nicoto Omenetto et al. .
Experimental evaluation of the cross sections for the Cs(6D) —
Cs(7P;) and Cs(6Ds;2) — Cs(6Ds3) collisional transfer
processes induced by He and Ar [J]. Spectrochim. Acta, 2006,
B61:623~633

7 R. K. Namiotka, J. Huennehens, M. Allegrini. Energy-
pooling collisions in potassium; 4P;+4P; —>4S+ (nl =5P,6S,
4D) [J]. Phys. Rev. A, 1997, 56(1):514~520

8 Z. J. Jabbour, R. K. Namiotka, J. Huennehens & al..
Energy-pooling collisions in cesium: 6 P; + 6P; — 6S+ (nl =
7P,6D,8S5,4F) [J]. Phys. Rev. A, 1996, 54(2);1372~1384

9 Z. ]. Jabbour, J. Sagle, R. K. Namiotha e al.. Measurement
of the self-broadening rate coefficients of the cesium resonance
lines [J1. J. Quant. Spectrose Radiat Transfer, 1995, 54(5)
767~778

10 J. Tudor, J. M. Vaughan. A new tabulation of the Voigt
profile [J]. Astrophysics. J., 1963, 137:1302~1305



