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Emission spectra of Cs-He excimers in cold helium gas

K. Enomoto? K. Hirano, M. Kumakura, Y. Takahashi, and T. Yabuzaki
Department of Physics, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan
(Received 27 April 2002; published 15 October 202

We observed broadband emission spectra of Cs-He excimefdig}sn cold He gas (1.3—100 K), when
Cs atoms were excited to the’B states. We calculated the emission spectrum from each vibrational state of
Cs*He using Pascale’s semiempirical Cs-He potential energy clidv&ascale, Phys. Rev.28, 632(1983],
and compared the results with the observed spectra. From the measured spectral shape, we estimated the
relative populations of the vibrational states of*E® at various He gas densities, and estimated the predis-
sociation rate of CsHe in theA 2I1,,, state. Moreover, a broadband emission spectrum &H@s was also
observed, which was compared with that observed in liquid He.

DOI: 10.1103/PhysRevA.66.042505 PACS nuntber33.20.Ea, 34.36:h, 67.40.Yv

I. INTRODUCTION number of He atoms bonding to an alkali-metal atom. The
exciplex formation in liquid He is so rapid that transient

Alkali-metal atoms in gaseous He have been investigatedxciplexes, such as €Ble, have not been observed. Thus
by spectroscopic methods for a long time. The presence ahore dilute He environments are required for investigation
He causes pressure broadening of resonance lines of alkatf transient small exciplexes, to obtain information on the
metal atoms. The wide red wings of tBeemission lines of  alkali-metal-He interatomic potentials and on the maximum
alkali-metal atoms have been investigated extensiiiehg], numbern,,«. Recently, fluorescence from*iKe,, Na* He,
and recently precise measurements of the pressure broadgfr=12) [17], and RB He [18] was observed in such an
ing of the RbD absorption lines were reported by Romalis environment. These exciplexes were produced by photode-
etal. [7]. These resonance line profiles were utilized totachment from the surface of He nanodroplets. In these stud-
evaluate the alkali-metal—He interatomic potentials, whichies the observed spectra were compared with calculated spec-
are difficult to determine precisely because of the weaknesga using Pascale’s alkali-metal-He potentig&. Time
of the attractive interaction. However, clear observation ofresolved studies have also been repofedj20, and Schulz
fluorescence from alkali-metal—-He excimers and exciplexest al. suggested that,,, for K-He exciplexes is 4, by ob-
which leads to more precise evaluation of the interatomiGerving the mass spectrum of exciplex&9]. However,
potentials, has not occurred until recently. This is mainlyCstHe has not been observed yet in spite of the interesting
because most of the experiments were carried out at or aboygature that it has a large difference from other alkali-metal
room temperature, so that the thermal energy exceeded thgoms in the spin-orbit coupling strength. Thus we chose Cs,
small binding energy of alkali-metal and He atopfisr ex-  and we also intend to determime,,, for Cs-He exciplexes.
ample, the potential well depth for the first excited state In the present work we have used the simp'est environ-
(A?I1) is calculated to be 112 cr for Cs-He[8]]. ment of dilute He: cold He gas. This environment has an

In the last decade, spectroscopic studies of alkali-metajdvantage over He nanodroplets, that is, we can change the
atoms in cold He environments have made great progresgmperature and the density of He gas over wide ranges. So
[9], and exciplex formation ifor on) condensed He has been tar such a cold He gas has been used by Jakebek for
discussed to explain the unique features of the fluorescencgpserving the fluorescence from Age, (n=1,2) [21].
For example, in superfluid bulk liquid He, alkali-metal-He  |n Sec. Il we describe the experimental setup, and in Sec.
exciplex formation explained the absence of fluorescenc@| we show observed emission spectra of *€®, (n
from I|ght alkali-metal atomi{l_i,Na) [10—12, the absence :1,2) In Sec. IV we compare the measured Spectra of
of the D, line emission from excited Rb and Cs atofdS],  Cs*He with theoretical ones calculated from the Cs-He po-
and the quenching of the Rb’®, state in pressurized lig- tential curves reported by Pascdl, and discuss the pre-

uid He[14] A|SO, in solid He, Rb atoms do not emit visible dissociation rate of CHe in theA 21_[1/2 state. We also show
fluorescence whereas Cs atoms do. Therefore, light absorgn emission spectrum of Cs in liquid He.

tion was used to detect nonfluorescing Rb atoms in a recent
optical-rf double resonance experim¢ib]. These interest-
ing qualitative differences between different alkali-metal at-
oms can be explained in the context of the difference in
spin-orbit coupling strength of thie state[12]. In liquid He, The experimental setup is illustrated in Fig. 1. The experi-
we observed infrared emission when heavy alkali-metal atment was performed with a Pyrex glass cell (2>&icm
oms (K,Rb,C9 were excited to the firsP state[16]. The X3 cm rectangular solidcontaining a small amount of Cs
emission is expected to be from the largest alkali-metal-metal and He gas at a pressure of about 3.5 atm at room
Henmax exciplexes, wheren,,,, represents the maximum temperaturéthe density was about@10™® cm™3). After the
glass cell was evacuated t010 ° torr and baked at 500 K
for about 20 h, Cs metal was transferred by distillation. To
*Electronic address: enomoto@yagura.scphys.kyoto-u.ac.jp  fill the cell with He gas at a high density, we immersed the

Il. EXPERIMENTAL SETUP
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FIG. 1. Experimental setup.
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cell in liquid nitrogen(77 K), introduced the He gas under 1
atm, and then sealed it off.

The cell was immersed in superfluid liquid He for cell L\v
temperatured <2.17 K and it was placed in cold gaseous 129K , / L v
He for T>2.17 K, in a cryostat with optical windows. Be- O o0 10500 11000 11500 12000
low 1.9 K the He gas in the cell liquified. The He gas density Wave Number (cm™)

was estimated from the saturated vapor pressure at a given
temperature. Details of this cryostat chamber and the method FIG. 2. Emission spectra in the casel®f excitation at various
of preparing cells have been described in R22]. temperaturesthick lines. The superpositiong&otted lineg of six
To produce Cs vapor in the cold cell we adopted the lasefsaussian curveghin lines are fitted to the observed spectra at 1.29
ablation method; the second harmonic of pulsed Nd:¥LiF K and 1.80 K. Above 1.9 K the He gas density was 9
laser radiationpulse energy 10QJ, repetition rate 1 kHz, X10*°cm3, and below 1.9 K it was given by the saturated vapor
wavelength 523 ninwas focused on a small area of the cell PresSure- 6.24}01 cm *at 1.80 K, 2. 10" cm™* at 1.48 K, and
wall, which was almost transparent but certainly covered#* 10 cm? at 1.29 K.
with a thin film or small particles of Cs. After a few second
irradiation, we obtained cold atomic Cs gas with a density ofsensitivities of both detection systems were calibrated by us-
10°—10° cm™3. The increase of the cell temperature causednd @ commercial standard lamp.
by the laser irradiation was measured to be less than 0.01 K To observe the emission spectrum in liquid He, we im-
for T<1.9 K and less than 0.5 K foF>1.9 K. This tem- mersed bulk Cs metal in liquid He at 1.6 K, and sputtered its
perature increase was confirmed by observing the smafiurface with the pulsed Nd:YLiHaser (100uJ/pulse, 523
broadening of th®,, (6 2S,,,— 6 2Ps,) excitation line. With ~nm). Following a dark period of 5@s after each sputtering
respect to the preparation of cold alkali-metal atomic gas wéulse, a chopped cw Ti:AD; laser excited the produced Cs
previously reported the light-induced atom desorptionatoms through th®, line [intensity ~300 mwW/mnf, wave
(LIAD) method, which is a very effective way to produce number 12034 cm" (831.0 nm].
cold gaseous atoms for Rb and[R2]. However, we did not
adopt the LIAD method in the present work, because it is not
efficient above the superfluid temperature and does not work
effectively for Cs. The laser-induced fluorescence spectra observed through
The gaseous Cs atoms produced were excited by a c®, excitation (11736 cm!) at various temperatures are
diode laser bearttypical intensity 1 mW/mrf), which was  shown in Fig. 2. The spectra shown have been normalized by
tuned to theD; line (62S;,—-6%P;,) at 11181 cm® the total fluorescence intensity integrated over the observed
(894.3 nm or theD, line (62S,,—6 %P3, at 11736 cm!  wave number range. As reported in REf], at room tem-
(852.1 nm. The fluorescence from a small volume in the perature we observed only tH2 lines of atomic Cs with
excitation beam was introduced into a spectrometer and devide wings. However, at low temperatures<(100 K), a
tected with a liquid-N-cooled charge coupled devi€€CD)  broad spectrum ranging from th®, line to about
(Princeton Instruments, LN/CCD-1100PFhe resolution of 10300 cm ! was clearly observed. This is the spectrum of
the spectrometer-CCD system was about 16 trand the Cs*He excimers as discussed in Sec. IV C. A weak red wing
available spectral range was from the visible range to abousround 10 000 cm' observed at 3—-15 K is from ¢sle, as
10000 cm't. For the longer wavelength regigwave num-  discussed later.
ber down to 6250 cm'), we used an ir-sensitive photomul- ~ The observed spectral profile was found to depend
tiplier tube (Hamamatsu, R5509-7Xonnected to a mono- strongly on the temperatur®e below 1.9 K, where the gas-
chromator, with a resolution of about 60 cm The eous He density in the cell changed drastically vilitiThe

Ill. OBSERVED EMISSION SPECTRA
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FIG. 4. Emission spectra in an infrared region at 6.6 K and 2.1
K (solid lines in the case oD, excitation. They are normalized by
the intensity of the spectral component at 10 695 &nThe dotted
line shows the difference between these two spectra.

FIG. 3. Emission spectra in the casef excitation at various
temperatures. They are normalized by the peak intensity obthe
emission line.

observed spectra were composed of four broad componen
and two atomid 4 andD, lines, so that we fitted the super-
position of six Gaussian curves to the observed spectra,
shown in Fig. 2. We found that the center wave numbers o
the four broad Gaussian curves were about 10 695%m
11070 cmt, 11380 cm?, and 11635 cm?', and the full
widths at half maximun{FWHMSs) were, respectively, about
440 cm't, 390 cmi'?, 295 cmi't, and 190 cm®. Compar-
ing these four best-fitted Gaussians at the temperatures 1. _ ) - .
K and 1.29 K, we found that the positions and widths of thei% 050 cm* and a width of 620 cm’, was observed in

four components did not change, in spite of large changes u'(.j He as shown in Fig. 5, where we also see the narrow
the spectral profile, except for a slight red shift 21 line. No other spectral component was observed in the
(—80 cn ) of the c’omponent at 11070 crh with de-  Wwave number range down to 6250 ¢ The integrated in-
creasingTl. These broad components correspond to the emidEnsity of 'Fhe brc_)ad Im_e was 0.97 relative to the tota_l fluo-
rescence intensity. This line around 10 000 ¢nis assigned

sion spectra from the vibrational states of*Ele, as dis- S . .
cussed in Sec. IVC. At about 1.9 K the components af® be the emission from C&le, as discussed in Sec. IVE.

10695 cm* and 11 070 cm® were dominant, and at about
1.3 K the former component became very weak. As the tem- IV. ANALYSIS AND DISCUSSION
perature increased from 1.9 K, the former component de-

creased fast and the latter decreased slowly. The ratio of the ) o )
total intensity of the emission from €hle to that of theD We considered that the observed emission spectra in cold

lines from Cs gradually decreased, for example, it was 3.8 dfi€ g9as were from Cde, (n=1,2) exciplexes, and that the
2.1 K and 0.7 at 50 K, although the He gas density was

It<s, where we see the existence of a weak spectral component
ound 10000 cm' at 6.6 K. This line was observed only in
e temperature range fro3 K to 15 K. By subtracting the
spectrum at 2.1 K from that at 6.6 K, we found the peak of
the line was at 10045 cnt and the width was 610 crt.
The integrated intensity of this line relative to the total fluo-
rescence intensity was 0.05.
A similar broadband emission spectrum, with a peak at

A. Calculation of the emission spectra of CsHe

constant (X 10'° cm™3). 7 o°r
We observed also the fluorescence inducedbyexcita- 5
tion (11181 cm). In this case a very weak broad compo- & 04r
nent was observed on the red wing of fheline at tempera- s
tures above 10 K(Fig. 3. No other emission line was & 03[
observed. At temperatures below 10 K the emission spectra g
were almost the same as that at 2.1 K. With increaSirnfe go2r
intensity of the broad component became larger, and the frac- §
tion of the broadband emission in the total emission intensity & 0.1r
had the maximum value-0.01 at 35 K. ForT>35 K it 3
gradually merged into the wing of tHe, line. This compo- S L L L L 1
nent had almost the same position and width as those of the I 9000 9‘?,(\)/0 1lﬂooob 10500, 11000 11500
spectral component at 10 695 chobserved in thé, ex- ave Number (cm )
citation case. This is the emission from*Gte in theA I1,, FIG. 5. Emission spectrum of Cs atoms excited throughthe
state, as discussed in Sec. IVB. transition (12034 cm') in superfluid liquid He at 1.6 K. The

We also paid attention to the red wing of the*€& spec-  proad component at about 10 050 chris assigned to be the emis-
tra in the range of 9500—10500 crhobserved in the case of sion from C&He, and the narrow one at 11210 cfis the D,
D, excitation. Figure 4 shows the red wing at 2.1 K and 6.6emission line of Cs.
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undulating structure in the case Df, excitation was super- 12000¢
position of the emission spectra from different vibrational B2
states of CsHe. To confirm them, we calculated the emis- 11900¢ 12
sion spectra of C&He under the Franck-Condon approxima-
tion, using Pascale’s semiempirical interatomic potentials  11800¢ Cs(62P3p2)
[8]. Since these potentials are spin-orbit averaged ones, w . *He
must take account of the spin-orbit interaction, which is 11700} [
stronger than the interaction between He and G&pat the
equilibrium internuclear distance. The method we used is the =
same as that in Reff23,24). The potential curves relevantto = '14%F D
the Cs(6°P)+He(1'S,) atomic system are for thé 2I1 £ 2
and B2 states which are well expressed in heSL,S,) <= 1130¢ ,
representation. The spin-orbit interaction is, however, diago- @ Cs(6°P172)
nal in the [LSJJ) representation. The total interaction @ ''29°f _tHe
Hamiltonian can be written in terms of the bases W
[B?S1/2,A %Il y5,A %y, as 111003 4 5 6 7. 8
_ ) Internuclear Distance (A)
J2 1500 |
VE(R) ?ASO 0
2 Aeo . ) 1000 X 25 D
S As0 Vn(R)—— Y ol 172
Ao Cs(62S12)
—>F + He
0 ViRt O
) ) Internuclear Distance (A)
whereA s, is the spin-orbit splitting energy of Cs in the’B FIG. 6. Cs-He potential curves including the spin-orbit interac-

states (554.04 cnt), Ris the Cs-He internuclear distance, tion (solid lines. The dotted lines show the vibrational energy lev-

and Vi;(R) and Vy(R) are the potential energies for the els. The electronic state of the separated atomic pair is also shown

AZIl andB 23 states, respectively. This method is based orfor each molecular electronic state.

the assumption that the spin-orbit coupling strength is inde-

pendent ofR. The emission spectrg v) for the transitions from the vibra-
Diagonalizing the matrix1) for eachR, we obtained the tional states of these twé 211 states to the ground state

potential curves of Cs-He as shown in Fig. 6, where theX°Z1, were calculated under the Franck-Condon approxi-

ground state potential curve is also shown. They are labelegation:1(v)=v*|f[dR¢(R;v) ¢’ (R)|?, wherev is the tran-

by the dominantL SL,S,) component at smaR. The poten-  sition frequency, andj(R;») is the wave function of the

tial curve with the highest energy among the three excite@lectronic ground state. We have neglected their rotational

states is that for theB 23, state which correlates with Structure. The calculated spectra are shown in Fig. 7. We

Cs(62P3,) + He(11S,). This potential curve does not have compare these theoretical spectra with the observed ones in

a well deep enough to make a bound or quasibound stat&ecs. IV B and IVC.

The middle potential curve is for th&2I15, state correlating o _ o

with Cs(62P3,2) +He(11Sy). This potential curve has a well B. Emission spectra in the case oD, excitation

at R=3.5 A with a depth of 112 cm' measured from the In the case ofD; excitation, we observed only th@,

dissociation limit and has no potential barrier. The lowestemission line of Cs and a very weak broad spectral compo-

potential curve is for theA?Il,, state correlating with

Cs(62P,,,) + He(11S,). This potential has a barrier ® TABLE I. Energies of the vibrational states of 'Gde (v is the
=50 A with a height of 75.2 et measured from the dis- vibrational quantum numbgrThese values are relative to the ener-

sociation limit and has a well &=3.5 A with a depth of 9168 Of CS(EP 1) + He(1'Sy) and CS(EPy) + He(1'Sy) for the
52.2 cm ! from the peak of the barrier. The potential curve A e _andA [y, states, respectively. The state with a positive
for the ground stat&X 23/, is almost repulsivés]. energy is a quasibound state.

We calculated the vibrational eigenfunctiof$(R) and

eigenenergies for tha 2I1,,, and A ?I15, states. The calcu- Vibrational state Energy (cm)
lations were performed with Le Roy’s program cade/eEL A2, 0v=0 48.35
7.4 [25], which can numerically solve the one-dimensional A2, 0v=0 —84.89
Schralinger equation with the Numerov-Cooley algorithm. v=1 —45.09
The A2I1,,, state has only one quasibound vibrational state v=2 —19.79
(predissociating stateand theA 2115, state has five bound v=3 —5.90
vibrational states. The energies of these vibrational states are v=4 —051

listed in Table | and are also shown as dotted lines in Fig. 6

042505-4
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FIG. 8. Emission spectrum of €kle in theA ?Il,, state. The
solid line shows the difference between the spectra observed at 30.0
K and 2.1 K in the case db, excitation(see Fig. 3. The dotted
line shows the theoretical spectrum. The dashed line shows the
Gaussian curve with a peak at 10 695 ¢nused in Fig. 2.
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C. Emission spectra of C§He in the case ofD, excitation

AAZUW v=0 When Cs atoms were excited through tbBe line, we
0.0 = PR AL G

10000 70500 11000 11500 observed that the emission spectrum _consisted of several
Wave Number (cm”) broad spectral components...Thls emission spectrum is yveII
expressed by the superposition of the six Gaussian functions
FIG. 7. Calculated emission spectra off € in theA2[l,,»  Shown in Fig. 2. Comparing these Gaussian curves with the
=0 andA 214, 0 =0—4 stategsolid lines. The relative population theoretical spectra calculated in Sec. IV A, we found that the
of each state is normalized. The dotted lines show the Gaussidi®Ul broad components centered at 10 695 ¢m
curves used in Fig. 2see Sec. IV G 11070 cm*, 11380 cm *, and 11635 cm* correspond to
the emission from theé\ 21, v=0, A%Il5, v=0, A?[lg;,
v=1, andA?Il,, v=2 states of CsHe, respectivelysee
Fig. 7). It must be noted that there exist deviations of the
nent around 10 695 cnit, as seen in Fig. 3. These two com- peak positions between the experimental spectra and the cor-
ponents overlapped each other, so that in order to obtain thesponding theoretical ones. In any case, the theoretical peak
broad spectral component distinctively, we subtractedXhe is located on the high energy side of the experimental one.
emission line(the spectrum at 2.1 Kfrom the spectrum We believe, however, that there is no ambiguity in the above
observed at 30.0 K. The resultant broad component is showassignment, because all deviations are relatively small
in Fig. 8. This broad component is quite similar to the theo-(<125 cm ). Furthermore, the component at 10 695 ¢m
retical spectrum for theA?I1,,v=0—X?23,,, transition, has already been assigned independently from the experi-
which is shown by the dotted line in Fig. 8. Thus we canmental result in the case @, excitation, as mentioned in
conclude that this broadband emission is frontBs in the ~ Sec. IVB. The deviations probably result from the lack of
AZ2I1,,0=0 state. The peak position of the theoretical specPrecision in the pazlr potential curves of Cs-He. The emission
trum deviates from that of the observed one by aboufPectra from thé“ll;,v=3 states are almost merged with
50 cmi ! toward larger wave number. This deviation can beth€ red wing of theD; line, and thus we cannot distinguish

attributed to errors in the potential calculation. The inte-tN€SE€ components.

; ; ; i As described in Sec. Ill, we observed a slight redshift of
grated intensity of this broadband emission was much ' . .
smaller than that observed in the casébgfexcitation. This the component at about 11 070 chwith decreasingl. We

. . . . . . consider that this peak shift is caused by the fact that the
is ascribed mainly to the existence of the potential barrier for 2 - .

P spectrum from theéA “I15, v=0 state almost overlaps a mi-
the A <Il,, state.

. . nor component of the spectrum from the=1 state located
Note that theA I1,,, state has only one vibrational state P P b

i . at slightly smaller wave numbdsee the calculated spectra
according to our calculation. Therefore we can clearly con-

clude that the observed broad spectral component can from th_ev=0 andv=_1 states shown n F'g')YAS men-
. . > o 2 " t%F'Oned in Sec. IV D, with decreasing the population of the
assigned uniquely to thé "I, ,0=0—X "2y, transition.  _ 4 g0 increases relative to that of e 0 state, and it
This favorable situation is not realized for Nae [17], results in the redshift ’
K*He[17], Rb*He[18], or even C§He in theA 214, state. '

Emission spectra of these excimers are superpositions of the
components from several vibrational states, which overlap
one another. Thus it is difficult to decompose it into indi- Here, we estimate the relative populations of vibrational
vidual components. states of theA 2I1,,, and A 21, states at various tempera-

D. Population distribution among vibrational states

042505-5
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Temperature (K) hand, the Cs(6P,,,) atom decays almost solely through the
13 14 15 '1 '6. _ 17 18 radiative transition. The other decay processes such as
o5k X | Cs(62P,),) +He(11S,) — Cs* He(A 2I1,,,) can be neglected
+ because the emission from 'G4e afterD, excitation was
ost . not observed below 10 K. In the steady state where the cre-
_5 ation and decay rates are balanced, the predissociation rate
T 0.4} X AT ., P vNp1/2, Which is one of the creation rates, should be smaller
3 \ /¢>"\_ than the spontaneous emission rdi®pq, (that is, y
S o3} \ e 1 <TI'Np1//Np1/2), WhereNp,, andNyy 4, are the populations
® \, ./' of Cs(62P,,,) and C&He(A2%I1,,), respectively,y is the
£ 02 v/'wx,s“é . rate constant for the predissociation of*€&(A °I1,,,), and
© I' is the radiative transition rate coefficient of C
© . T, i iativ iti ici <68,

. M D S L (3.3x10" s71). The ratioNpy,2/Ny1s, is less than 0.27 and
5/:::x,;>2>*<EEM is almost conlstant above 1.6 K. This leads to the relagion
0.0 10 20 30 40 50 60 70 80 <9.0x10° s™1. This predlssoccl)%tlo_n1 rate constant is mL_Jch

He Density (1013 cm'3) smaller_ than the value of 3X10° s -, c_aICL_JIated theor_et|-

cally with the program.EVEL 7.4 [25]. This discrepancy im-
—a— AT, v=0 —v—AT,v=1 —— AT, v=2 plies that the real potential curve for the’Ily, state has a
—e— A, v=0 —+—6P,, —x—6%P, larger potential barrier and/or a lower=0 level than the
calculated results.
FIG. 9. He gas density dependence of the relative populations of

the vibrational states of @#le and the 6P states of Cgdots with E. Emission spectra of C¥He, in gaseous and liquid He
solid lineg. The cell temperature corresponding to the He gas den-
sity is shown as the upper abscissa.

The broad emission line at 10 045 cshown in Fig. 4
cannot be explained as fluorescence frorfikds As in cold

) ) He gas, we observed a similar broad line in liquid He
tures between 1.34 K and 1.83 K, in the caségfexcita-  hrough D, excitation (Fig. 5). In liquid He, the spectral

tion. We assumed that each best-fitted Gaussian @j(vg components of the fluorescence from*€& were not ob-
(i=1-6) corresponds to the strongest component of thgerved, so that we conclude that this broad line is due to
emission spectrum from a vibrational state of€e and to  gmission from CsHe,. This agrees well with the fact that
the CsD; andD, lines. We estimated_the relative populatipn the energy differences of this line from the atonlg and
of each state afg;(»)» °dv, assuming that the electronic p, |ines are approximately twice the differences from the
transition moment of CHe(A ?[1—X 2% is equal to that AZ1,, and A%ll,, Cs'He v=0 states, respectively. The
of Cs(6°P—6°9). _ _ _ formation of C& He, in liquid He was predicted by Dupont-
Figure 9 shows the obtained relative populations of thezc [12]. He pointed out that the valence electron of
vibrational states of Cde and the &P, and 62P5, states Cs(62P4,) has an applelike wave function and that two He
of Cs at temperatures between 1.3_4 K and 1.83 K. In thi;ioms at maximum can attach to the C&pg,,) atom. This
temperature range the He gas density changes by a factor gkp|anation agrees with our experimental result in liquid He.
about 7. At about 1.34 K, where the number density of Hej, He gas, the intensity of this broad line became maximum

. 9 73 . .
atoms Is atz)out ¥10¥cm °, D, excitation populates g temperatures 3—15 K, but the reason for this has not been
mainly theA ?I1,, state of C§He (~46%) and the 6Ps,  found yet.

state of Cs -52%), and even high vibrational levels of the
AZ2ll,, state are substantially populated. As the temperature
goes up, the He gas density increases and the fraction of the
population of C§He increases. Among several vibrational We have observed broadband emission spectra©HEs
states of CsHe, the populations of th&?I1,, v=0 and (n=1,2) exciplexes, by producing and exciting Cs atoms in
AZll;, v=0 states become dominant, because the vibracold He gas. We have assigned the spectra ned thes to
tional relaxation and the electronk?Il5,—A?Il,;, relax- be from C&He, by calculating spectra under the Franck-
ation become faster, mainly due to the increase in the numbéfondon approximation using potential curves including the
of collisions. The strong density dependence of the populaspin-orbit interactionD, excitation leads to strong broad-
tion distribution indicates that these relaxation times are oband emission from theA2Il,;, and A2Il,, states of
the same order of the radiative lifetime of "&¢e in this Cs*He, while D; excitation leads to very weak emission
density range (X 10°-8x10'° cm3). from the A2I1,,, state. This difference betwedd, andD,

This density dependence gives us further interesting inforexcitation in the intensity of the broadband emission is due
mation concerning the predissociation from tA&I1,,, v to the fact that the potential curve for tA€’I1,,, state has a
=0 state. The Cs(6P,;,) atom is created by three pro- potential barrier and no bound states except for a quasibound
cesses; the predissociation of*€e(A °Il,,) and the two state. We have also estimated the relative populations of the
collisional  relaxations Cs(8P5,)—Cs(6%P,,) and vibrational states of Cde at various temperatures below
Cs'He(A ?I15,) —Cs(6°P,),) + He(11S,). On the other 1.9 K, and have found that the vibrational awdIls,

V. CONCLUSION
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