
PHYSICAL REVIEW A MARCH 1999VOLUME 59, NUMBER 3
Radiative lifetimes and collisional deactivation cross sections of the 5d6p states
of laser-ablated Ba in He gas

Yukari Matsuo, Takashi Nakajima,* Tohru Kobayashi, and Michio Takami
The Institute of Physical and Chemical Research (RIKEN), 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

~Received 5 June 1998!

We have measured radiative lifetimes and collisional deactivation cross sections of the 5d6p excited states
of Ba atoms in He buffer gas. Barium atoms are produced by laser ablation of a solid Ba sample, whereby
populating the 6s5d 3DJ metastable states about 0.1– 1% of the total population. The 5d6p 1,3Po, 1,3Do, and
1,3F° states, most of which are not accessible from the ground state by single-photon transition, are excited
from the metastable states by a laser, and radiative lifetimes as well as collisional deactivation cross sections
are determined from the decay rates of the laser-induced fluorescence. Radiative lifetimes of the
5d6p 3PJ

o , 3DJ
o , and3FJ

o states do not depend onJ, indicating the validity ofLScoupling scheme. Collisional
deactivation cross sections by He are in the range of 5 –20 Å2 for the 5d6p 3DJ

o , 1D2
o , and 3F3,4

o states,
whereas those for the 5d6p 3PJ

o , 1P1
o , 3F2

o , and 1F3
o states are less than 1.5 Å2 in the He pressure range of

60–400 Pa. Among 5d6p manifolds, the 5d2 3P2 state is populated by the collisional deactivation from the
laser-excited 5d6p 3D1

o state, leading to the sensitized fluorescence from 5d2 3P2 . Radiative lifetime and
collisional deactivation cross section of the 5d2 3P2 state are also determined from the decay rates of the
sensitized fluorescence.@S1050-2947~99!09403-2#

PACS number~s!: 34.50.2s, 33.50.2j, 32.70.Cs
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I. INTRODUCTION

Radiative lifetimes and collisional deactivation cross s
tions of atomic excited states are fundamental quantities
correlated to atomic structures and interaction potenti
Measurement of radiative lifetimes and branching ratios
very important, since it leads to the precise determination
transition probabilities.

Study of the transition probabilities of Ba has a long h
tory @1#. Oscillator strengths and radiative lifetimes of pri
cipal series@2–4# and Rydberg series@5,6# have been re-
ported. Although the transition probabilities of th
moderately excited states (&30 000 cm21) of Ba have been
extensively studied in discharge cells@7–11#, direct lifetime
measurements of the excited states, which lack signific
oscillator strengths from the ground state, are limited to f
cases. In order to measure the lifetimes of such exc
states, two methods have been employed so far. One
excite atoms from metastable states produced by elec
bombardment or discharge@12,13#, and the other is to popu
late excited states collisionally from the states initia
pumped by a laser@14#. For the collisional population trans
fer of Ba, collisions with rare gas atoms have been studie
the past decade. Such studies are mainly focused on
states below 6s6p 1P1

o @15–22#, except the one on popula
tion transfer among Rydberg states@23#.

One of the limitations to investigate atomic excited sta
arises from the fact that there are relatively few exci
states, which are accessible by single-photon excitation f
the ground state. Even for moderately excited states suc
the 5d6p states of Ba, the majority of the states cannot

*Present address: Institute of Advanced Energy, Kyoto Univ
sity, Uji, Kyoto 611-0011, Japan.
PRA 591050-2947/99/59~3!/2071~7!/$15.00
-
nd
s.
s
f

-

nt

d
to

on

in
he

s
d
m
as
e

reached from the ground state because the transitions to t
states are electric dipole-forbidden. Thus, the use of m
stable states instead of the ground state should be helpf
increase the number of accessible states. For example, a
5d6p states of Ba can be easily excited if the 6s5d 3DJ
metastable states are produced since the excitation proce
essentially a single-electron transition 6p←6s ~see Fig. 1!.
Recently, we have used the laser-ablation technique to
duce atoms and molecules of neutral and ionic species@24–
28# for the study of collision and reaction dynamics of pr
duced atoms and molecules. Right after the ablation, la
induced plasma contains highly excited atoms and io

r-

FIG. 1. Relevant energy-level diagram of Ba belo
30 000 cm21. States from which fluorescence is observed are
picted with thick solid lines. Solid arrows represent optical exci
tion from the 6s5d 3DJ metastable states and broken arrows fro
the 6s2 3S0 ground state. The dotted arrow represents collisio
population transfer process observed in this paper. For all fine st
tures,J increases from a lower to a higher level. Wavelengths of
excited transitions are shown in nm.
2071 ©1999 The American Physical Society
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During the thermalization process in buffer gas, atoms
populated in metastable states. This indicates the feasib
of applying a laser-ablation technique for the creation
translationally thermalized metastable atoms.

One important advantage of producing atoms by laser
lation is that the temperature of atoms can be controlled
changing the buffer-gas temperature, because translat
temperature of ablated atoms is thermarized by collisi
with buffer gas within several tens ofms @26#. Thus the
collisional process can be studied in a wide range of te
perature, in particular at low temperature;10 K @28#. We
note that the Ba 6s5d metastable states can also be pop
lated by optical pumping through the 6s6p 3P1

o state. Popu-
lation transfer and pressure broadening among the 6s5d
metastable states have been studied by this method@19–22#.
However, the temperature is limited to be high~700–1100
K! because a heat pipe oven has been used to vaporiz
atoms. Even higher temperature would be required to va
ize refractory metals using ovens.

In this paper, we report the measurement of radiative l
times and collisional deactivation cross sections of
Ba 5d6p doubly excited states in He gas at room tempe
ture through laser-induced fluorescence~LIF!, pumpedfrom
the 6s5d metastable stateswhich are produced by laser ab
lation. In addition, we have found that the 5d2 3P2 state,
which is not directly excited by a laser, is populated by c
lisional deactivation process from the laser-excit
5d6p 3D1

o state, and observed sensitized fluorescence f
5d2 3P2 ~see Fig. 1!. This method also serves as a power
tool to study radiative and collisional decay of the states t
cannot be reached from the ground state by single-pho
excitation@23#.

II. EXPERIMENT

The experimental setup shown in Fig. 2 is similar to t
one used in our previous work on collisional depolarizat
@27#. A solid Ba sample is placed 1 cm off the center of
vacuum chamber whose background pressure is mainta
at about 131025 Pa by two turbo molecular pumps in s
ries. During the measurement of collisional deactivation p

FIG. 2. An experimental setup for the LIF study of laser-abla
atoms. Second monochromator and photomultiplier tube~PMT! are
used for simultaneous observation of LIF and sensitized fluo
cence.
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cesses, 60–400 Pa of He gas~research grade, 99.9999%! is
introduced into the chamber through a variable leak val
Helium pressure is monitored by a capacitance manom
~MKS Baratron 626A! with an accuracy of 10 Pa. Lase
ablation is performed with a fundamental frequency out
of a Nd:YAG laser~Lumonics Mini-Q, 1.06mm, 8 ns pulse
duration, 10 Hz! that irradiates the Ba sample with norm
incidence to the sample surface and produces laser-abla
plasma containing vaporized atoms and ions. The ou
power of 20 mJ/pulse is moderately focused onto the sam
with a 1-m focal length lens, which is placed at 0.5 m ap
from the sample, leading to the energy density of;1
3108 W cm22, which produces typically 1012 atoms per
pulse. The delay time between the ablation and LIF exc
tion laser pulses is set to 50ms in vacuum condition and
500ms when He buffer gas is introduced. Since the ablat
plasma emission lasts only for 20–30ms in vacuum and for
40–50ms in He buffer gas, the LIF detection is not influ
enced by the emission from plasma plume. The numbe
atoms in the detection region decreases to about 1/50 o
initial value 500 ms after the ablation. The output of
pulsed dye laser~Lambda Physik FL3002, 15-ns pulse dur
tion! pumped by a XeCl excimer laser~Lambda Physik
MSC103! is introduced into the vacuum chamber for th
excitation of 6s5d 3DJ metastable Ba atoms to the 5d6p
excited states~see Fig. 1!. Fractional population of the
6s5d 3DJ metastable states is approximately 0.1–1% of
total population, which is estimated from the relative inte
sity of LIF signals originated from the ground and metasta
states in He buffer gas together with the excitation laser
tensities and the relevant oscillator strengths. Since the
of buffer gas cooling process in vacuum condition leads
smaller population of the metastable states~;0.01%! in the
detection region, shorter delay time is chosen for the m
surement in vacuum to maintain sufficient signal-to-noise
tio. Polarization of the excitation laser beam is fixed with
Glan-Thompson prism and the output power is attenuate
20–30 nJ per pulse by neutral-density filters in order to av
saturation of transitions, which would distort the time profi
of the LIF signal. A polarizer is set to the magic angle a
placed in front of the monochromator to compensate po
ization effect. The LIF signal is detected by a photomu
plier tube ~Hamamatsu-Photonics R955! through a 0.25 m
monochromator~JASCO CT25!. Time-resolved fluorescenc
signals are amplified by a fast preamplifier and sent to
digital oscilloscope~Tektronix TDS 520A! with a 200 ps
time resolution. The signals are averaged over 2000 s
and stored in a computer for further data processing. For
observation of sensitized fluorescence, another set of op
detection system with a monochromator, a photo-multip
tube ~Hamamatsu-Photonics R636-10!, a fast preamplifier,
and optics are used for the simultaneous observation of
LIF signal from the state initially excited by the dye las
and the sensitized fluorescence signal from collisiona
populated states.

III. DATA ANALYSIS

In order to obtain the radiative lifetimes and collision
deactivation cross sections from LIF and sensitized fluor
cence, we employ a set of rate equations based on a kin

d
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PRA 59 2073RADIATIVE LIFETIMES AND COLLISIONAL . . .
model. A simplified energy level diagram is shown in Fig.
Atoms in the lower statel are excited by a pump laser to th
upper stateu with a pumping rateV(t); then the upper state
is depopulated either radiatively to the lower states or co
sionally to the nearby statesi. Note that what can be dete
mined from the experiment is not a radiative or collision
decay rate but rather the total decay rate of both proces
Rate equations for the populations of the upper and the lo
statesNu andNl are given as

Ṅl52V~ t !~Nl2Nu!1RGu
radNu2G l Nl , ~1!

Ṅu5V~ t !~Nl2Nu!2S Gu
rad1(

iÞu
kuiM DNu1(

iÞu
kiuMNi ,

~2!

where Gu
rad is the radiative decay rate ofu and kui is the

collisional population transfer rate constant fromu to i under
buffer-gas densityM. The back-transfer rate constant fromi
to u is denoted askiu and the population of thei th state as
Ni . In our experimental scheme,l represents either th
ground state or one of the 6s5d metastable states, whereasu
represents one of the 5d6p excited states. In Eq.~1!, R rep-
resents a fraction of the effective repopulation due to
radiative decay of the upper state. In reality,R does not af-
fect the time profile of the LIF signal in the weak pumpin
regime. For the 6s5d metastable state, the lower statel de-
populates with the rateG l due to radiative decay and coll
sional deactivation. It has turned out, however, that th
processes are very slow@22,29# in our experimental condi-
tion so thatG l is ignored in the analysis. Depopulation pr
cesses due to collisions with impurities are not taken i
account in this analysis because collisions with He are c
sidered to dominate the total depopulation processes. Th
based on the following consideration: the impurities a
mostly nitrogen molecules. Collisional cross sections w
N2 for the states of Ba studied in the present paper are
available in literature. Cross sections of Ba1 metastable
states with N2 are reported to be two orders of magnitu
larger than those with He@30#. If this relation still holds for
the present system, N2 impurity of 0.0001% will result in
additional 0.01% of the cross sections with He. Note that
number may be an overestimation since the effect of
impurities are usually smaller for Ba than for Ba1. The last
term of Eq.~2! corresponds to the secondary collision pr
cesses, which can be neglected for low buffer-gas den

FIG. 3. Relevant energy levels described in Eqs.~1!–~5!.
.

i-

l
es.
er

e

e

o
n-
is

e
h
ot

is
e

-
y,

because the radiative decay from the statei occurs before the
collisional population transfer takes place from the sa
state@23#. Collisional deactivation rate of the stateu can be
defined as

Gu
coll5(

iÞu
kuiM , ~3!

which is the sum over the outgoing transfer rates.
The populationNi for the statei, populated by collisional

transfer from the laser-excited stateu, is described by

Ṅi5kuiM Nu2S G i
rad1(

j Þ i
ki j M DNi1(

j Þ i
kj i M Nj , ~4!

whereG i
rad is a radiative decay rate fromi , ki j andkji are

the collisional population transfer rate constants fromi to j
and vice versa, andNj is the population of thej th state. The
last term of Eq.~4!, which describes the secondary collisio
processes, is also neglected for low buffer-gas density. C
lisional deactivation rate of the statei can be defined as

G i
coll5(

j Þ i
ki j M . ~5!

Once the pumping functionV(t) and all the decay rate
G ’s are given, the time evolution of the LIF~for the laser-
excited stateu) and sensitized fluorescence~for the collision-
ally populated statei ) can be calculated from Eqs.~1!–~5!.
Now, we determine the pumping functionV(t) by fitting
scattered light of the dye laser to a combination of Gauss
functions, which represents the convolution of the tempo
laser-pulse profile and an instrumental function. Then,
calculate the time evolution of the fluorescence signa
which is virtually the convolution of the pumping functio
and exponential decay, and fit the time profiles of the L
and the sensitized fluorescence with adjustable parame
Gu(5Gu

rad1Gu
coll) for u and G i(5G i

rad1G i
coll) for i. After

going through iteration loops of least-squares fitting, the
population ratesGu and G i are determined. Note that eac
state-to-state transfer rate constantkui cannot be determined
from the time profile of the fluorescence signal when th
are more than one collisional decay channels. In other wo
time profile of the sensitized fluorescence is characteri
only by the total depopulation ratesGu andG i @14#.

IV. RESULTS AND DISCUSSION

Representative time profiles of LIF from Ba 5d6p ex-
cited states and fitted curves are depicted in Fig. 4. In
previous work on Ba-He system@27#, the 3D1

o state has
shown relatively fast collisional deactivation among t
5d6p J51 states, i.e.,1P1

o , 3P1
o , and 3D1

o . One of the
states collisionally populated from 5d6p 3D1

o is found to be
the 5d2 3P2 state, from which sensitized fluorescence is o
served at 886 nm. In Fig. 5, we show examples of exp
mental data and fitted curves for the sensitized fluoresce
together with LIF from the laser-excited 5d6p 3D1

o state. The
total depopulation ratesGu and G i are obtained by the pro
cedure described in Sec. III. The fact that the decay profi
of LIF and sensitized fluorescence signals are well descri
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2074 PRA 59MATSUO, NAKAJIMA, KOBAYASHI, AND TAKAMI
by a single decay rate indicates that our approximati
which neglects secondary collision processes and radia
trapping effect, is valid. Lifetime measurements by tim
resolved fluorescence inherently suffer from radiation tr
ping. The density of ablated atoms is difficult to estima
since it varies in time and space after the ablation. In orde
check the effect of radiation trapping, we have carried
lifetime measurements of the 6s6p 1P1

o state excited from
the 6s2 1S0 ground state~553 nm! at different delay times, or
equivalently at different density of atoms. This transition li
is considered to give the most serious radiation trapping
fect due to short radiative lifetime~8.37 ns@2#! and nearly
closed transition cycle between the ground and the exc
states. We have found that lifetimes measured after the d

FIG. 4. Experimental time profiles of the LIF signal and fitte
curves for the 5d6p 3F4

o state with and without He gas.

FIG. 5. Experimental time profiles of the sensitized fluoresce
signal from the 5d2 3P2 state with He gas at 130 and 260 Pa. T
LIF signal from the laser-excited 5d6p 3D1

o state is also shown
Relative intensities are not to scale. Solid lines are fitted curve
,
on
-
-

to
t

f-

d
ay

time longer than 400ms agree with reported values withi
1% in our experimental condition. For the emission lines
the metastable states, radiation trapping effect is even
than those to the ground state, because number densiti
the metastable atoms are less than 1% of the density of
ground-state atoms.

Pressure dependence of the total depopulation rates o
5d6p states is shown in Fig. 6. The slope and the interc
with vertical axis correspond to the deactivation rate cons
and the radiative decay rate, respectively. Despite a la
difference of the delay times between ablation and LIF las
for the measurements in vacuum and He buffer gas, the m
sured radiative decay rates in vacuum agree within 1% w
those obtained by extrapolating the data in He buffer-
condition. Since the detection region is about 1 cm from
Ba sample surface, the atoms excited with 50 and 500ms
delay times are estimated to have a mean diffusion spee
200 and 20 m s21, respectively, along the direction of th
surface normal if they come directly from the sample surfa
to the region. These values are, however, comparable to
well below 250 m s21, the thermal velocity of Ba at room
temperature, and therefore Ba atoms are safely considere
have been thermalized at the region. Because of the l
lifetimes of the 6s5d 3DJ metastable states (;60 s) @29#
and efficient cooling by He buffer gas, a sufficient number
metastable atoms are present even 500ms after the ablation.
On the other hand, 100ms after the ablation in a vacuum
metastable atoms are not found in the detection region du
nearly collision-free expansion of ablated atoms after
plasma plume disappers. Therefore, we set the delay tim
50 ms in a vacuum experiment, as mentioned in Sec. II,
maintain reasonable LIF signal-to-noise ratio. Good agr
ment between radiative decay rates measured in a vac
and the decay rates determined from experiments in
buffer gas indicates that a relatively high translational te
perature of Ba atoms in a vacuum experiment does not
grade the reliability of measured radiative decay rates. Fig
6 also shows pressure dependence of the total depopul
rates of the collisionally populated 5d2 3P2 state. No cascade
emission from the 5d2 3P2 state is observed in a vacuum
The radiative decay rate is determined by extrapolating
data of sensitized fluorescence versus He buffer-gas pres

The radiative decay rates are easily converted into ra

e

FIG. 6. Total depopulation rates of the 5d6p 3FJ
o and 5d2 3P2

states as a function of He pressure.
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TABLE I. Ba~I! radiative lifetimes and collisional deactivation cross sections with He at 295 K.

Radiative lifetime~ns! Deactivation
cross section (Å2)

Lifetime Emission
Ba state This papera measurement intensity This papera

5d6p 1P1
o 12.460.9 12.460.9b ,1

5d6p 3P0
o 12.160.5 ,1

5d6p 3P1
o 12.060.7 11.760.9b ,1

5d6p 3P2
o 12.460.7 1362 e ,1

5d6p 1D2
o 25.860.8 3265 f 16.961.0

5d6p 3D1
o 17.660.9 17.060.5b 12.360.5

5d6p 3D2
o 17.560.6 1863 f 5.460.4

5d6p 3D3
o 17.360.6 10.261.5c 4.960.7

5d6p 1F3
o 45.062.3 44.561.8d 1.260.4

5d6p 3F2
o 32.360.8 3466 f 1.360.5

5d6p 3F3
o 30.861.2 3065 f 6.060.9

5d6p 3F4
o 27.960.7 10.060.9

5d2 3P2 207627 18.461.1

aEstimated errors are two standard deviations.
bReference@3#.
cReference@13#.
dReference@12#.
eReference@9#.
fReference@8#.
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tive lifetimes. As for the collisional deactivation rates, th
are converted to the velocity-averaged cross sections by
ing the relation

scoll5
Gcoll

v̄M
, ~6!

where v̄ is the average Ba-He relative velocity given byv̄
5A8kBT/pm with the Boltzmann constantkB and the re-
duced mass of the Ba-He system given bym. Obtained ra-
diative lifetimes and deactivation cross sections in He ga
295 K are summarized in Table I. The values obtained
radiative lifetime measurements~Hanle effect@2,3,13# and
delayed coincidence method@12#! and those calculated from
relative emission intensity using Ladenburg method@8,9,31#
are also listed in Table I for comparison. It can be seen
our results of the lifetime measurement agree reason
well with previously reported values. Note that the lifetim
of the most ofJÞ1 states, namely, the states that cannot
reached from the ground state by electric dipole-allow
transitions, have not been directly measured so far. Ni
and Huber have given lifetimes of these states by measu
the relative emission intensity of two lines that share co
mon lower state but have different upper states, one of wh
has a known lifetime while the other does not@8,9#. These
calculated lifetimes appear to be in good agreement with
results within estimated errors although their uncertai
range is large. The large uncertainty in their values is pa
caused by the ambiguity of more than one possible comm
lower states, which sometimes give scattered results.
measured radiative lifetimes show strong dependence on
bital angular momentumL and spin multiplicity 2S11, but
s-
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not on total angular momentumJ. This result indicates the
validity of LS coupling for the 5d6p states.

The determined collisional deactivation cross sectio
show more complicated dependence onL, S, and J. Very
small cross sections are obtained for the 5d6p 1P1

o , 3PJ
o ,

1F3
o , and 3F2

o states while the 5d6p 1D2
o , 3F3,4

o , and
5d2 3P2 states give cross sections of the order of 10 Å2.
In our pressure range of He buffer gas, where the secon
collision is negligible, a deactivation cross section belo
1 Å2 cannot be measured with reasonable accuracy. N
rally, collisional population transfer processes can be in
preted by atom-atom potential curves and energy differen
between transferring states. Unfortunately, no poten
curves are available for the Ba(5d6p)-He system except for
the lowest 5d6p 3F2

o state@32#, so that we cannot discuss th
state-specific collisional processes. Thus we speculate
propensity of the population transfer by comparing t
present result with previously reported results for Ba-rare
systems. First, our experimental results suggest that intr
ultiplet mixing ~fine-structure mixing! is small for the
5d6p 3PJ

o states. This is in agreement with the general tre
of weaker fine-structure mixing in 6s6p 3PJ

o and 6s5d 3DJ

than intermultiplet mixing@16,22#. In our experiment, both
5d6p 1P1

o and 5d6p 3PJ
o states give very small collisiona

deactivation cross sections. This implies that t
Ba(5d6p)-He potential curves, which are asymptotical
correlated to1P1

o and 3PJ
o , respectively, do not have effec

tive crossings. This is different from the cases for 6s6p and
6s5d, where singlet-triplet mixing of 6s6p 1P1

o–3P2
o and

6s5d 1D2–3D3 have been observed@16,22#. A small deacti-
vation cross section for 5d6p 1F3

o may suggest the absenc
of effective potential crossing with nearby levels. Seco
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upper two states of 5d6p 3DJ
o give similar deactivation cros

sections, which indicates nearly identical collisional pr
cesses for the two states. Although we are not yet abl
make a definitive statement only from the deactivation cr
sections, our preliminary result on the state-to-state cr
sections among 5d6p 3DJ

o suggests that fine-structure mix
ing is dominated by intermultiplet mixing~with 5d6p 3FJ

o)
and mixing with different electron configuration (5d2 3PJ)
@33#. The 5d6p 3DJ

o states seem to follow the general pr
pensity rule that fine-structure mixing is relatively small. F
nally, large deactivation cross sections are obtained for
5d6p 3F3,4

o and 1D2
o states. Since the energy levels arou

5d6p 3FJ
o are congested, it is difficult to conclude wheth

these large deactivation cross sections arise from fi
structure mixing among3FJ

o or level crossing with other
multiplets and electronic configurations. Nevertheless, h
state density in the 22 000–24 000 cm21 region is consid-
ered to be the origin of the fast deactivation of those sta
according to the general propensity rule. For the 5d6p 3F2

o

state, couplings with the 5d2 3F3 and 6s6p 1P1 states are
expected from the theoretical potential curves@32#. A rela-
tively small deactivation cross section of the 5d6p 3F2

o state
suggests that these couplings are not as strong as those
5d6p 3F3,4

o and 1D2
o states.

For the 5d2 3P2 state, slow radiative decay is observ
compared with the nearby 5d6p states while collisional de
cay appears as fast as that of the congested 5d6p states
around3FJ

o . Unfortunately, we could not observe sensitiz
fluorescence from the other 5d2 states because the photomu
tiplier tube used in the experiment does not have sensiti
in the longer wavelength region~.900 nm!.

For a more detailed discussion of a collision-induced tr
sition of Ba in doubly excited states, we need to wait for t
development of a theoretical study of the Ba(5d6p)-He and
Ba(5d2)-He systems as well as experimental investigation
state-to-state cross sections. Further analysis of ti
resolved sensitized fluorescence signals for the 5d6p and
nearby states is now in progress@33#.
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V. CONCLUSIONS

We have developed a technique to produce Ba atom
the 6s5d 3DJ metastable states by laser ablation of a so
Ba sample in vacuum and He buffer gas at room tempe
ture, and measured radiative lifetimes and collisional dea
vation cross sections of the 5d6p states. Barium atoms in th
6s5d 3DJ metastable states are excited to the 5d6p states by
a pulsed dye laser. Radiative lifetimes and collisional de
tivation cross sections with He gas are obtained for the up
states by analyzing the time profiles of LIF. Radiative lif
times of the 5d6p 3PJ

o , 3DJ
o , and 3FJ

o states do not show
clear J-dependence, suggesting the validity of LS couplin
Collisional deactivation with He is relatively fast for th
5d6p 3DJ

o , 1D2
o , 3F3,4

o states, whereas deactivation of th
5d6p 3PJ

o , 1P1
o , 3F2

o , and 1F3
o states is much slower in th

He pressure range of 60–400 Pa. It is considered that c
sional fine-structure mixing is small for the 5d6p states
compared with intermultiplet mixing. When Ba atoms a
excited to the 5d6p 3D1

o state, we have observed sensitiz
fluorescence from the 5d2 3P2 state, which is collisionally
populated from the laser-excited state. Radiative lifetime a
collisional deactivation cross section are determined for
5d2 3P2 state from the pressure dependence of decay rate
the sensitized fluorescence. Radiative lifetime of the 5d2 3P2

state is long compared with nearby 5d6p states, while deac-
tivation cross section is comparable to those of the conge
5d6p states around3FJ

o .
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