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Orientation observed by Zeeman spectra of dissociated atoms and the interference
in photoexcitations
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In a magnetic field, the wave number of a pump laser light polarized along the field was fixed to the isolated
Cs2D 1Su

1(v546, J554)←X 1Sg
1(v50, J555) line, and the excitation spectrum of the dissociated

Cs(6p 2P3/2) atoms was measured by scanning the wave number of a probe laser light polarized perpendicular
to the field. The population of each sublevel 6p 2P3/2,mj

of the dissociated atoms was determined from the line
intensities in themj -resolved excitation spectrum. The unequal population between the 6p 2P3/2,1umj u

and
6p 2P3/2,2umj u

levels~atomic orientation! was observed and it was enhanced as the magnetic-field strength was
increased. The atomic orientation is shown to be induced by the interference between the indirect predissocia-
tion, which occurs by a combination of the spin-orbit coupling of theD 1Su

1 state with the (2)3P0u state and
the L-uncoupling and Zeeman interactions between the (2)3P0u and dissociative (2)3Su

1 states, and the
dissociation following a direct excitation to the (2)3Su

1 state, which is allowed by spin-orbit coupling of the
(2)3Su

1 state with theB 1Pu state. It is demonstrated that the atomic orientation is produced by the photodis-
sociation in the presence of an external magnetic field even when all degenerated molecularM
5J, . . . ,0, . . . ,2J sublevels are excited by a light polarized linearly along the field.

DOI: 10.1103/PhysRevA.67.062717 PACS number~s!: 33.80.Gj, 33.55.Be, 42.25.Hz
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I. INTRODUCTION

Population distribution among the magnetic sublevels
the photodissociated fragments is determined by the dyn
ics in the dissociation@1,2#. The allowed population distribu
tion is limited by the symmetry of the system, which consi
of parent molecules, exciting light, and sometimes exter
field. For example, when atoms or molecules are excited
a linearly polarized light, these can be aligned~described by
even multipole!, and when excited by a circularly polarize
light, these can be oriented~described by odd multipole!
@3–5#. Dixon @6# presented a general theory by semiclass
treatment about the multipole moments of the angular m
mentum, which are carried by the photodissociated fr
ments. Siebbeleset al. @7# presented a full quantum
mechanical treatment. A number of experimental works h
been reported, but they were limited in the case where
angular momentum was carried by dissociated molecule
their nuclear rotations@8–10#, or by dissociated atoms as th
alignment of their electronic angular momentum@11,12#.

TheD 1Su
1 state of the Cs2 molecule was found to disso

ciate selectively to the separated atoms Cs(6p 2P3/2)
1Cs(6s 2S1/2), and the line broadening and the vibration
level shift were observed in some of the molecular transit
lines @13–17#. The potential energy curves@15,18–20# of the
lower excited states of Cs2 are shown in Fig. 1. Matsubar
et al. @21# excited Cs2 molecules to theD 1Su

1(v546,
J554) level in the magnetic field~the strength H
50.191 T) by the laser light linearly polarized parallel to t
field, wherev is the vibrational quantum number andJ is the
quantum number associated with the total angular mom
tum J of a molecule excluding nuclear spin. The populati
1050-2947/2003/67~6!/062717~7!/$20.00 67 0627
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of the magnetic sublevels 6p 2P3/2,mj
of dissociated atoms

was determined frommj -resolved excitation spectrum of th
8s 2S1/2,m

j8
←6p 2P3/2,mj

transitions, wheremj is the quantum

number associated with the projection to the direction
magnetic field~space-fixedZ axis! of the total angular mo-
mentumj ~the quantum number isj ) of an atom excluding
nuclear spin. An anisotropic population of the sublev
6p 2P3/2,mj

of the dissociated atoms was found, but the

sults could not be explained by assuming that the atoms w
produced by the predissociation of the Cs2D 1Su

1(v546,
J554) molecule through the dissociative (2)3Su

1 state.
In the present work, the same lineD 1Su

1(v546,
J554)←X 1Sg

1(v50, J555) was excited under the mag
netic field, and themj -resolved excitation spectra of th
dissociated Cs(6p 2P3/2,mj

) atoms were measured b

exciting to the 6d 2D3/2,m
j8

level instead of excitation to the

8s 2S1/2,m
j8

level, because the hyperfine splitting of th

6d 2D3/2←6p 2P3/2 transition is smaller than that of th
8s 2S1/2←6p 2P3/2 transition and therefore the line intensi
can be evaluated more accurately. From the intensities of
mj -resolved spectral lines, the populations of the sublev
6p 2P3/2,mj

of the dissociated atoms were determined.

measuring the dependence of the population onH, the role of
a magnetic field to the dissociation was studied. It has b
shown recently that the optical transition (2)3Su

1←X 1Sg
1 is

allowed by the spin-orbit coupling of the (2)3Su
1 state with

the B 1Pu state@22#. By taking into account this fact, the
probability of producing Cs(6p 2P3/2,mj

) atoms was studied

and the problem in the preceding paper was solved.
©2003 The American Physical Society17-1
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II. EXPERIMENT

The experimental apparatus was almost the same as in
previous report@21#, but it was improved to reduce the sel
absorption and to remove the saturation in optical transitio
The optical arrangement is shown in Fig. 2. A magnetic fi
was applied by an electric magnet with a pair of pole pie
inserted in a vacuum chamber (;1026 Torr). In the cham-
ber, cesium metal was kept in an oven and heated to 60
The cesium vapor was spouted through an orifice (300mm
diam!, and it was collimated by a conical skimmer (770mm
diam! placed 20-mm downstream from the orifice. The m
lecular beam was crossed at right angles to the magnetic
at 55-mm downstream from the skimmer.

A pump light of a single-mode tunable dye laser~Coher-
ent 699-29, R6G dye! was crossed at right angles to both t
magnetic field and the molecular beam. The pump light w
linearly polarized parallel to the magnetic field (p pump!,
and the wave number was fixed to the Cs2D 1Su

1(v546,
J554)←X 1Sg

1(v50, J555) line. The resultant emissio
was collected by a lens~7 mm diam,f 520 mm) placed in
the plane composed of the molecular beam and the l
light, and was passed through an interference filter@l0

FIG. 1. Potential energy curves of Cs2. Rydberg-Klein-Rees
~RKR! potential curves of theX 1Sg

1 from Ref. @15#, B 1Pu from
Ref. @18#, (2)3Pu , andD 1Su

1 states from Ref.@19# are shown by
solid curves. The curves obtained in Ref.@20# by ab initio molecu-
lar orbital calculations without including spin-orbit interaction a
shown by broken curves.
06271
ur

s.
d
s

K.

-
ld

s

er

5853.0 nm, full width at half maximum (FWHM)
59.0 nm, this passes the Cs 6p 2P3/2→6s 2S1/2 emission#,
and was focused to a cooled photomultiplier tube~RCA
C31034!.

A probe light of a single-mode tunable Ti:sapphire las
~Coherent 899-29! was propagated antiparallel to the pum
light. The probe light was linearly polarized perpendicular
the magnetic field (s probe!, and the wave number wa
scanned around the 6d 2D3/2,m

j8
←6p 2P3/2,mj

transitions. The

resultant emission was measured through another set
lens, an interference filter (l05878.9 nm, FWHM
514.8 nm, this passes the 6d 2D3/2→6p 2P1/2 emission!,
and a cooled photomultiplier tube~Hamamatsu R943-02!.
The photon counts of the 6d 2D3/2→6p 2P1/2 emission were
measured as a function of the wave number of the pr
light. The photon counts of the 6p 2P3/2→6s 2S1/2 emission
and the output power of the probe laser were also recor
simultaneously, and these were used to normalize the ex
tion spectrum of the 6d 2D3/2←6p 2P3/2 transition against
the fluctuation of both the output power of lasers and
density of the molecular beam.

III. RESULTS AND ANALYSIS

The observed excitation spectrum of the Cs(6d 2D3/2)
←Cs(6p 2P3/2) transition of the dissociated atoms atH
50.38 T is shown in Fig. 3~a!. The nuclear spin of133Cs
atom is 7/2. The hyperfine constantsA of the 6d 2D3/2 and
6p 2P3/2 levels are reported to be 16.30 and 50.34 MH
respectively@23#. Nonvanishing matrix elements of the hy
perfine interactionHhfs and the Zeeman interactionHZe for
the basis functions ofu6p 2P3/2FmF& andu6d 2D3/2FmF& are
given in Ref.@21#, whereF is the quantum number assoc
ated with the total angular momentumF5 j1I including the
nuclear spinI andmF is its projection along theZ axis. The
eigenvalues and eigenfunctions of the HamiltonianHhfs

FIG. 2. Optical arrangement to measure themj -resolved excita-
tion spectrum of dissociated atoms Cs(6p 2P3/2). Pole pieces of an
electric magnet are indicated by S and N. Symbol L is a lens, F
interference filter, and PMT a photomultiplier tube. Two set of the
are in the plane composed of the molecular beam and the laser
7-2
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ORIENTATION OBSERVED BY ZEEMAN SPECTRA OF . . . PHYSICAL REVIEW A 67, 062717 ~2003!
1HZe at H50.38 T were calculated on these basis functio
for 6p 2P3/2 and 6d 2D3/2 levels. The energies of allowe
transitions ins probe and their line intensities in the excit
tion spectrum, where the equal population on every hyper
sublevels of the 6p 2P3/2 level is assumed, were calculate
and the results are shown in Fig. 3~b!. The Zeeman splitting
at H50.38 T is much larger than the hyperfine splittin
~Paschen-Back region for hyperfine splitting!, and the lines
of the 6d 2D3/2←6p 2P3/2 transition ins probe are grouped
to six transitions classified byj, mj : 2D3/2,1/2←2P3/2,3/2,
2D3/2,21/2←2P3/2,1/2,

2D3/2,23/2←2P3/2,21/2, 2D3/2,3/2
←2P3/2,1/2,

2D3/2,1/2←2P3/2,21/2, and 2D3/2,21/2←2P3/2,23/2
transitions from low to high transition energies. The ra
of the transition probabilities between the grouped six tr
sitions was coincident with the ratio 3:4:3:3:4:3, which w
the ratio in the absence of hyperfine interaction@24#. Here-
after, we shall neglect the hyperfine interaction. The allow
transitions ins probe are shown by vertical arrows in Fi
3~c!.

The 2D3/2,m
j8
→2P1/2,m

j9
emission is allowed formj82mj9

FIG. 3. ~a! Observedmj -resolved excitation spectrum of th
Cs(6d 2D3/2,m

j8
)←Cs(6p 2P3/2,mj

) transition at H50.38 T in s

probe. Themj of the 6p 2P3/2,mj
level is shown above the spectr

line. ~b! Calculated relative strengths and energies of the 6d 2D3/2

←6p 2P3/2 transitions atH50.38 T excited bys probe and de-
tected atu590° by the 6d 2D3/2→6p 2P1/2 emission, where statis
tical population in the hyperfine sublevels of the Cs(6p 2P3/2) at-
oms is assumed. Each of the 6d 2D3/2,m

j8
and 6p 2P3/2,mj

sublevels

split into eight levels by the hyperfine interaction. Ea
6d 2D3/2,mj 61←6p 2P3/2,mj

transition consists of eight hyperfin
components.~c! Allowed transitions ins probe are shown by ver
tical arrows.
06271
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50 and61, and the relative intensities in direction of ob
servation defined by polar angleu from Z axis are given by
@24,25# sin2u@(3/2)22mj8

2# and (11cos2u)(1/26mj8)(1/2
6mj811)/4 for the 2D3/2,m

j8
→2P1/2,m

j8
and 2D3/2,m

j8

→2P1/2,m
j871 transitions, respectively. The intensities of th

2D3/2,m
j8
←2P3/2,mj

transitions by exciting withs probe and

detecting the fluorescence intensity of the2D3/2→2P1/2
emission at an angleu are given by I 13/25I 0s13/23(5
23 cos2u), I 11/25I 0s11/24(523 cos2u), I 21/28 5I 0s21/29(1
1cos2u), I 11/28 5I 0s11/29(11cos2u), I 21/25I 0s21/24(5
23 cos2u), and I 23/25I 0s23/23(523 cos2u) for the transi-
tions shown in Fig. 3~c! from low to high transition energies
respectively, wheresmj

is the population of the subleve

6p 2P3/2,mj
and I 0 is a common factor. Note that theu de-

pendent parts are identical among fourI mj
. Even though the

6d 2D3/2→6p 2P1/2 emission was collected by a lens, th
populationsmj

of the four sublevels 6p 2P3/2,mj
of the dis-

sociated atoms can be determined from theI mj
without de-

pending on the solid angle for the detection of the emissi

smj
5

I mj
/cmj

(
mj

~ I mj
/cmj

!

, ~1!

wherecmj
is 3 for mj563/2 and 4 formj561/2.

From Eq. ~1! and observed line intensitiesI mj
in the

mj -resolved excitation spectrum@Fig. 3~a!#, the populations
smj

at H50.38 T were evaluated. The measurements w
repeated five times, and the average values and their stan
deviations are listed in Table I. The measurement was
peated by changing the power of the pump and probe las
and the listedsmj

is confirmed to be free from the saturatio
of the optical transition@26#. The similar procedure was re
peated atH50.76 and 1.00 T, and the results are also lis
in Table I. The unequal population between the 6p 2P3/2,1umj u

and 6p 2P3/2,2umj u
levels ~atomic orientation! was observed.

It means that the dissociated Cs(6p 2P3/2) atoms have net
angular momentum̂j Z& along the space-fixedZ axis. This is
remarkable because the parent molecules are excited
linearly polarized light. The populationssmj

are found to be

in the order s13/2.s11/2.s21/2.s23/2, and the ratio
s1umj u

/s2umj u
to increase as the magnetic fieldH increases.

A schematic illustration of the optical excitations, co
plings, and dissociation is shown in Fig. 4. The select
dissociation into Cs(6p 2P3/2)1Cs(6s 2S1/2) atoms occurs
through the dissociative (2)3Su

1 state. TheD 1Su
1 state can-

not interact directly with the (2)3Su
1 state, because the spin

orbit interaction is forbidden between1Su
1 and 3Su

1 states
@27#. The D 1Su

1(vJM) level couples with the
(2)3P0u(v8JeM) level by the spin-orbit interactionHSO,
and the (2)3P0u(v8JeM) level couples with the
(2)3Su

1(vcNJM) levels by the L-uncoupling interaction
HJL52Br(J1L21J2L1), wherev, v8, andvc specify the
vibrational states,e expresses a level of parity1(2)J, and
7-3
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TABLE I. Observed and calculated populationsmj
of the sublevels 6p 2P3/2,mj

of the dissociated atoms
The experimental uncertainties are indicated with6.

H (T) s13/2 s11/2 s21/2 s23/2

Obs 0.38 0.38460.011 0.25760.010 0.19660.011 0.15660.011
0.76 0.46860.007 0.26060.004 0.16860.007 0.09260.014
1.00 0.50960.006 0.26160.005 0.16460.001 0.06360.009

Calc for g/a520 0.38 0.273 0.259 0.240 0.228
0.76 0.288 0.268 0.236 0.209
1.00 0.292 0.272 0.235 0.201

Calc for g50 0.38 0.226 0.274 0.274 0.226
0.76 0.228 0.273 0.273 0.226
1.00 0.228 0.272 0.273 0.227
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M is the quantum number associated with the projection oJ
on theZ axis @16,28#. The quantum numberN is associated
with J2S, whereS is the electronic spin angular mome
tum. SymbolBr is the rotational constant,J65Jx6 iJy , and
L65Lx6 iL y , wherex andy denote the molecule-fixed co
ordinates with thez axis along the internuclear axis, andL is
an electronic orbital angular momentum. This type of pred
sociation is called indirect predissociation@27#. When an ex-
ternal magnetic fieldH(uHu5H) is applied, the three level
3Su

1(vcN5JJM) and 3Su
1(vcN5JJ61M ) are mixed, and

split into three components3Su
1(vcN5JMEZ50) and

3Su
1(vcN5JMEZ562mBH) @29#, whereEZ is the Zeeman

energy andmB is the Bohr magneton. The Zeeman intera
tion HZe52m•H couples (2)3P0u(v8JeM) and
(2)3Su

1(vcNMEZ) levels, which also induces the prediss

FIG. 4. A schematic illustration of the optical excitations, co
plings, and dissociation to Cs(6p 2P3/2,mj

)1Cs(6s 2S1/2) atoms.
Levels coupled by spin-orbit interactionHSO are connected by bro
ken lines, by Zeeman interactionHZe are connected by dotted lines
and by both theL-uncoupling interactionHJL and HZe are con-
nected by broken-dot lines. Symbole and f represents levels with
parity 1(2)J and2(2)J, respectively.
06271
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ciation @17,21#, wherem is the magnetic moment of a mo
ecule given bym52mB(L12S). In addition, a direct exci-
tation (2)3Su

1(vcNMEZ)←X 1Sg
1(vXJ11M ) is allowed by

spin-orbit coupling of the (2)3Su
1 state with theB 1Pu state

@22#, and it causes the dissociation into Cs(6p 2P3/2)
1Cs(6s 2S1/2) atoms. Note that the selection rule onM of all
these couplings isDM50.

When the wave number of the pump light was fixed to t
D 1Su

1(vJ)←X 1Sg
1(vXJ11) line, the probability of pro-

ducing a Cs(6p 2P3/2,mj
) atom in the presence of an extern

magnetic field is proportional, in the first order approxim
tion, to

Pmj
5(

M
H (

N,EZ

u^1Sg
1~vXJ11M !umZu1Su

1~vJM!&

3@^1Su
1~vJM!uHSOu3P0u~v8JeM!&/DED#

3@^3P0u~v8JeM!uHJL1HZeu3Su
1~vcNMEZ!&/DE#

1 (
JB5J

J12

^1Sg
1~J11M !umZu1Pu~JBM !&^vXuvc&

3@^1Pu~JBM !uHSOu3Su
1~NMEZ!&/DEB#u2

3MA@3Su
1~vcNMEZ!26p 2P3/2,mj

#J Y ~2J11!,

~2!

where all 2J11 degenerated transitions are assumed to
stimulated by the pump light,DED is the energy difference
between theD 1Su

1(vJM) and (2)3P0u(v8JeM) levels,DE
is the one between the (2)3P0u(v8JeM) and
(2)3Su

1(vcNMEZ) levels, and DEB is between the
(2)3Su

1(vcNMEZ) level and theB 1Pu state,mZ is the tran-
sition moment along theZ axis, andMA@3Su

1(vcNMEZ)
26p 2P3/2,mj

# is the probability of producing

Cs(6p 2P3/2,mj
) atoms by dissociation from the molecula

(2)3Su
1(vcNMEZ) level. Singeret al. @30# have studied the

photodissociation of a diatomic molecule and presente
formula on the correlation between the molecular basis fu
tion and the atomic wave functions of the fine structure le
7-4
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TABLE II. Algebraic formulas ofPmj
. a, b, andg are defined in the text.

mj Pmj

3/2 J~J11!~3J218J16!

15~2J11!~2J13!
a2 1

2~7J2121J131!

15~2J11!~2J13!
g2 2

2J~J11!~3J14!

15~2J11!~2J13!
ag

1
416J812448J715216J615008J513182J411515J322972J222716J11358

210~2J21!2~2J11!3~2J13!3
b2

1
J2~J11!

15~2J21!~2J11!~2J13!
ab 1

2~36J51132J4267J32720J22470J1402!

105~2J21!~2J11!2~2J13!2
bg

1/2 J~J11!~11J2126J112!

45~2J11!~2J13!
a2 1

2~19J2157J127!

45~2J11!~2J13!
g2 2

2J~J11!~11J118!

45~2J11!~2J13!
ag

1
1440J817888J7115040J6110288J521874J426617J322522J211806J1336

630~2J21!2~2J11!3~2J13!3
b2

2
J~J11!~J12!

45~2J21!~2J11!~2J13!
ab 1

2~J12!~44J41148J31319J21722J2438!

315~2J21!~2J11!2~2J13!2
bg

21/2 J~J11!~11J2126J112!

45~2J11!~2J13!
a2 1

2~19J2157J127!

45~2J11!~2J13!
g22

2J~J11!~11J118!

45~2J11!~2J13!
ag

1
1440J817888J7115040J6110288J521874J426617J322522J211806J1336

630~2J21!2~2J11!3~2J13!3
b2

1
J~J11!~J12!

45~2J21!~2J11!~2J13!
ab 2

2~J12!~44J41148J31319J21722J2438!

315~2J21!~2J11!2~2J13!2
bg

23/2 J~J11!~3J218J16!

15~2J11!~2J13!
a2 1

2~7J2121J131!

15~2J11!~2J13!
g22

2J~J11!~3J14!

15~2J11!~2J13!
ag

1
416J812448J715216J615008J513182J411515J322972J222716J11358

210~2J21!2~2J11!3~2J13!3
b2

2
J2~J11!

15~2J21!~2J11!~2J13!
ab 2

2~36J51132J4267J32720J22470J1402!

105~2J21!~2J11!2~2J13!2
bg
f.

a

e

e

ng

e

h

s.

the
els. By using the formula, theMA@3Su
1(vcNMEZ)

26p 2P3/2,mj
# were calculated and listed in Table I of Re

@29#. The matrix elements ofmZ , HSO, andHJL are given in
Ref. @28#.

By using these, the algebraic expressions ofPmj
are cal-

culated and listed in Table II as a function ofJ and

a5m i^vXuv&^D 1Su
1uHSOu~2!3P0u&^vuv8&^1uL1u01&

3^v8uBr uvc&/~DEDDE!, ~3!

b5m i^vXuv&^D 1Su
1uHSOu~2!3P0u&^vuv8&^1uL1u01&

3^v8uvc&mBH/~DEDDE!, ~4!

g5m'^vXuvc&^B
1PuuHSOu~2!3Su

1&/DEB , ~5!

wherem i is the transition moment parallel to the internucle
axis of theD 1Su

1←X 1Sg
1 transition, andm' is that perpen-

dicular to it of theB 1Pu←X 1Sg
1 transition. Thea, b, and

g are the J-independent parts of the amplitude of th
(2)3Su

1←X 1Sg
1 excitation:a is the contribution from the
06271
r

optical, spin-orbit, andL-uncoupling interactions among th
X 1Sg

1 , D 1Su
1 , (2)3P0u , and (2)3Su

1 states,b is the one
from the optical, spin-orbit, and Zeeman interactions amo
them, andg is from the direct excitation to the (2)3Su

1 state.
The dissociated Cs(6p 2P3/2) atoms are produced by th
three coherent paths related toa, b, andg. The terms ofa2,
b2, and g2 in Pmj

represent the contributions from eac

dissociation path, and those ofab, ag, and bg represent
the contributions from the interference between two path

The populationsmj
of the sublevel 6p 2P3/2,mj

of the dis-
sociated atoms is given by

smj
5Pmj Y (

mj

Pmj
. ~6!

The ratiob/a is given bymBH^v8uvc&/^v8uBr uvc& and it
can be approximated bymBH/Br̄ @27#, whereBr̄ is the rota-
tional constant at the internuclear distance 6.5 Å where
potential curves of the (2)3P0u and (2)3Su

1 states cross.
Then, the ratiob/a is given by 77.8H, whereH is in units of
T. Since an accurate evaluation ofg/a is difficult, g/a was
7-5
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evaluated to be 20 by fittings Eq.~6! to the observed values
The calculatedsmj

are listed in Table I. Unequal populatio

betweens1umj u
ands2umj u

is reproduced. Although the quan
titative agreement between the calculated and observed
ues is not within the experimental uncertainty, the calcula
smj

are in agreement with the observed ones in the or

s13/2.s11/2.s21/2.s23/2 and in the increase of the ratio
s1umj u

/s2umj u
with increase ofH. By neglecting the contri-

bution of the direct excitation (2)3Su
1←X 1Sg

1 , i.e., by tak-
ing g50, the relative populationssmj

were also calculated

and the results are shown in Table I. In this cases1umj u
is

nearly equal tos2umj u
, and this contradicts with the ob

served results.
As we can see from Table II, the coefficients ofa2, b2,

g2, andag are identical betweenP1umj u
andP2umj u

. Abso-

lute values of the coefficients ofab and bg are identical
betweenP1umj u

andP2umj u
, but their signs are opposite. Ac

cordingly, the atomic orientation arises from terms ofab
andbg. The amplitudeb is proportional toH, and therefore
the atomic orientation is induced only when the exter
magnetic field is applied. This is reasonable because the
rection of the magnetic field reverses under reflection in
XY plane, and therefore the atomic orientation proportio
to ^ j Z& is allowed.

The contributions to the calculatedsmj
at H50.38 T

from terms containinga2, b2, g2, ab, ag, and bg are
listed in Table III. The contributions from thea2 and g2

terms are comparable but the one from theb2 term is small.

TABLE III. Contributions from terms containinga2, b2, g2,
ab, ag, and bg in Table II to the calculated populationsmj

at
H50.38 T forg/a520.

Term mj

containing 13/2 11/2 21/2 23/2

a2 0.2622 0.3186 0.3186 0.2622
b2 0.0120 0.0138 0.0138 0.0120
g2 0.1659 0.1499 0.1499 0.1659
ab 0.0004 20.0001 0.0001 20.0004
ag 20.1895 20.2329 20.2329 20.1895
bg 0.0221 0.0093 20.0093 20.0221

Total 0.2731 0.2586 0.2402 0.2280
.A

06271
al-
d
er

l
di-
e
l

Among the interference termsab, ag, andbg, the contri-
bution from ag is dominant. The atomic orientation is in
duced mainly by thebg term, and it givess1umj u

/s2umj u

.1, which is coincident with the observed one. Thebg term
is a coherent superposition of parallel and perpendicular
citation transitions. Small atomic orientation is induced
theab term. Theab term is a coherent superposition of tw
parallel transitions, and it shows that an atomic orientat
can arise even by the superposition of only parallel tran
tions when the magnetic field is applied. In the present ca
the atomic orientation is induced by the magnetic fie
through the interference between the predissociation and
dissociation following the direct excitation to the dissociati
state. It is demonstrated that the atomic orientation is p
duced by the photodissociation even when all degenerateM
sublevels of a givenJ are excited by a light polarized linearl
along the field. If the amplitudeb, i.e., predissociation in-
duced by a magnetic field is larger than the one evalua
above~if b/a is larger than 77.8H), a better agreement o
the calculatedsmj

with the observed values can be obtaine
In summary, the wave number of a pump laser light p

larized linearly along the magnetic field was fixed to t
D 1Su

1(v546, J554)←X 1Sg
1(v50, J555) line, and the

mj -resolved excitation spectra of the dissociat
Cs(6p 2P3/2) atoms were measured by scanning the wa
number of a probe laser. The populationssmj

of the sublev-

els 6p 2P3/2,mj
of the dissociated atoms were determin

from the intensities of themj -resolved lines. Nonzero orien
tation is found. The relative populations are found to be
the order s13/2.s11/2.s21/2.s23/2, and the ratio
s1umj u

/s2umj u
to increase as the magnetic fieldH increases.

The reason of this remarkable result became clear from
analysis. In the presence of the external magnetic field, e
when all degenerated molecularM sublevels are excited by
the light linearly polarized parallel to the field, the atom
orientation of dissociated atoms is induced through the in
ference between the predissociation and the dissociation
lowing the direct excitation to the dissociative state. An e
ternal magnetic field is indispensable to induce the ato
orientation in the present case.
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