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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
CsD '3 (v=46,)=54)—X'3 (v=0,J=55) line, and the excitation spectrum of the dissociated
Cs(6p 2P5),) atoms was measured by scanning the wave number of a probe laser light polarized perpendicular
to the field. The population of each sublevel @3/z,mj of the dissociated atoms was determined from the line
intensities in them;-resolved excitation spectrum. The unequal population between mﬁ@@,ﬂmj\ and
6p 2P3,2',|mj| levels (atomic orientatiopwas 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 En&>, ! state with the (2311, state and
the L-uncoupling and Zeeman interactions between the’l3) and dissociative (ZF [ states, and the
dissociation following a direct excitation to the 2); state, which is allowed by spin-orbit coupling of the
(2)%3 state with theB 1, 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 moMcular

=J,...,0,...~J sublevels are excited by a light polarized linearly along the field.
DOI: 10.1103/PhysRevA.67.062717 PACS nuntber33.80.Gj, 33.55.Be, 42.25.Hz
I. INTRODUCTION of the magnetic sublevelspﬁng,Zmj of dissociated atoms

. o _ was determined frorm;-resolved excitation spectrum of the
Population distribution among the magnetic sublevels ogs2g , . 6p2p transitions, wheren, is the quantum
. : . g 1/2m! 3/2,mj ' j
the photodissociated fragments is determined by the dynam- ! . . _— L
o : . . - number associated with the projection to the direction of
ics in the dissociatiofil,2]. The allowed population distribu- L ' )
R : ._._magnetic field(space-fixedZ axis) of the total angular mo-
tion is limited by the symmetry of the system, which consists : . .
mentumj (the quantum number if) of an atom excluding

of parent molecules, exciting light, and sometimes external : . . !
P g9 nuclear spin. An anisotropic population of the sublevel

field. For example, when atoms or molecules are excited by, "% . .
a linearly polarized light, these can be aligriééscribed by %p Pajzm of the dissociated atoms was found, but the re-

even multipolg, and when excited by a circularly polarized sults could not be explained by assuming that the atoms were
light, these can be orientetlescribed by odd multipole Produced by the predissociation of the, DS’ (v=46,
[3-5]. Dixon [6] presented a general theory by semiclassical =54) molecule through the dissociative £2); state.
treatment about the multipole moments of the angular mo- In the present work, the same lin® 3 (v=46,
mentum, which are carried by the photodissociated frag:]=54)<—X12g(v=O, J=55) was excited under the mag-
ments. Siebbelesetal. [7] presented a full quantum- netic field, and them;-resolved excitation spectra of the
mechanical treatment. A number of experimental works havgissociated Cs(|62P3,2mj) atoms were measured by

been reported, but they were I|m|ted_ In the case where th8xciting to the @IZDS,Zm; level instead of excitation to the
angular momentum was carried by dissociated molecules as i

their nuclear rotationf8—10], or by dissociated atoms as the 85 Sy level, because the hyperfine splitting of the

alignment of their electronic angular moment{ir,12. 6d 2D4,—6p 2Py, transition is smaller than that of the
TheD 'S state of the Csmolecule was found to disso- 8s2S, < 6p 2P, transition and therefore the line intensity

ciate selectively to the separated atoms @s{By;)  can be evaluated more accurately. From the intensities of the

+Cs(652Sy5), and the line broadening and the vibrational m;-resolved spectral lines, the populations of the sublevels
level shift were observed in some of the molecular transitiorgp 2p,, - of the dissociated atoms were determined. By
i

lines[13—-17. The potential energy curvé$5,18-20 of the

lower excited states of Gsare shown in Fig. 1. Matsubara s e : S .
etal. [21] excited Cs molecules to theD 'S (v=46, a magnetic field to the dissociation was studied. It has been

J=54) level in the magnetic field(the strengthH  SPOWn recently thatthe optical transition €2ﬁ+<—x g s
=0.191 T) by the laser light linearly polarized parallel to the aIIoweld by the spin-orbit coupling of the (2, state with
field, wherey is the vibrational quantum number aads the ~ the B T, state[22]. By taking into account this fact, the
quantum number associated with the total angular momerRrobability of producing Cs(p“Ps) atoms was studied,
tum J of a molecule excluding nuclear spin. The populationand the problem in the preceding paper was solved.

measuring the dependence of the populatioipthe role of
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5 M FIG. 2. Optical arrangement to measure theresolved excita-

tion spectrum of dissociated atoms Cp@Ps),). Pole pieces of an

electric magnet are indicated by S and N. Symbol L is a lens, F an

interference filter, and PMT a photomultiplier tube. Two set of these
S0 are in the plane composed of the molecular beam and the laser light.

4000

W —)
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L]

=853.0 nm, full width at half maximum (FWHM)

=9.0 nm, this passes the Cp 6P,— 6s2S,,, emission,

X 1o% and was focused to a cooled photomultiplier tul&CA

C31034.

) ) ) A probe light of a single-mode tunable Ti:sapphire laser

3 s ’ 0 11 R@A) (Coherent 899-20was propagated antiparallel to the pump

light. The probe light was linearly polarized perpendicular to

the magnetic field ¢ probe, and the wave number was
scanned around thed&D 3/, < 6p 2P3,2‘mj transitions. The

Ref.[18], (2)°I1,, andD *X states from Ref[19] are shown by resultant emission was measured through another set of a

solid curves. The curves obtained in RgZ0] by ab initio molecu- lens, an interference filter \=878.9 nm, FWHM

lar orbital calculations without including spin-orbit interaction are ' ' !

FIG. 1. Potential energy curves of £sRydberg-Klein-Rees
(RKR) potential curves of th& 'S from Ref.[15], B 'II,, from

=14.8 nm, this passes thed8Dj,—6p 2P, emission,
shown by broken curves. and a cooled photomultiplier tub@Hamamatsu R943-02
2 . .
. EXPERIMENT The photon counts of thed®D 5,,— 6p 2P, emission were

measured as a function of the wave number of the probe
The experimental apparatus was almost the same as in olight. The photon counts of thep&’P,— 6s2S,,, emission

previous reporf21], but it was improved to reduce the self- and the output power of the probe laser were also recorded
absorption and to remove the saturation in optical transitionssimultaneously, and these were used to normalize the excita-
The optical arrangement is shown in Fig. 2. A magnetic fieldtion spectrum of the 62D, 6p 2Py, transition against
was applied by an electric magnet with a pair of pole pieceghe fluctuation of both the output power of lasers and the
inserted in a vacuum chamber-(0® Torr). In the cham-  density of the molecular beam.

ber, cesium metal was kept in an oven and heated to 600 K.

The cesium vapor was spouted through an orifice (360
diam), and it was collimated by a conical skimmer (726 lll. RESULTS AND ANALYSIS
diam) placed 20-mm downstream from the orifice. The mo- The observed excitation spectrum of the G$¢B )
lecular beam was crossed at right angles to the magnetic field-Cs(6p ?P5,) transition of the dissociated atoms Hit
at 55-mm downstream from the skimmer. =0.38 T is shown in Fig. @). The nuclear spin of3Cs
A pump light of a single-mode tunable dye lag@oher-  atom is 7/2. The hyperfine constamisof the 6d D5, and
ent 699-29, R6G dyewas crossed at right angles to both the 6p ?p,,, levels are reported to be 16.30 and 50.34 MHz,
magnetic field and the molecular beam. The pump light wasespectively{23]. Nonvanishing matrix elements of the hy-
linearly polarized parallel to the magnetic fieldr pump,  perfine interactiorH s and the Zeeman interactidt, for
and the wave number was fixed to the,DSS;(v=46, the basis functions dBp 2Pz,Fmg) and|6d 2D s,Fme) are
J=54)«—X 125(1;:0, J=55) line. The resultant emission given in Ref.[21], whereF is the quantum number associ-
was collected by a len& mm diam,f=20 mm) placed in ated with the total angular momentufj+ 1| including the
the plane composed of the molecular beam and the lase@wuclear spil andmg is its projection along th& axis. The
light, and was passed through an interference filtey  eigenvalues and eigenfunctions of the Hamiltonillp
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@ =0 and*=1, and the relative intensities in direction of ob-

30000 | +12 servation defined by polar angéefrom Z axis are given by

[24,25 sirfd(3/2)%— ’2] and (1+ cosze)(1/2+m )(1/2

+m,+1)/4 for the D3/2m’—> Pl/2m] and D3/2m]

— P1,2m +1 transitions, respectrvely The intensities of the
D3,2mjr<— P3,2m transitions by exciting witho probe and

detecting the ﬂuorescence intensity of tH®5,— 2Py,
emission at an angl® are given byl z,=190,3,3(5
—3¢080), | 11p=100 4 1A4(5—3¢086), I1_1,=100_19(1
+cosb), 1%1,=100,19(1+c0S0), |_1p=1go_1,A(5
—3cog6), and | _z,=190_5,3(5—3 cog¥) for the transi-

Photon [
counts |

15000 |

10856.4 wave number (cm") 10856.7

® tions shown in Fig. &) from low to high transition energies,
respectrvely, wheretrm is the population of the sublevel
um Wm 6p? P3,2,m andlg is a common factor. Note that the de-
. | pendent parts are identical among fcbtr,r Even though the
108564 wave number (cm™) 108567 6d 2D 3,,—6p 2P/, emission was collected by a lens, the
© m; populatronamj of the four sublevels p2 P3,2,mj of the dis-
64Dy ﬁ’é sociated atoms can be determined from Itmjewithout de-
312 pending on the solid angle for the detection of the emission:
2 33 I /c
K £ Oy = — ®

m; ' 2 (I fem)

FIG. 3. (a) ObservedmJ -resolved excitation spectrum of the
Cs(6d *Dyjpym) ~ CS(6p *Papz) transition atH=0.38T in o \yherec, is 3 for m;=+3/2 and 4 form;= = 1/2.
probe. ThemJ of the 6p? P3,2m level is shown above the spectral From JEq. (1) and observed line intensities, in the
i

line. (b) Calculated relative stren ths and energies of tHE® o . .
( ) 9 g 912 m;-resolved excitation spectrufirig. 3@], the populations

—6p 2Py, transitions atH=0.38 T excited bys probe and de- =
tected ath=90° by the &l 2D, 6p °P,,, emission, where statis-  m; at H=0.38 T were evaluated. The measurements were

tical population in the hyperfine sublevels of the Osf®,,) at-  repeated five times, and the average values and their standard

oms is assumed. Each of thel ZD3,2mr and &2 Psim sublevels deviations are listed in Table I. The measurement was re-

split into eight levels by the hyperfrne interaction. Each peated by changing the power of the pump and probe lasers,

6d 2D3/2m,-r1‘—6|02P3/2mj transition consists of eight hyperfine and the Ilstedrmj is confirmed to be free from the saturation

components(c) Allowed transitions ino probe are shown by ver- of the optical transitiof26]. The similar procedure was re-

tical arrows. peated aH=0.76 and 1.00 T, and the results are also listed
in Table I. The unequal population between t|’|]3293/2+|m‘

+Hze at H=0.38T Were calculated on these basis functionsand 6 2 Pajo- Imj| levels (atomic orientatiohwas observed

for 6p 2Py, and 62Dy, levels. The energies of allowed |t means that the dissociated Ce(®;,) atoms have net

transitions ino- probe and their line intensities in the excita- angular momenturj ~) along the space-fixed axis. This is

tion spectrum, where the equal population on every hyperfingemarkable because the parent molecules are excited by a

sublevels of the p°Py, level is assumed, were calculated, jinearly polarized light. The populations,, are found to be

ap%th% gagl_ll_lts are shrovlvn in Fr[%b;a -[Ee ﬁeem?n splrttrtntg in the order o, 3,>0,1>0_1p>0_3,, and the ratio

a ‘ IS much farger than the nyperfineé spiiting o1 |m|/o_|m| 10 increase as the magnetic fiettlincreases.

(Paschen-Back region for hyperfine splittingnd the lines AJ h il il ) £ th ical .

of the 6d 2D 4, 6p 2Py, transition ino probe are grouped A schematic lllustration of the optical excitations, cou-
plings, and dissociation is shown in Fig. 4. The selective

to Six transitions classified by, m;: 2D 2p , . o
y. m YU J3232  gissnciation into Cs(p2Ps) + Cs(652Sy;) atoms occurs

D3/2 12—2Pap12, 2Dy ap— P3/2 1725 D3 a2 . T
' through the dissociative (3} state. TheD 13" state can-
—?P3p1p, 2Da/z 1z—2Pai_172, and *Dzjp_ 10— 2P _ 31 g (2, y

transitions from low to high transition energies. The rationot interact directly with the (ZF.; state, because the spin-
of the transition probabilities between the grouped six tranorbit interaction is forbidden betweef®, and °3 [ states
sitions was coincident with the ratio 3:4:3:3:4:3, which was[27]. The D 12 (vIM) level couples with the
the ratio in the absence of hyperfine interactj@d]. Here-  (2)%Iy (v’ JeM) Ievel by the spin-orbit interactiof gg,
after, we shall neglect the hyperfine interaction. The allowedand the (2§IIy,(v'JeM) level couples with the
transitions ino probe are shown by vertical arrows in Fig. (2)33 . (vcNJM) levels by the L-uncoupling interaction
3(c). Hy=-B,(J.L_+J_L.), wherev, v’, andv, specify the
The 2D3/2mj'—>2P1/2,me' emission is allowed fom;—m/  vibrational statesg expresses a level of parity (—)7, and
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TABLE |. Observed and calculated populatit)'g,j of the sublevels 62P3,2mj of the dissociated atoms.
The experimental uncertainties are indicated with

H (T) T 132 oL o112 O_3p

Obs 0.38 0.3840.011 0.25%0.010 0.196:0.011 0.156:0.011
0.76 0.468-0.007 0.266-0.004 0.1680.007 0.092-0.014
1.00 0.509-0.006 0.261-0.005 0.164:0.001 0.063:0.009

Calc for y/ =20 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 y=0 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

M is the quantum number associated with the projectiod of ciation[17,21], wherem is the magnetic moment of a mol-
on theZ axis[16,28. The quantum numbeX is associated ecule given bym= — ug(L+29). In addition, a direct exci-
with J— S, whereS is the electronic spin angular momen- tation (2P (0 NMEz) X3 (vxd+1M) is allowed by
tum. SymbolB, is the rotational constand,. =J,=iJ,, and  spin-orbit coupling of the (23)239 state with theB 11, state
Lif inlLy, where>_< andy denofce the moleculg-flxed CO- [22], and it causes the dissociation into Cp@Ps.)
ordinates with the axis along the internuclear axis, ahds | cg(6s2S,,,) atoms. Note that the selection rule biof all
an electronic orbital angular momentum. This type of predisipege couplings iAM =0.
sociation is callleq indirect predigsocia@i{ﬂﬂ. When an ex- When the wave number of the pump light was fixed to the
tfrrlal magnetic fleld-lg|H+|=H) is applied, the th_ree levels p 13 (0d)—X 12$(vx3+1) line, the probability of pro-
2, (veN=3IM) and 3| (vcg=fJi 1M) are mixed, and  4,cing a Cs(f ?P3m) atom in the presence of an external
iplli into_three - components., (UCN_‘]MEZ_O) and magnetic field is proportional, in the first order approxima-
2 (v N=IME,=*+2ugH) [29], whereE; is the Zeeman tion, to
energy andug is the Bohr magneton. The Zeeman interac-
tion Hz=—-m-H couples (2§lIy,(v'JeM) and N N
(2)°2 ) (v(,NME,) levels, which also induces the predisso- me% é [(*2g (0x I+ 1IM)| 2| "2 (vIM))
Bz

@Fu (v NME,) X[(*2 g (vIM)[Hsd *TTg,(v' JeM))/AEp]
X[(CHgy(v'IeM)|H j +Hzd*S 5 (v NMEy))/ AE]

J+2
+ 3 (55 (4 IM) ol Tl (I6M)) o)

[}

X[(MI,(JgM)|Hsd’S § (NMEZ))/AEg]|?

XMA[®2 (v NMEZ)—6p 2P3/2,mj]] / (2J+1),

@

where all 21+ 1 degenerated transitions are assumed to be
stimulated by the pump lightAEy is the energy difference
between the 13, (vIM) and (2FI1y,(v' JeM) levels,AE
is the one between the Hiy,(v'JeM) and
(2)°3 5 (vc.NME,) levels, and AEg is between the
(2)*3 1 (v(,NME,) level and theB 1, state,u; is the tran-
o . . o sition moment along th& axis, andMA[®S | (v [NME;)

_ FIG. 4. A s_chemat_|c illustration of the optical excitations, cou- _6p2P3/2m-] is the probability of producing
plings, and dissociation to CSp&P3,, )+ Cs(652Sy,) atoms. c 2p i ‘ by di iation f h lecul
Levels coupled by spin-orbit interactidméo are connected by bro- s(6p 3’2‘“1) atoms Dy dissociation from the molecuiar

ken lines, by Zeeman interactitt,, are connected by dotted lines, (2)%x I_(UcN_M Ez) level. S_inger_et al.[30] have studied the
and by both theL-uncoupling interactiorH; and H,, are con-  photodissociation of a diatomic molecule and presented a

nected by broken-dot lines. Symbelandf represents levels with formula on the correlation between the molecular basis func-
parity +(—)” and —(—)”, respectively. tion and the atomic wave functions of the fine structure lev-

nz

2
T

X' (v 41 M)
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TABLE Il. Algebraic formulas omej. a, B, andy are defined in the text.

] P

i

3/2 J(J+1)(35%+8J+6) 2(70°+213+3) ,  2J(I+1)(3]+4)
1523+ 1)(23+3) ¢ T 1823+ 1)(23+3) ¥ 1523+ 1)(23+3) *Y
. 41618+ 24487 + 521615+ 50081°+ 318204+ 1515°— 29720 — 27161 + 1358,82
21023-1)3(23+1)3(23+3)3
J2(J+1) 2(36J°%+ 13214 —67J°—720)%>— 4700+ 402
+ ap + By
1523-1)(23+1)(23+3) 1052J—-1)(2J+1)%(2J+3)?
172 JI+1)(110°+260+12) ,  2(10°+573+27) , 2J(J+1)(11+18)
45231 1)(29+3) ¢ Ta52011)23+3) Y 2520+ 1)(29+3) 7
. 144Q0% + 788817 + 1504M° + 10288)°— 1874)* — 661 7% — 2522)2+ 1806 + 336
6302J—1)2(23+1)3(23+3)3
J(I+1)(J+2) 2(J+2)(443*+ 14813+ 31907+ 7221 — 439
T 4523-1)(23+1)(23+3) ¢ 3152J—-1)(23+1)%(23+3)? Ay
—1/2 JI+1)(11)%+ 261+ 12) 2(199°+573+27) , 23(J+1)(111+18)
452J+1)(23+3) 4523+1)(23+3) 7~ 4523+ 1)(23+3) 47
. 144008+ 78887 + 1504M°+ 10288)°— 187414 — 661 7% — 252212+ 1806) + 336
630(2J—1)2(2J+1)3(2J+3)°
J(I+1)(J+2) 2(J+2)(443%+ 14813+ 31917+ 7221 — 439
45(23-1)(23+1)(23+3) “P ~ 3152J—1)(23+1)%(23+3)? By
—3/2 JI+DBP+8I+6) ,  2(7I+213+31) , 2)(I+1)(3I+4)
1523+ 1)(23+3) ¢ T 1523+1)(23+3) 7 1523+ 1)(23+3) *Y
. 41618+ 24487 + 521615+ 50081°+ 318204+ 1515)°— 29720 — 27161 + 1358/32
210(2J-1)2(23+1)3(23+3)3
J2(J+1) 2(36J°+ 13214 —67J°—7201°>— 4700+ 402
T I520-1)(23+1)(23+3) P 1052J— 1)(23+1)%(2J+ 3)2 Ay

2

2

a2

2

els. By using the formula, theM A[3EJ(chMEz) optical, spin-orbit, and.-uncoupling interactions among the
—6p 2Py, | were calculated and listed in Table | of Ref. X'2g , DX, (2)°My,, and (2f3 states,3 is the one
[29]. The matrix elements i, , Heo, andH ,,_ are given in from the optical, spin-orbit, and Zeeman interactions among
Ref. [28]. them, findy is from the direct excitation to the (3)_ state.

By using these, the algebraic expression$gf are cal- The dissociated Cs{°P5;) atoms are produced by the

2
culated and listed in Table Il as a function dand thzree cohezre_nt paths relateddo 5, andy._Th(_a terms ok,
B, and y“ in ij represent the contributions from each

a=p{vxlv)(D 13 FHsd (2) %o ) (v]v ' Y2|L 4 |0F) dissociation path, and those i3, ay, and By represent
! the contributions from the interference between two paths.
X{(v'|B;lv ) (AERAE), (3 The populatiorvmj of the sublevel @ 2P3,2mj of the dis-

. sociated atoms is given by
,BZM||<UX|U><D 12u |Hso|(2)3H0u><U|U’><1||—+|0+>

X(v'|veyugH/ (AERAE), 4 Umj:ij/E ij' (6)
mj

y=w(vxlve)(B I [Hsd (2)%5 1)/ AEg, (5
The ratioB/ « is given byugH(v'|v)/{v'|B,|ve) and it
wherep is the transition moment parallel to the internuclearcan be approximated bygH/B, [27], whereB, is the rota-
axis of theD 1EJ<—X 125 transition, andu, is that perpen- tional constant at the internuclear distance 6.5 A where the
dicular to it of theB 'I1,—X 'S transition. Thea, 8, and  potential curves of the (2JI,, and (2f3; states cross.
v are the J-independent parts of the amplitude of the Then, the ratig8/« is given by 77.81, whereH is in units of
(2)°s, —X '3 excitation: a is the contribution from the T. Since an accurate evaluation pfa is difficult, y/a was

062717-5
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TABLE IIl. Contributions from terms containing®, 5%, ¥, Among the interference termsg, ay, andBy, the contri-
ap, ay, and By in Table Il to the calculated populatiom,, at  bution from ay is dominant. The atomic orientation is in-
H=0.38 T for y/a=20. duced mainly by theBy term, and it gives(r+|mj|/a_|mj‘
>1, which is coincident with the observed one. T term

Ter.m. m; is a coherent superposition of parallel and perpendicular ex-
containing  +3/2 12 —12 —32 citation transitions. Small atomic orientation is induced by
a? 0.2622 0.3186 0.3186 02622 theap term. Theaf term is a coherent superposition of two
B2 0.0120 0.0138 0.0138 0.0120 parallel transitions, and it shows that an atomic orientation
52 0.1659 0.1499 0.1499 0.1659 can arise even by the superposition of only parallel transi-
aB 0.0004 —0.0001 0.0001 —0.0004  tionswhen the magnetic field is applied. In the present case,
ay 01895 —02329 —02329 01895 the atomic _orientation is induced by thg ma_gn_etic field
By 0.0221 00093 —00093 —0.0221 throug_h t_he mterfe_rence be_tween the _predlssoma_tlon anc_i the
Total 02731 0.2586 0.2402 0.2280 dissociation following the direct excitation to the dissociative

state. It is demonstrated that the atomic orientation is pro-
duced by the photodissociation even when all degeneited

evaluated to be 20 by fittings E¢6) to the observed values. Sublevels of a gived are excited by a light polarized linearly
The calculatedry, are listed in Table I. Unequal population along the field. If the amplitudg, i.e., predissociation in-

. _ duced by a magnetic field is larger than the one evaluated
betweens, m| ando —m, is reproduced. Aithough the quan above(if B/« is larger than 7718), a better agreement of

titative agreement between the calculated and observed vake calculatedr,, with the observed values can be obtained.
ues is not within the experimental uncertainty, the calculated In summary, Jthe wave number of a pump laser light po-

Tm; are in agreement with the observed ones in the ordeltarized linearly along the magnetic field was fixed to the

04327 04112 012> 03 and in the increa}se of the ratips D IS (v=46, J=54)—X 125(0 =0, J=55) line, and the
O+ |my| /7 —jm| With increase ofH. By neglecting the contri-  , resolved  excitation spectra of the dissociated
bution of the direct excitation (2§ ; —X '3, i.e., by tak-  Cs(6p?Py,) atoms were measured by scanning the wave
ing y=0, the relative populationemj were also calculated number of a probe laser. The populatiaﬂgj of the sublev-

and the results are shown in Table I. In this casgm| is els 6p2P3,2mj of the dissociated atoms were determined

nearly equal 00— |m;| and this contradicts with the ob- from the intensities of then;-resolved lines. Nonzero orien-
served results. tation is found. The relative populations are found to be in
As we can see from Table II, the coefficientswf, g2, the order o 3,>0,1,>0_1,>0_3,, and the ratio
¥?, anday are identical betweeR . || andP_jy . Abso- T+ jmy /o |m| to increase as the magnetic figttlincreases.
lute values of the coefficients af and B8y are identical The reason of this remarkable result became clear from the
betweenP+|mj| and P im but their signs are opposite. Ac- analysis. In the presence of the external magnetic field, even
cordingly, the atomic orientation arises from termsagg ~ When all degenerated molecullr sublevels are excited by
and By. The amplitude is proportional toH, and therefore the light linearly polarized parallel to the field, the atomic

the atomic orientation is induced only when the eXtem‘,ﬂorientation of dissociated atoms is induced through the inter-

magnetic field is applied. This is reasonable because the di"€"c€ between the predissociation and the dissociation fol-
, owing the direct excitation to the dissociative state. An ex-

rection of the magnetic field reverses under reflection in th |  field is indi bl ind h .
XY plane, and therefore the atomic orientation proportionaferna magnetic field is indispensable to induce the atomic
orientation in the present case.

to (j) is allowed.

The contributions to the calculatedmj at H=0.38 T
from terms containinge®, B2, %, aB, ay, and By are
listed in Table Ill. The contributions from the? and 2 This work was supported by a JSPS research grant for the
terms are comparable but the one from Bfeterm is small.  Future Program: Photoscience.
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