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Perturbation and Predissociation near the Dissociation Limit of the BII State of 23Na3°K
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The J dependencies of energy and line width of Na®°K BII(v = 30—43,J) — XI=H(" = 2, ")
transitions are measured up to the breaking-off points, where NaK dissociates to thieSNABK (4p?Ps/2)

atoms. Line broadenings are observed for transitions to thfB = 30,J > 42), (' = 31,J = 35), (

=32,J = 27), ! =33, = 14), and ¢’ = 34, all J) levels, and are attributed to the predissociation via
the =" state to the Na(3S,,) + K(4p?Py2) atoms. Thed', J') dependence of the predissociation threshold

is attributed to the potential barrier due to rotation. Below and near the threshold, a series of the perturbation
centers which converge to the predissociation threshold is observed for'eactd the perturbing state is
identified as the & state. Rotational perturbations are observed also above the predissociation threshold,
and the perturbing state is identified as thi#€Ibstate. The line widths are observed to change drastically
around the maximum perturbation, and this is identified as originating from the interference effect which
arises because both théIB and BI1; states interact with the dissociative continuum of tfE*cstate. In

the transitions to levels near the breaking-off points of thH®' > 37), the line splittings into two lines are
observed for eacll. This splitting is identified as originating from tt®uncoupling interaction between the

BT and BII states at a long internuclear distance. Similar line splittings are observed foti{e B= 30,

all ') levels, but are not observed for = 31-36. An accidental coincidence of the level energies of the
BII(»' = 30) and BII(») levels is presumed, and the origin of the line splitting is identified astecoupling
interaction. This is confirmed by the analysis of the hyperfine structures observed for the split lines.
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The BHI state of the NaK molecule is correlated with the
separated atoms NafSs,) + K(4p?Ps). The level energies
of the K(4pPsz) and K(4pPiy,) atoms are, respectively,
13 042.89 and 12985.17 ch! In our previous repoH, 160001
Doppler-free high-resolution spectra of thR', J = 16 and
18) — XI=H(v" = 4, J" = 17) transitions up t@’ = 43 were
measured by the technique of optiealptical double resonance 140001
polarization spectroscopy (OODRP3Y. Remarkable line | Pl
broadenings were observed for transitions higher than the
dissociation energy to Na®y,) + K(4p?Py») atoms, and the 12000}
broadenings were identified as originating from the predisso- . ) . . . ) ) .
ciation to Na(33S,/,) + K(4p?Py2) atoms. The predissociation 1 5 R/A 10
was shown to be caused by the sporbit interaction between
the B'IT and €X* states. However, only two rotational levels  gem-[ g
for eachy', BII(2', J = 16 and 18), were measured in ref 2.
We extended the study and obtained data over a wider range of
the rotational quantum numbdf, and the results are reported
in this article.

At short internuclear distance, there are four molecular states
BT, A'=T, bIT, and é=* correlated with the separated atoms
Na(32S)+ K(4p?P). The potential energy cun/gs® calculated
by the RydbergKlein—Rees (RKR) methddl? are shown in
Figure 1A. Only the curve of the®E™ state crosses with the 'l
one of the BII state at the inner part, where thélBand é=*
states are mixed by the sptorbit interaction. P L

ok . . . — . R'/A
. . L Szt Alz*
At long internuclear distance, the effect of the spanbit

interaction becomes significant, and the electronic states trans-7194reé 1. Potential energy curves of states derived from the Na(3s)
f into Hund’ Th ’ . d ei functi f + K(4p) atoms. The upper trace is the RKR potentials calculated from
orm Into Hund's case C. € energies and eigentunclions 10r e mojecular constants reported in Table 1 fé&FIBin ref 6 for AIZ™,

a given internucler distanc® (>8 A) were calculated by  in ref8 for &S, and in ref 7 for BIT states (full lines; the extrapolated
diagonalizing the energy matrix composed of long-range parts are shown by broken lines). The lower trace is the potential curves
at long internuclear distance, which are calculated by including the
spin—orbit interaction (see ref 2).

Na@B2S:)) + K(4pPP3))
18317 —=

Na(352S;5) + K(407Pyy0)
18259
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TABLE 1: Molecular Constants T,, B,, D,, and H, for v =
3043 of the 22Na’*K B State (All Values in Units of
cm™1)
E/cm™!
IR i v T, 10°B, 10D, 10'°H,
e . ' i ' 30 18 211.803 3.02865 —0.57511 —0.647 25
s L 31 18 227.047 2.88803 —0.650 39 —0.718 81
32 18 241.113 2.72085 —0.556 27 —1.17372
33 18 253.815 2.56292 —0.56658 —1.502 94
34 18 265.204 244198 —1.00509 —0.946 45
| 18300 35 18275788  2.13685 —0.05704  —3.44030
36 18 284.198 212485 —1.32565 —1.479 82
o | 37 18 291.798 191430 -—1.86813 0.905 63
i 38 18 298.140 1.79069 —2.42498 0.485 03
K % L 39 18 303.452 157378 —2.08344 —2.412 65
VA 40 18 307.562 1.42441 —3.84069 10.415 21
VSIS e 41  18310.795  1.21323 —6.87868 52.535 05
/"' S v I 42 18 313.162 0.93048 —2.33457 —7.23157
vt s S s o it 1 43 18314760  0.73168 —1.08490 —63.19745
@.— DQ o F'* d|ssgcnat|on llmlztto L
. P . .
v=ssfl @ P Na(@s"Sva) + K4 1) o250 eachy’ without throwing out perturbed levels, and the results
&8 F I are listed in Table 1.
vzl | At long internuclear distance, thé B, A", b%I1, and 6=+
Il .F" states are strongly mixed by the spiorbit interaction. The
/.." . L wave functions of théll, 3[1, 1=*, and3=* states in Hund's
v=st1f case a are given By
sl "I + »IMO=
0 2000 4000 yr+1)-1 (1/7/2)(110000uIIMCH: |—10000w 00— 1MD) (1)

Figure 2. Term values of the observed levels are plotted agdi(t
+ 1) — 1. The line broadenings are observed for all rotational levels |3H2 + JIME=

of ¢/ > 34 and rotational levels larger thdh for »' < 33. The levels

of J, for v/ < 33 are shown by open circles, which indicate the (1/«/5)(|1D]11D]UEBJ2MD:I: |—1M—-10w00—2MD
predissociation thresholds. The energy of the dissociation limit to the
separated atoms NafSs,) + K(4p?Py1) is shown by an arrow. The

3
perturbation centers which converge to the predissociation threshold | 111 & vJMO=
are shown by open squares. (1/\/2)0 101000 [NAMH: |— 1010000 —1MD)
at variousR were reported in ref 2 (the potential curves are ;
shown in Figure 1B). The outer part of the RKR potential of "o £ vIML=
the BUI state converges to the potential curve of the 1(a) state. (1/x/§)(|1D]1—1E|]vIZIDOMEIi |—10110w0JoMDO (2)
The TI(Q2 = +1) state mixes with thé[T1(Q = 4-1) and3="-
(2 = £1) states by the spinorbit interaction, and the resulting 1<+ +
eigenfunctions were listed in Table V of ref 2. |0 2IME= |07 HO0 IOMO] 3)
3¢t
Results and Discussion "2y £ vIMI=

+ + _ _
We used a technique of the Doppler-free OODRPS, and the (1/«/5)(|O MAQUIMEE 0701100 [0—1MD)

experimental arrangements were the same as in our previousz+ 4

report!! It was estimated from the potential curves of tHé¢1B ﬁ Zo-vIJME= |0” 100w ENOMO (4)
and XI=* stated1?that the levels near the dissociation limit of ) o

the B state could be excited from théXt (v = 2,J") levels. where the basis function is expressed A§SE[[NQML

A pump laser beam was fixed to the center of Doppler-free line The p_erturbation at long internuclear qistance, where the
of a known transition &1(»' = 1,3 + 1 orJd’' or J' — 1) — electronic states are expressed by Hund's case c, can occur

XIzH(" = 2,3") of 22Na®K and was modulated by a chopper. mostly t_)y theSuncoupIing in}eractiormjsor theL-uncoupling
Then, we scanned the probe laser and observed g8 J' interaction Hy.. Nonvanishing matrix elements of thé
+ 1 orJ') — XIZH" = 2, J") transitions of from 30 to uncoupling interaction for the wave functions given by eg<1
above the breaking-off point, where the spectrum became diffuse®'®

and no spectral line was observed. Thié was changed 3 .

successively, and th& dependencies of the energy and line ﬁHz + vIMIH,dTI, £ o IMO=

width of the BTI(v/, J) < XIZH('" = 2, J") transition fors' —DIBIY20+2)J - 1)
= 30—43 were observed. The term value of the observed level,
which is obtained by adding the energy of th&&X(v" = 2,

J') level to the observed transition energy, is plotted against
J(J + 1) — 1 in Figure 2. A number off levels at each’
were observed to be perturbed: energy shifts from the extrapo- IfiZf + vJM|H JSJ323,U'JMD= @Bl 24JIJ+ 1) (5)
lated line positions and/or line broadenings or hyperfine

splittings were observed. Molecular constants are determinedwhereB = h%/872uR?, h is Planck’s constany is the reduced
by a least-squares fitting for all observed rotational levels of mass, andR is the internuclear distance.

O, + vIM|H,J*, + v/ IMO= —3(B|o'[{/2)(J + 1)
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Figure 3. (A) Difference between the observed term valtsg; of the
BII(v' = 31, Je) level and the energ¥.a calculated from the
molecular constants in Table 1 plotted agailidty a filled circle. That

of the perturbing level is plotted by an open circle. (B) The observed
line width of the BII(v' = 31,Je)~— XZ*(v"" = 2,J &+ 1e) transition

is plotted againstl’ by a filled circle. That of the transition to the
perturbing level is plotted by an open circle. The predissociation
threshold is indicated by a broken line. Those of tHEIB' = 31, Jf)
levels are similar.

Nonvanishing matrix elements of theuncoupling interaction
for the wave functions given by eqs-4 are

B0, 4+ vIM[H,, ’2F + ' IMO=
—[|B|v 1L, |0TE/J + 2)0 — 1)

B0, + wIMIH,, 22 v IMO=

—@|B|v' 1L, |07 /23 + 1)

BT, + 2IMH,, ’S] + v/ IMC=
F|Blv' 0-1|L, |07 E/IJ + 1)

B + vIMIH,, 'S5, v/ IMO=
—@|Bly' 3L, |0 /2J(J + 1) (6)

where the relatiord-1|L.|0"0= 3-1|L_|0"0is used.

A. Predissociation to the Na(3%S,) + K(4p2P1;) Atoms.
The difference between the observed term valygof the BTI-
(v = 31, J) level and the energ¥., calculated from the
molecular constants in Table 1 is plotted agailish Figure

Kasahara et al.

enings are also observed for transitions to tAEI@’ = 30, J'

> 42), ' =32,F = 27), (¥ = 33,7 = 14), and ¢’ = 34, all

J) levels. TheEgys — Ecq value for the BII(v' = 33, J) level

is plotted against’ in Figure 4A, and the line width of the
BUI(v' = 33,J) < XI=*(v" = 2,J 4 1) transition is plotted
againstJ in Figure 4B. The term values of the!B(v' = 30,

J = 42), BII(v' = 31,J = 35), BII(v' = 32,J = 27), and
BII(v' = 33,J = 14) levels are, respectively, 18 263.8927,
18 262.2249, 18 261.3186, and 18 259.1568 £mwhich are
marked by open circles in Figure 2.

The dissociation energye of the XI=* state is calculated to
be 5273.716+ 0.019 cnT? from the data of Ishikawa et &t.
By adding the 12 985.17 cm energy of the K(4fPy2) level
to the dissociation energy of thelX" state, the dissociation
limit to the Na(33Sy,,) + K(4p?Py2) atoms is calculated to be
18 258.89+ 0.02 cntl. The line broadenings above the
dissociation limit are identified as originating from the predis-
sociation to the Na(38y,) + K(4p?Py) atoms, which is caused
by the spir-orbit interactionHso between the BT and X+
statess Nonvanishing matrix elements bfso between'II and
33" states aré

B2 0N = JIMHg T + v/ IMC= C, 0 |v'0

B2 uN =3+ LIMHgy'TI — v/ IMC=
C,| o' /(23 + 1)]2

B2 N =J— LIMHe'TT — v/ IM=
C, v I + 1)/(23 + 1)]2 (7)

where C; is a constant[d¢|¢'Ois the overlap integral of the
vibrational wave functions, anffZ*v,N = J or J + 1IMOis
the basis function in Hund’s case b.

The effective potential energy for the rotating molecule of

the rotational quantum numbéris given by?®

V,(R) = V(R h* JJ+1 8

= +——=JJ+

whereVy(R) is the potential energy for the nonrotating molecule.
The effective potential curve has the potential barrier, and the
energy of the last quasibound stable rotational level decreases
with increasing».1®> This is coincident with the observed
results: the last stable levels afe= 41 for v’ = 30,J = 34
for o' = 31,J = 26 forv' = 32, andJ = 13 for ' = 33, and
the term values decrease witti as shown in Figure 2.
Therefore, the observed'(J') dependence of the threshold of
the line broadening (predissociation threshold) can be attributed
to the potential barrier due to rotation.

B. Perturbations below the Predissociation Threshold.A
rotational perturbation, where several successive rotational lines
deviate from the normal position centered at a cerfhifwe
shall call theJ' level with maximum deviation the perturbation
center), appears for a perturbation between bound states. Below
and near the predissociation threshold, a series of perturbation
centers which converge to the predissociation threshold of the
Na(32S,,) + K(4p?Pyp) atoms is observed for each, and
these are shown by open squares in Figure 2. Transition lines

3A. The magnitude of the perturbation can be seen as theto the perturbing levels are also observed. By subtracting the
deviation from zero, and the perturbing levels can be identified energy shift due to the perturbation with thélKz', J) level,
as the ones of a bound state. The observed line width of thethe line positions of the perturbing levels in the absence of

BUI(v = 31,J) — XI1ZH(v'' = 2, £ 1) transition is plotted
against) in Figure 3B. The line width broadens abruptlyJat
> 35, and it changes drastically centeredJat= 41, 54, and

J> 60, where large energy shifts are observed. Line broad-

perturbation are evaluated. The rotational condBant [2|B|v(
is determined to be 0.015 crhfor levels perturbing the BI-

(v =31, = 17-19) levels. Only the &* and A" states
are correlated adiabatically with the separated atoms R&(3s
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T RARAARAN AARARAAAY AR (RARARARL AARRRARAN T It is interesting to note that the line widths are observed to

3 change drastically around the perturbation center. For example,

0.5F 1 the perturbation center is observedat 41 for the BII(v' =

| o ; . 1 31, ) levels (see Figure 3A). The line width is observed to

'TE ] decrease a3 approaches 40 from below; it suddenly becomes
° L . o e a maximum atl’ = 41 and decreases gradually hexceeds

NTN; Ofrerr— p PYYCTYVRE. e vevarsl * 41 (see Figure 3B). Another perturbation center is observed at
|

o i o° N J = 28 for the BII(v' = 33, ) levels (see Figure 4A). The

: ° ] line width is observed to increase dsapproaches 27 from
I : o ] below, and it suddenly becomes very smallJat= 28 and
-05} 1 increases gradually ab exceeds 28 (see Figure 4B). Let us
further consider these phenomena.

sl b b b 1 The eigenvalue and the eigenfunction of tHéIR', J') level

10 20 30 40 50 J' 60 perturbed by the 311(v, J') level are given by
4000 Frrrrrrrrr e e T e . he

E; = (1/2)[Hy; + Hy, EtD\/(Hll - H22)2 + 4H122] (10)

predissociation threshold °
3000 to Na(3s2S1/2) + K(4p?P12) *

P . 1 _ N2 2 2
§ l . ] P, =N {[Hll_ Hy, EH:D\/(HM_ sz) +4H12]¢1+
< : 2H 11
£ 2000 ; 1292 (11)
E " . ] where ¢; and ¢, are, respectively, the wave functions of
3 : . . the unperturbed BI(v/, J) and BIIi(v, J) levels, Hi; and
1000f  ° °.; o T T e ] H., are the energies of the unperturbed levets, is the
B L o et o e e matrix element of the perturbatiof:Cs + for Hy; > Ha, and
.°'..°9..°'°: — for Hi1 < Hoy, and N = 4H122 + [Hll — Hyy 0O
T EEER ANULER R SNETERTETY NN NU RV SRR UESURS SRR RNRTY 0t
0 10 20 30 40 50 J' 60 «/ (H11—H22)?+4H142. Nonvanishing matrix elements bfso
Figure 4. (A) Difference Eops — Ecal Of the BII(v' = 33, Je) level betweer?X* and3Il; states are
plotted againsi' by a filled circle. That of the perturbing level is plotted
by an open circle. (B) The observed line width of thHEB,' = 33, ﬁZ*yCN = JJM|HSO|3H1 — vIM= G, |00

Je)— X1ZH(v" = 2,7 + le) transition is plotted againdtby a filled
circle. That of the transition to the perturbing level is plotted by an _ 3
open circle. Those of the'BI(v' = 33, Jf) levels are similar. ﬁerUcN =J+ LIM|HgTI; + »IMO=
. . 3 vI(2] + 1))
+ K(4p?Py), and only the & state can interact with thelBl
state by the spinorbit interaction. Therefore, the perturbing + _q_ 3
state can be identified as th& state. 20N =3 = LIMIHso T, + vIME= "
For the transition lines to the strongly perturbeH By’ = Claglvli(I + 1)/(2) + 1) (12)
32,J = 10-28) levels, the hyperfine structures are observed _
for the f-components but are not observed for the e-componentsWhereC; is a constant. Both the BI(x', J') and BIly(v, J)
The hyperfine splitting of th&S+ state was shown to be small ~ States can interact with the’x" state through spirorbit
for the e-component and large for the f-comporiénOnly the coupling. o _
e (f)-component of thelll state can interact with the e From eqgs 7, 11, and 12, nonvanishing matrix elements of
(f-component of theé=+ state by the spirorbit interaction. (632" |Hso| @1 Care
Mixing of the 'TT and3X+ states by the perturbation can make et L '
the hyperfine structure appreciable in #h&f-component) level [ N = JIMHg|®,(BTI + o/ IM)[=
but not in theII(e-component) level. This is consistent with —1/2 _ _ > > ,
the identification that the perturbing state is tH&t state. NHHy — Hap &D‘/(Hll Hap)” + 4H, 1Cy ol o' O
C. Perturbation above the Predissociation Threshold. 2H,Cold v}
Above the dissociation limit to the Na@i,) + K(4p2Py)
atoms, the predissociation of théIB state is observed as line @3Z+UCN = J+ 1IM|Hgg®,(B'TI — v/ IM)[=
broadening. In addition to this, rotational perturbations are > > ,
observed. The bound state which can perturb tHa Btate is N q[Hy — Hp, H:D\/(Hn — Hyp)" + 4H,"]C o' Dx
the IFIT state, which splits into 2, 1,"0 and O states at long [3/(23 + 1)]"2 + 2H,,C,0 |23 + 1)V
internuclear distancR® > 8 A. The perturbation between the
BT and BII states occurs by the spitrbit interaction. 3t N — 1 I
Nonvanishing matrix elements bfso betweertIT and3I1 states (272N = J — LIMHsd©,(B T — /IM)=
are?® Nil/z{[Hll —Hy, E“:D\/(Hll - sz)2 + 4H122] Cild ' Dx
(3 + 1)/ + D)]Y2 + 2H,,C,0 oI + 1)/(21 + 1)]*3
(13)

B, + vIM[Hgf'TT — v/ IMO= =000 €) In the region of perturbation between th&Ry', J') and BIT;-
(v, J) levels, the overlap integrél’|vCof the vibrational wave
where(¢ is a constant. Therefore, the perturbing state is the functions is of appreciable magnitude, and thus both vibrational
b®I1; state. wave functions|s’Oand |vOcan have overlap integrals of

BT, — vIMHg'TT + o/ IMO= —E@|v'0
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appreciable magnitude with the vibrational wave functiayil
of the dissociative continuum of théX:" state.

The rate of predissociation, hence the line width, of the
perturbed level is proportional e3>+ |Hso®10R. If Hyp is
negative, the coefficients @f; and¢- in the eigenfunctionb;
of eq 11 are of the same sign on the low-energy side of the
perturbation center (in the regioHi1 < Hy). Then, the
perturbation betweerPE" and¢; and the perturbation between
c3=* and¢, contribute constructively to the predissociation rate.
The predissociation rate will increase &sapproaches the
perturbation center from the low-energy side. Above the

Kasahara et al.

could observe the rotational levels up to the breaking-off point,
we would be able to calculate the energy and internuclear
distance of the potential maximum. The highest rotational levels
areJ = 58 for v’ = 34 andJ' = 55 for ' = 35, and the level
energies are, respectively, 18 333.3938 and 18 330.9074. cm
Using eq 14, the potential maximum is calculated to liRat
12.7 A forY = 55-58. The highest rotational levels afe=

49 for v’ = 36 andJ = 45 for ' = 37, and the level energies
are, respectively, 18 326.0361 and 18 324.0534cnThen,

the potential maximum is calculated to lieRi= 14.9 A forJ

= 45—49. The potential maximum moves to smalRias J

perturbation center (in the regidty; > Hyy), the coefficients increases. The line width is observed to increase as the highest
of ¢1 and¢, become of opposite signs. Then, the perturbation rotational level is approached. The line shape is observed to
between & and ¢; and the one betweens¥"™ and ¢, be non-Lorentzian, and it contains the hyperfine splitting.
contribute destructively to the predissociation rate. The pre- Therefore, it is not possible to evaluate the rate of the rotational
dissociation rate abruptly becomes very small just above the predissociation from the line width.

perturbation center and it gradually increases toward higher In the transitions to high vibrational levels' (= 37), two
energy. This is the case of = 33,J = 15-40 (see Figure lines are observed for each (see Figure 2), in which one is
4). If Hip is positive, the coefficients op; and ¢, in the strong and the other is weak. The weak component is
eigenfunction®; of eq 11 are of different signs on the low- considered to have been allowed by the perturbation at long
energy side of the perturbation center. The perturbation betweeninternuclear distance, and therefore it is appropriate to discuss
¢+ and ¢, and the one betweemX:" and ¢, contribute in Hund'’s case c basis. The perturbation between the 1(a) and
destructively and the predissociation rate decreases) as 2 states, whose potential curves are very closR at 10 A
approaches the perturbation center from the low-energy side.(see Figure 1B), may be the cause of the line splitting. The
Above the perturbation center, the perturbation betwéari ¢ eigenfunction of the 1(a) state is a mixture of the basis functions
and ¢, and the one betweerX" and ¢, contribute construc-  |*TI0and|3[1;CP The perturbation between the 1(a) and 2 states
tively. The predissociation rate will abruptly become a maxi- can occur by thes-uncoupling interaction (see eq 5), and the
mum just above the perturbation center, and it will gradually magnitude is proportional td?|B|v'03/2(3+2)(@—1). The
decrease on the high-energy side. This is the casé=®f31, magnitude of#|B|+/Cimay be insensitive td at high', because

J = 35-50 (see Figure 3). The sign &f;» changes by the  the vibrational wave functions can overlap constructively at long
sign of the overlap integral’|oL] The observed drastic change internuclear distance and the effect of rotation is small at large
of the line width around the perturbation center can be explained R, The Suncoupling interaction is expected to become strong

by this interference effect.
At o' = 33,7 = 30, three lines of the samk are observed
(see Figure 4A). Théll state is composed 6115, 3I1;, and

asJ increases; this is consistent with the observed result that
the line splitting increases with. The reasons why the line
splittings are observed for almost dllwill be that the energy

%I, and the eigenfunctions of the perturbing levels can be a spacing between the vibrational level¥TH1(a)](+") and BI1-
mixture. The mixed components can interact with tAEIBtate [2](v) is small at highs' = 37 and the perturbation occurs at
by Hso, and as a result three lines for a givémay be allowed. long internuclear distance.

D. Perturbation near the Dissociation Threshold. By E. Line Splitting of the BMI(¢' = 30,J') Level. The line
adding the 13 042.89 cmh energy of the K(4¢Ps) level to splittings of the BII(v' = 30, J) levels are different from the
the dissociation energy 5273.7460.019 cm! of the XI=* ones of thes’ = 31—36 levels. The splitting is observed for
state, the dissociation limit to the NafSg,) + K(4p?Ps,) atoms almost allJ, and the magnitude of splitting increases with
is calculated to be 18 316.6% 0.02 cnt!. Therefore, there (see Figure 2). We have confirmed that such a splitting is not
should be transition lines up td = 44 (smallJ) as we can observed for' = 29 by choosing severdl levels. Since the
estimate from the plots of Figure 2. However, we could not splitting is observed for both above and below the predissocia-
identify those with confidence because the intensity became tion threshold, the perturbing state must be a state correlated
weak and the signal became comparable with noise. A numberwith the separated atoms NafSg;) + K(4p?Psz). The
of transitions to levels above the dissociation limit are observed. perturbation is presumed to occur at long internuclear distance
The rotational levels separated from the dissociative state by abecause the splitting is observed for almostialllt can occur
potential barrier due to rotation are metastable. Dissociation by theS-uncoupling interaction, and the perturbing state is either
through the tunneling effect, which is called rotational predis- the 2 state or the®0(a) state as we can see from eq 5. The
sociation, can occur below the maximum of the effective hyperfine structures are observed in both of the split lines, and
potential curve and the transition line to such a level may be some of those are shown in Figure 5. Such hyperfine structures
broad and weak. Therefore, the true breaking-off point must are observed for both the e- and f-components.
lie above the highest observed rotational level in each vibrational The de Broglie wavelength, from which we can make a
level. The highest rotational levels are observed to decreaserough estimate of the wavelength of the vibrational wave
both in energy and' asv' increases (see Figure 2). The energy function at a given kinetic energy, for the kinetic eneigys
difference between the highest observed rotational levllEB  given by
(va Ja) and BTI(vp, Jp) for va = vy is given by

A = h(2uK) ™ (15)
2
E(v,dy) — E(v,,dy) = ?—[Ja(Ja+ 1) — 33, + 1] (14) wherey is the reduced mass 8INa*°K. At K = 50 cth, A
8u is calculated to be 0.96 A fo¥Na3%K. The overlap integral

@|v'Obetween the vibrational wave functions of the 2 and 1(a)
states at a given enerdyis expected to be large faf > 30,
because the vibrational wave functions around the outer turning

where the potential maxima fdg andJ, are assumed to lie at
about the sam® value, which holds ifl, is close toJ,. If we
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points are expected to overlap constructively. On the other hand,
the overlap integrala|' Cof the vibrational wave functions of
the Ot (a) and 1(a) states aroufio= 18 220 cn1lis presumed

to be small, because the vibrational wave functions around the
outer turning points are expected to overlap destructively
because the wavelengths of the two vibrational wave functions
are different at the overlapping region. Therefore, the perturbing
state is presumed to be the 2 state.

In order to have a significant mixing, the energy difference
between the two perturbing levels must be smaller than the
perturbation energy. Therefore, it is presumed that the energy
of the BII[1(a)](x' = 30) level is accidentally coincident with
the one of 2¢) level. The energies of the'Bl[1(a)](v' = 31—

36) levels are probably not coincident with those af)2¢vels,
and this may be the reason why line splittings, similar to the
ones observed for theH[1(a)](z' = 30, J) levels, are not
observed in these levels.

Nonvanishing matrix elements of the hyperfine interaction
due to the magnetic dipole interactiblyp(1) with the nuclear
spinly in the 311 state are given By

BI1, + v, F,Mc |H,y,o (1P, + 231, F, M, (=
1 171ViE P mD 1 171Vig,

[l

433 + 1)G(1)

BT, + 2J1,F ;Mg [Hyo (DT, £ 2J1,F Mg 0=
1 1
F ]| ——— —_—
T 2v2303+ 1) 2J3+1)
1

V2JJ+1)

K1) + G(1) +

D(L;1+ 1)

(M, + 231,F; Mg [Hyo (DT, + 2J1,F, Mg 0=
1

8yJ(J+ 1)
B, £ v3L,F;Me [Hyo (1)1, + 231,F; Mg 0=

Ja-1@+2)

8JJ+ 1)

[F,JI,] [K(1) — D(1;1+ 1) + v/6D(1;1 — 1)]

[FI14] [K(1) — D(1;2+ 1)] (16)

where F1Jli] = Fi(F1 + 1) — JJ + 1) — Ii(l1 + 1). K(2),
G(1), andD(1;1 + 1) are constants which arise, respectively,
from the Fermi contact interaction, the nuclear sgafectron
orbital angular momentum interaction, and the nuclear-spin
electron spin dipole interaction. The nuclear spind3hfa and
3% atoms are both 3/2. The quantum numbegrof the total
angular momentum takek+ 3/2,J + 1/2,J — 1/2, andJ —
3/2 for a givenJ. Therefore, the splitting into four lines (see
Figure 5) can be identified as the hyperfine splitting. This
splitting may be originating mainly from the Fermi contact
interaction with the nucleus @8Na, because the3H state is
correlated with the separated atoms N&&3s) + K(4p2Psp).
The diagonal matrix elements are proportional tbfor large
J, and become small akincreases. If théll; and®I1, states
are mixed, as is caused by ti$uncoupling interaction, the
matrix eIementBHl + UJ|1F1M|:1|HMD(1)|3H2 + UJ|1F1M|:1|]
gives the main contribution. The wave functiofEl+0and
|*IT—0are, respectively, the f- and e-components. The mag-
nitude becomes constant at largieand hyperfine splitting is
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Figure 5. Some of the observed OODRPS spectra of the split lines of
the BII(v' = 30,Je) — X=Z*(v" = 2, — 1e) transitions.

energy and the line splitting is caused by tB@&ncoupling
interaction between these levels at a long internuclear distance.

Conclusions

OODRPS technique has been used to examine'thadJ'
dependencies of energy and line width of #sa®*K BT —

XIZ* transitions up to the breaking-off points, where NaK
dissociates to the Na(®y)) + K(4p?Ps;) atoms. OODRPS

is a very powerful method which enables us to observe
transitions from a selected level at high resolution and high
sensitivity. Line broadenings are observed for transitions to
the BII(v' = 30,J = 42), ¢/ =31, = 35), ¢’ = 32,7 =

27), @ = 33,F = 14), and ¢' = 34, all J) levels, and are
attributed to the predissociation via thé=t state to the
Na(32S;,) + K(4p?Py,) atoms. Rotational perturbations are
observed above the predissociation threshold, and the perturbing
state is identified as thé'li; state. The line widths are observed
to change drastically around the perturbation center, and this is
identified as originating from the interference effect which arises
because both the Bl and BII; states interact with the
dissociative continuum of the’E™ state.

When optical transitions from an initial state to both a discrete
level and the continuum are allowed, an interference effect
depending on the relative signs of transition moments is
observed as an asymmetric line broadening, which is called Fano
profilel” The interference effect found in this work is another
kind of interference in predissociation. When two bound states
are mixed by perturbation and both the bound basis states
interact with a dissociative continuum, the interference effect
in predissociation appears. In the case that an optical transition
is allowed to only one of the bound basis states, this effect can
be observed as a drastic change of the line widths around the
perturbation center between the bound states. Such an interfer-

expected to occur both for the e- and f-components. These areence effect is universal, and it would be important for further

coincident with the observed results. We conclude that #h& B
[1(@)](' = 30) and 2¢) levels are accidentally coincident in

understanding of chemical reactions. The present work is the
first finding of this phenomenon as far as the authors know.
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