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Collision-induced transitions between the Zeeman-splitJ,m) levels of RU(5 2P, 52P5»)
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The collisional dynamics of the Zeeman-split levels of RBP,,, 52P3),) has been studied in the presence
of a strong magnetic field1.65 T) using steady-state, spectrally resolved laser-induced fluorescence tech-
niques. State-to-state cross sections for transitions betwden) (levels ranged from 1610 % to 2.5
X 10~ cn? for collisions with nitrogen and rare gases. The cross sections indicate a significant dependence
on (J,m) states and certain symmetry relations suchcé3,m—J,m’)=0¢(J,—m—J,—m’) and o(J,m
—J,’m)=0(J,—m—J’,—m) are demonstrated. The results also agree favorably with theoretical predictions
of the relative decay rates for orientation, alignment, and octupole moment. The cross sections for rare-gas
collision partners scale with polarizability as predictE81050-294{8)02709-1

PACS numbd(s): 34.30+h

[. INTRODUCTION The current work provides the cross sections for the six Zee-
man substates of Rb@?l,zs,?) upon collision with N, He,
The collisional dynamics of Zeeman split sublevels of theNe, Ar, Kr, and Xe for a magnetic field of 1.65 T and is
excited °P states of alkali metals has been studied extenanalyzed to verify symmetry and scaling predictions.
sively[1,2] primarily using optical depolarization and Hanle- ~ The spectroscopy and collisional processes %@tb are
effect technique$3—13 and, to a lesser degree, via fluores-illustrated in Fig. 1. The fine-structure splitting is 237.6¢m
cence monitoring of individualX,m) populations[14—21.  and produces the two promineB; and D, lines near\
The depolarization techniques do not provide a unique de= 794.7 nm and\=780.0 nm, respectively. Transfer be-
scription of the state-to-state transition rates for the completdveen these tw@P, states has been studied extensively for
2p,,,, manifold[14—16. Usually, certain symmetry relation- & varlety of collision partn.er522—24. The hyperfme st.ruc'-
ships[17,20 between the state-selective cross sections arf!® iS also well characterizd@] and the splittings are indi-

employed to reduce the number of independetft,m cated in Fig. 1. In the presence of a magnetic field, the
—.J’,m’) cross sections to be determined ' degeneracy of thd states is removed and the strong field

The fluorescence monitoring of all the individuP (1.65 ) limit is shown on the right-hand side of Fig. 1. Also
. . 9 S -am o indicated are typical kinetic processes, including collisional
populations can provide a complete determination of th

] 3 m tion€ld 15, but . ¢ Yransitions  between Zeeman-split  substates;(J,m
o Mm=J,m ) cross Sec ion$14,19, bu requires strong —J,m’), collisional transitions between fine-structure lev-
magnetic fields and high spectral resolution. For exampl

o €els, o(J,m—J’,m’), collisional quenching of théP mani-
the Zeeman splitting of the RER3y,) levels for a 2-T mag- 1o/, 04(*P3m—2S), and spontaneous radiative transitions,

netic field is B uggs,=1.3 cmi L. Since the fine-structure A(?P; —2S;5,w). The spontaneous emission rates for the
splitting of Rb(5?P) is moderate, 237.6 cnl, transitions ’ '
between the’P,,, and 2P, states induced by rare gases are i
relatively slow. However, collisional transfer between these Rb — 3] "
fine-structure levels for molecular collision partners is rela-_,, g 2706 MHz T
tively rapid[22] and the collisional manifold includes all six

Zeeman substates. By optically pumping ea?d?b,m state
(the parent stajeand monitoring the fluorescence from all
the resulting collisionally populatedP ;. states(the sat- =12
ellite state as a function of buffer gas pressure, the com-$*: Tz 1y | Bug - 16280 Mie cOmIEZIRAD
plete set ofoc(J,m—J’,m’) cross sections is determined. m=12
Such fluorescence monitoring studies have been performe

32

15752 Mz £ _ Bhgg, = 32,630 MHz (/2,112 % 3/2,-3/2)
F~ m=-1/2

L =-3/2

for Na(32P) [14,15, K(4 ?P,52P) [16-19, and Rb(&P) p| D,
[20] collisions with rare gases. The dependence of the he
lium collision cross section on magnetic field strength for the P2 >*S)
pair of Rb(5?Py,,) substates has also been examifiad. - m=+172
5381, Iesmasw—h _ Byigg, = 48,897 MHz AP, > )
m=-1/2
*Present address: Laser Devices Division, Phillips Laboratory, s s Zeeman (163 Kinetcs
PL/LID, Kirtland AFB, NM 87117-6008. FIG. 1. Energy-level diagram fé¥Rb, indicating fine-structure
TAuthor to whom correspondence should be addressed. FAX(FS), hyperfine structuréHFS), and Zeeman splitting in a 1.65-T

(937)-255-2921. Electronic address: gperram@afit.af.mil magnetic field.
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TABLE |. Theoretical line strengthd, for 2P; ;,— 2S5, [26]. (1/2,4/211/2,.10)
4 T T T T T
(3,m) Pym—2Si 12 Py m—2Si-12

Pii 12 4 4 2 sl .

P12 4 4 5

Py a2 6 g

2P3/2+1/2 8 2 < 2 (12,125 112, +1/2) 4

P31 2 8 f;' A

2P3/2,3/2 6 g nl (1/2,+1/2-»1/2,+1/2:5 ) |

: = ‘ v o/
= 24125 172, -172)]
D, andD, lines are 3.7&10’ s™* and 3.56<10’ s %, re- 0 ' a— X
) . ) . 794.65 794.70 794.75 794.80 794.85 794.90 794.95
spectively[25] and the theoretical line strengths are provided
in Table 1{26]. (a) Wavelength (nm)
25 T T T T T
II. EXPERIMENTAL APPARATUS (3/2.-1/2—»1/2,-l/2)

(31241125172, +1/2)

n
o
T

The experimental apparatus for measuring the cross sec-
tions for collision-induced transfer between the Zeeman-split
levels is depicted schematically in Fig. 2. A Spectra-Physics
15 W argon ion laser was used to pump a tunable Coherent
899 Ti:sapphire ring laser. The ring laser power was limited
to less than 100 mW to avoid saturation effe[23]. The
ring laser has a frequency stability and linewidth ©0.5 e . . 1
MHz. The rubidium cell has been described in detail previ- CPes0  Ti995 78000 78005 76010
ously[22,35 and consisted of a rectangular glass fluorocell
with a 1-cm and a 2-cm path length maintained at a tempera-
ture of T=330 K. The laser beam was positioned 1-2 MM g 3. Emission from(a Rb (52Py,,) and from (b)
from the fluorescence observation window, ensuring no oprp (52Py,,,) after laser excitation of theSy;,_1,—2P s 11
tical trapping for typical Rb concentrations of about transition for a nitrogen buffer gas pressure of 1.2 Torr. The spec-
10"’ torr [22,35. The cell and a rubidium break-seal ampule trally resolved emissiofi]) and a fit of the synthetic spectra of Eq.
(99.8% pure with naturally occurring isotopic concentra-(1) (—) are shown in both plots. The peaks are labeldtnt’
tions) was blown onto a glass valve. The addition of &hd  —J",m") for emission transition$P;: ,—2Sy . The spectra
rare gase$>99.99% purity was controlled by a precision are consistent with a magnetic field of 1.65 T.
variable leak valve. Buffer gas pressure changes of up to 10
torr were measured with an accuracy of better than 1 mtoreach peak in the spectrum. The magnetic field was produced
with an MKS model 390 capacitance manometer. by a Lake Shore electro-magnet. The magnet’s poles were

The laser was tuned to one of the six alloweXih{=0, 2.54 cm in diameter and the separation was 2 cm. The mag-
*1) 2Sy5m-2P; m transitions and the resulting fluorescencenetic field uniformity is better than 10% of the central field
was coupled into a 1.3-m monochromator and monitored viavithin a diameter of 2.5 cm. The magnet was operated at 80
a thermoelectrically cooled RCA C31034A-02 photomulti- A, which resulted in a field strength of 1.65 T.
plier tube and photon counting system. The resolution at Scattered laser light transmitted through the monochro-
A=780 nm wasAA=0.012 nm, which is sufficient to resolve mator at the parent wavelength was small, typicatl¥5%.

Temporarily turning the magnetic field off shifts the absorp-
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Power meter tion feature away from the laser wavelength and allows for
1] correction to the spectrum for the effect of scattered light
Vacuum & Gas [27]. Total fluorescence was also detected to monitor the
Handling ~— stability of laser power and frequency.
13m ®> x || lll. RESULTS
Monochromator B
The resolved fluorescence after laser excitation of
Photon PMT Rb Cell Rb?S,/, 1/5—2Py, 15 for 1.2 Torr of nitrogen buffer gas
Counter is shown in Fig. 3. The emission from the laser pumped
lm 2P1/2,m manifold[Fig. 3(a)] indicates two prominent spectral

features arising from transitions between the parent state to
the pair of Zeeman-split ground states?P1,2,_1,2
| Ar Laser HRing Laser I — —2S)5 _1pand 2Py 1;5—2Sy 215, and two weaker satel-
lite lines due to emission from the collisionally populated
FIG. 2. Spectrally resolved laser-induced fluorescencezPl,zyl,z state. The theoretical line strengths of the two lines
apparatus. from the parent state are equal, and the observed relative
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intensities reflect a polarization dependence on the transmis- 0.0 0.15
sion of the grating monochromator, as discussed below.
Variations of up to 10% in the relative detectivities were
sometimes observed, as shown by the deviation from fit and
observed spectra in Fig.(&. The spectrum shown in Fig.
3(b) indicates a significant probability for collisional transfer
to the 2P3,, manifold as well. In this case, six optically
allowed transitionsAm=0,* 1, from 2P, to 2S5, are
observed. The two strongest features invama=0. 0.01 4 - 0.03
To accurately determine the relative populations within
the ZPJ,m manifold from the spectra of Fig. 3, we fit simu- 0.00 ¢ , , , 0.00
lated spectra to the observed spectra. Figure 3 also shows | 00 04 0.8 12 16
simulated spectrum based on a convolution of Gaussian N, Pressure (Torr)
peaks:

0.05 1 ¢ 0.12

0.04

ol
e
@

2
N( P112,+112)I N(2P1IZ,-112)

0.03 4
z 0.06

NPy ) I NCPs 1)

FIG. 4. Population in the satellite level$0) 2Py 15, (O)
2 2 2 2 i
Pa2320 (&) “Paizi20 () “Pajz 172, and(V) P52, relative
(M) =1+ igl Lig(N; N, AN), (D) to the population in the parentP,, 1, level as a function of
nitrogen buffer gas pressure. A least-square fit of the @atato
wherel, is the constant baseline signg\;\;,A\) is the IZEq. 8) is shoyvn for .each satellite level. The populapon in the
Gaussian line shape, 2"1/2,1/2 Ieve_l is considerably larger than the pqpu_latlons_ in the
P32m manifold, and a secondary scale for thexis is provided
41n 2) 172

N2 ) ;{ " Z(M()\i_)\)” for the (O) 2Py 155 level.
——lexg—4In2 ———| |, P ; itati
iy CAX NAN The population in the satellite levels after excitation of the

, _ _ _ , 2S1/» _17—2P1 _ 1) transition is shown as a function of ni-
I; is the intensity of théth spectral line=f;diN(*Py,m); , d; trogen pressure in Fig. 4. Note that the probability of transi-
is the relative detectivity for théth spectral ling(linear or o to the 2P, manifold is somewhat less than that for the
circular polarization, f; is the line strengthith spectral line, tansition to the other Zeeman-split substate within the
as given in Table IN(*P; ); is the population of the emit-  pumped 2P,,, manifold. Similar data were recorded after
ting state corresponding to thth spectral linej, is the line  |aser excitation of eachP, ,, state. To extract the transition

at half maximum(FWHM)], common to each line, and i Fig. 1 is analyzed:

=4 or 6, for the?P,,, or 2P, manifold, respectively.

n

The line positions);, particularly their separations, are Rb(%S,,) +hvp—RO(*P; ), (2
determined by the magnetic field stren@@hThus, the line 5 )
positions may be defined by a single fit parameter. The line- RB(“Pj,m) +M—Rb(“Pyr ), ©)

width A\ is instrumentally limited and common for each 2 2
spectral line. The ratio of detectivities for linear and circu- RO(“P; m)+ M—RO(“Sy)), 4
larly polarized light was determined independently dgs, Rb(2P, .)—Rb(2S,,,) + hv (5)
=2.5[27] and the spectral fits were constrained to this value. Jm Y '

Therefore, the fit parameters for the spectral simulation arevhere 2P ., denotes the laser prepared parent st®g,

(1) the populations of the emitting IeveIN,(ZPJ,m), (2) the  denotes the collisionally populated state monitored by fluo-
linewidth A\, (3) the magnetic field strengtB, and(4) a  rescence, ant=N,, He, Ne, Ar, Kr, or Xe. The rate of
constant baseling,. populating a satellite level is

d[Rb(2P;:
%ﬂ,—[wzmm)]w]— ks+kJM]+ X kg(3',m' —J",m")[M][RB(?Py )]
\]”,m”
+{ > kg(J",m"HJ',m')[M]][Rb(ZPJ,,,m,,)] (6)
J’'.m”"#J,m

where the rate coefficients are related to the cross sections of Fig. 1 by
k3(J,m—J ,m=0(J,m—J",m")g, keJ,m)=04(?P;n—3290,
ks(J,m)=A(*P; n—29),
9=8kgT/ 7,

whereg is the relative collision speed. Solving E®) under steady-state excitation conditions yields
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TABLE Il. Cross sections for transitions between Zeeman-splitzRQ(n) Levels induced by collisions
with N, o(J,m—J",m’) (10 ¢ cn¥).

(J!’ml): (Jl,m!): (Jr’mr)z (J’,m’): (Jr’m!): (‘]I,m!):
(J,m) (8/12,4+3/2) (3/2,+1/2) (3/2,—-1/2) (3/2,—3/2) (/24172 (1/2,-1/2)
(3/12,4+3/2) 75 *9 57 £8 37 4
(3/124+1/2) 90 *5 59 *+2 73 =7 15+2 14+1
(312,~1/2) 71 *5 61 *2 82 *+6 13+1 15+1
(312-3/2) 40 +8 52 +6 66 +6
(/24172 4.7£0.3 5.0:0.2 5.2:0.1 5.5t0.2 32+3
(1/2,-1/2) 5.4+0.2 5.1+0.2 4.9-0.2 4.70.2 331
NPy m) a(J,m—J",m")g[M]
N(°P; ) N(?P 1) '
APy =29+ oI M)+ Y o3 m =Y M)~ > a(J",muJ',m’)—(zJ'—m g[M]
’ ‘]Hyml! J",m”#:J,m N( PJ,m)

)

The last term in the denominator represents multiple colli<the parent level. By temporarily reducing the magnetic field,

sions that populate the observed level other than directlyhe rubidium absorption feature was detuned from the laser

from the parent state. Such processes are negligible at loexcitation frequency and a fluorescence spectrum consisting

pressures, sincBl(?P . )/N(*P; ) is small. In previous of scattered light only was recorded. This scattered light sig-

alkali-metal Zeeman transition studigist, 16,20, Eq.(7) has  nal was then subtracted from the rubidium emission spec-

been analyzed including only the first term in the denominatrum [27]. The scattered laser light was most severe for the

tor, leading to a linear scaling with pressure. Significant curweaker excitation of2P3,2,i3,2. Uncertainty in this correc-

vature is evident in Fig. 4 and the pressure-dependent ddion was typically<5% and always less than 15%.

nominator is required for the present analysis. Often the ratio The rare-gas data have been analyzed in Table Il with

N(?Py m)/N(?P;.m) in the multiple collision term is ne- certain constraints on the relative cross sections, as discussed

glected or assumed to be approximately independent of prefelow.

sure[28], yielding the functional form

IV. DISCUSSION

NPy ) __a[M] o - | |

N(°Pym)  1+b[M]’ 8 A. Examination of detailed balancing, symmetry,
: and scaling relationships

where the fit parametera=go(J,m—J",m")/A(*Py/ The cross sections for nitrogen as reported in Table I
—28), specifies the desired collisional cross sections irobey the principle of detailed balancing:
terms of the known radiative rates. Such fits are shown with
the data in Fig. 4 and the resulting cross sections are reported o(Jm—J'\m’) _ &) ex;{ Em~ 8J’,m') ©)
in Tables Il and Ill. The quoted error bounds reflect one o(J',m—=J,m) \gy kgT '
standard deviation in the fit parameters. These statistical er-
rors range from 5% to 15%, depending on the intensity of théThe average detailed balancing ratio withirf@; manifold
relevant spectral feature. The combination of the weaker exreported in Table Il is 0.980.22, which compares favorably
citation of theAm= =+ 1 transitions to’P5,, and slower rates  with the predicted value 0.98-0.99, depending on the size of
for AJ+ 0 transitions prevented an accurate determination oAm. Similarly for the cross sections involvingJ+0, the
the missing cross sections in Table II. average observed detailed balancing ratio is #.8®3,

The primary source of systematic error is the detection otompared to the predicted value of 0.36. The cross section
scattered laser light at the same wavelength as emission frofor the transition®Ps, 35— %P3 12 iS low relative to the

TABLE lll. Cross sections for transitions between Zeeman-splitZleg(n) levels induced by collisions
with rare gasesg(J,m—J’,m’) (10 %6 cnd).

Transition He Ne Ar Kr Xe

(3/2,1/2-3/2,~1/2) 34+ 4 50+ 3 109+13 109+13 115+14
(1/2,1/2-1/2,~1/2) 161 24+ 5 34+ 5 34+ 5 39+ 4
(3/2,3/2-3/2,1/2) 64-7 150+26 248+23 248+23 224+28

(3/2,3/2-3/2,— 1/2) 75£9 131+13 223+29 223+29 243+36
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TABLE IV. Symmetry relationship of Eq10) observed for N TABLE V. Comparison of observed and calculated multipole

collisionso(J,m—JI,m')/ o(J,—m—J,—m’). scaling relationships.

(J,m) m’'=3/2 m’'=1/2 m=-12 m'=-3/2 Experiment Theory

(3/2,3/2 1.14+0.17 1.16:0.20 0.93:0.21 Relative

(3/2,1/2 1.10+0.10 0.920.05 1.03-0.12 cross sections N(present (He) (Ref.[8]) (Ref.[29]) Ref.[30]
03,)/(;(3}; 1.29+0.16  1.25-0.09 1.24 1.22

2Py 117 2Py 1/ transition. However, the uncertainty in ‘73/2/‘73/2 0.98£0.10 113 112

the observed values are also larger than typical. oPlofh  1.3120.19 1.10 1.09

Due to the small Zeeman splitting, it has been argued that

a symmetry in the mixing cross sections, . .
For the rare-gas collisions reported in Table Ill, the rela-

(10 tions (9)—(11) have been employed in analyzing the data,
and only the reduced set of independent cross sections are
reported.
Scaling ratios have also been computed for multipole re-
laxation rates assuming no change in nuclear moment and a
van der Waals collision interaction potentj29] (Table V).

c(J,m—=I,m)=0c(J,—m—J,—m’),

should be observefll7]. The cross sections observed for
nitrogen obey this relationship, within the 5-15% error
bounds, as demonstrated in Table IV. Similarly, the relationy

ship The data reported in Table Il can be transformed to these

cross sections for multipole relaxation using the relationship
o(J,m—=J' m=0o(J,—m—J',—m) (1D (11) to yield [20]

has been employed to relate multipole relaxation cross 01,2 20(1/2,1/2-1/2,—-1/2), (12

sections to the Zeeman mixing cross sectitﬁﬂ@] The

cross sections for the2P3,21,2—> P11 and P3,2 12 0(3}%_(1/5)0(3/2’_1/2H3/2’1/3

—2Py, 1, transitions are (]_52)><10 16 cm2 and (15

+1)>< 10*lG c?, and for the 2Pyj;17—2Pgp1, and +(8/5)0(3/2,—3/2—3/2,1/2

2P /> 115—2P3)_ 15 transitions are (5.80.2)x 10~ 16 cn? 3
and (4.9-0.2)x10 *cn?, in very good agreement with +(9/9)0(3/2-3/2-3/2,3/2
Eq. (12). N _ +(2/5)0(3/2,3/2-3/2,1/2, (13
The state-to-state Zeeman transition cross sections have

been reported for the higher-lying Rb{B) levels for colli- (2)_ _ n
sions with He, Ne, and Ar using pulsed excitation and a %2~ 20(3/2~312-3/2,1/9 +20(312.3/2-3/2,1/2,

: P 14
scanning Fabry-Ret interferometer to resolve the fluores- (149
cence[20]. The reported cross sections exhibit significant (3)_
deviations from the principle of detailed balancing, and the 03,=(9/9)0(3/12,~ 1/12—3/2,1/2)
uncertainty in the observed cross sections of 20-50% is in- +(2/5)0(3/12,—312—3/2,1/2
adequate to provide a similar test of the symmetry relations
(10) and(11). +(1/50(3/2,—3/2—3/2,3/2

8 +(8/5)0(3/2,3/2-3/2,1/2. (15
7 < 300

s 6 & 250 -

Ty £ %

m (3]

T © 200

< 4 5

) 3 p@ELE

© o € {)

21 v S 100 é

8 o 1
16 ‘ : £
0.0 0.5 1.0 15 2.0 = 501
B (T) ©
FIG. 5. Cross sections for transfer between Zeeman-split levels o0 08 10 8 20

as a function of magnetic field strengtfi®) Rb-He for o(1/2, 215 (10724 cm3)2/5
—1/2—1/2,1/2),(V) Rb-Ar for o(1/2,~ 1/2—1/2,1/2),(0J) Rb-Kr
for o(1/2,—1/2—1/2,1/2), (<) Rb-Ne for o(3/2,1/2-3/2,—3/2), FIG. 6. Dependence of Zeeman transfer cross sections on polar-

and(A) Rb-Ar for o(3/2,1/2-3/2,—3/2). The data for 1.65 T are izability for rare-gas collision partner$O) o(3/2,3/2—3/2,—1/2)
from the present work, for 0.11 T from Rd8] and for zero field and(®) o(3/2,1/2-3/2,—1/2). A linear regression with zero inter-
from Refs.[4] and[6]. cept(—) is also shown for each case.
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TABLE VI. Comparison of pressure broadening, Zeeman, and fine-structure mixing cross sections.

o(10 *® cn?) 2Py,

Collision Pressure Zeeman Quenching
Partner,M broadening (1/2,1/2-1/2,—1/2) Fine structure 2p_,2g
He 52 16 0.072
Ne 54 35 0.0014
Ar 134 24 0.00051
Kr 157 34 0.00036
Xe 189 39 0.00034
H, 34 10. 6
D, 39 21.4 3
N, 106 33 13.2 58
CH, 151 29.5 <1
CFK, 174 9.5

(10728 cn?) 2P,
Collision Pressure Zeeman Zeeman Quenching
partner,M Broadening  (3/2,1/2-3/2,—1/2) (mean Fine structure ’p2s
He 55 34 58 0.105
Ne 54 50 114 0.0022
Ar 130 57 113 0.00073
Kr 158 109 193 0.00045
Xe 189 115 194 0.00049
H, 34 13.9 3
D, 39 29.8 5
N, 106 59 74 18.4 43
CH, 151 41.0 3
CFK, 174 13.2

The ratio of misalignment to disorientation cross sectionsever, Kedziersket al. [21] report an absolute value for this

o@locl), using the present nitrogen data, is 1AR16,  cross section of 5:810 ¢ cn?, which is significantly less

which agrees favorably with a previous observation forthan values shown in Fig. 5 of (11.5-16:6)0 ¢ cn?.

Rb(52P)-He of 1.25+0.09 and similar values for other rare- The cross sections exhibit a considerably stronger depen-

gas collision partnerg8]. Several theoretical predictions for dence on magnetic field for higher mass rare-gas collision

this ratio have been reported as 1.15-1[29-34. The  partners, and for transitions within s, manifold.

cross sectiow3) is usually not determined from depolariza-

tion experiment$8], but may be computed from the current C. Rare-gas collision partners

N, data asof)=(259+ 15)X1071(_3 c?. This result is 15— The cross sections for transitions between Zeeman-split

20% larger than the value predicted theoretically from thgeyels depend on the polarizability of the rare-gas collision

ratios o)/ o= 1.12 ando ')/ o) =1.09[29,30. partner as shown in Fig. 6. These results are in good agree-
ment with the calculations of Gordeyet al, who predict

B. Magnetic-field dependence for large fine-structure splittingadiabatic conditions[33]

The cross sections for multipole relaxation of RBE ae?(r?)\ s
for rare-gas collisions have been reported previously for low 0(3/2,1/2-3/2,~ 1/2)20-22(3( hovl2mw ) (19
magnetic fields[4,6,8. Magnetic-field-induced?P,/,-?P5,
mixing can enhance the Zeeman mixing rates, and a signifi- aez(rz) 2/5
cant dependence on magnetic field strength has been ob- 0(3/2,3/2_>3/2,_1/2)20.54(< - ) . @1
vicir

served for Cs and other alkali meta&l]. To place the cur-
rent work in context of the previously measured values of
disorientation and misalignment cross sections, a plot of sewherea is the polarizability of the rare-gas collision partner,
eral mspecific cross sections for rare-gas collisions as 4r?) is the average radius of the valence electron orbit
function of field strength is shown in Fig. 5. The cross sec-squared, and is the relative speed of collision pair.

tion for helium, o(1/2,1/2-1/2,— 1/2), shows little depen- A linear fit of the data in Fig. 6 provides a ratio of slopes
dence on field strength. Recent measurements and prediter the o(3/2,3/2-3/2,—1/2) and ¢(3/2,1/2-3/2,—1/2)
tions of this particular cross section also exhibit nocross sections of 2.170.19, which agrees favorably with the
dependence on field strength in the range 1{21. How-  ratio of 2.39 predicted by Eq$16) and(17).
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The current studies were performed in conjunction withcollision contribute significantly to the broadening mecha-
pressure broadening, fine-structure mixing, and quenchingism.
studies of Rb(3P), which are summarized in Table VI
[22,35. Typically, the cross sections for dephasing collisions V. CONCLUSIONS

(pressure broadenipgre the largest. However, the rates for Steady-state, spectrally resolved laser-induced fluores-
transitions between the Zeeman-spi; levels are often as  cence techniques have been used to determine state-to-state
large as, and sometimes exceed, the pressure broadenigghss sectionsg(J,m—J’,m’), for collision-induced tran-
rates. While cross sections for specific transitions betweesitions between the six Zeeman-split sublevels of RRE
Zeeman levels, particularly ther(3/2,3/2-3/2,1/2) and These levels are very strongly coupled, yet the transfer rates
0(3/2,3/2-3/2,—1/2), are large, the average cross sectiongxhibit a significant dependence on initial and find|nf)

for the 2P, manifold are closer to the pressure broadeningstates, in accordance with theoretical symmetry and scaling
values. In addition, the pressure broadening rates were detesredictions. The Zeeman transition cross sections are typi-
mined for no applied magnetic field, and the large Zeemarally as large as the corresponding pressure broadening cross
transfer rates may reflect the increase in cross section witbections. While the fine-structure splitting is slightly larger
magnetic field as shown in Fig. 5. It would be interesting tothan the average kinetic energy, mixing between states of
investigate the influence of magnetic field on pressuredifferentJ is significant for the molecular collision partner
induced line broadening. Regardless, the cross sections fdt,. For rare-gas collision partners the cross sections scale
transitions betweenJ(m) levels are very large and inelastic with polarizability, as expected.
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