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Observation of Collisional Transfer from Alignment to Orientation
of Atoms Excited by a Single-Mode Laser

T. Manabe, T. Yabuzaki, and T. Ogawa
Ionosphere Research Laboratory, Kyoto University, Uji, Kyoto 606, Japan

(Beceived 3 April 1980)

The first experimental evidence of transfer from alignment to orientation of laser-
excited atoms due to anisotropic collisions is reported. The experiment has been. made

with respect to neon atoms in the 2p4 state, excited by a single-mode laser, which collide
with the ground-state neon atoms, and good agreement between experiment and theory is
found.

PACS numbers: 32.80.Bx, 34.90.+q, 32.70.Jz

In this Letter, we report on the first experi-
mental observation of collisional transfer from
alignment (electric quadrupole moment) to orien-
tation (magnetic dipole moment) of atoms excited
by a single-mode laser, which has been theoreti-
cally predicted in our previous paper. ' In the
experiment, we excited neon atoms in a discharge
from the 1s, metastable state to the 2p~ state by
a single-mode dye laser, and monitored the abgn-
ment and orientation created in the 2p~ state by
detecting the linearly and circularly polarized
components of fluorescence originating from the
2p~ state.

The transfer between alignment and orientation,
as well as the relaxation of these multipole com-
ponents, is due to the collisions of the laser-ex-
cited atoms with the ground-state neon atoms.
The transfer between alignment and orientation
is caused by anisotropic collisions which are
due to the anisotropic velocity distribution of
atoms excited by a single-mode laser.

Under such an anisotropic situation, if the quan-
tization axis is taken along the direction of the
laser propagation, the relaxation and transfer of
multipole components of excited-state atoms can
generally be expressed as'
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signals in optical-pumping experiments with use
of a single-mode laser. When atoms are excited
by linearly polarized light, the fluorescence
emitted by initially aligned atoms must partially
be polarized circularly because of the transfer
from alignment to orientation caused by- aniso-
tropic collisions.

The experimental setup is schematically shown

in Fig. 1. A linearly polarized single-mode light
beam from a cw dye laser was applied into the
positive column of a glow discharge tube filled
with neon of natural abundance at the pressure of

1.3 Torr. To excite atoms velocity selectively
from the metastable state 1s, to the 2p, state,
the wavelength of the dye laser was locked to
594.5 nm by means of a neon Faraday filter. '
The static magnetic field H was applied along the

x direction and swept from -19.3 to +19.3 0
through zero by a pair of Helmholtz coils. Earth' s
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where p, " is the density-matrix element corre-
sponding to the q component of the 2~-pole mo-
ment, i.e., p,' is the population, p, ' is the mag-
netic dipole moment or "orientation, " p, ' is the
electric quadrupole moment or "alignment, " and
so on. In Eq. (1), the transfer between different
multipole components is represented by the off-
diagonal element I,~~ with k gk', which does not

appear in the conventional theory' of isotropic
collisions. As described in Ref. 1, the effect of
the transfer from alignment to orientation is
expected to appear in magnetic depolarization
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FIG. 1. Schematical experimental setup for simulta-
neous observations of the transfer from alignment to
orientation and the ordinary Hanle signal. The fluores-
cence at 609.6 nm is selectively detected by passing
through an interference filter (E.F.).
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magnetic field and other stray fields were com-
pensated by three pairs of Helmholtz coils. The
incident laser beam linearly polarized along the
y axis was propagated along the z direction. The
position of the discharge tube was arranged so
that the portion just behind the entrance of the
positive column was placed at the center of the
Helmholtz coils. We observed fluorescence
emitted from this portion to the x direction. In
order to avoid the instrumental scattering, we
detected the fluorescence at 609.6 nm, which is
due to the transition from the 2p4 state to the 1s4
state.

As discussed in Ref. 1, the intensity difference
I + —I,—between the circularly polarized com-
ponents v+ and 0 of the fluorescence originates
in the orientation transferred from the alignment
by anisotropic collisions, and the intensity differ-
ence I

~~

—I~ between the components polarized
linearly along the y and z axes originates in the
alignment itself. To detect simultaneously both
the orientation and alignment signals, I + —I—
and I~~

—I, the fluorescence was passed through
a rotating quarter-wave plate and then through a
linear polarizer, as shown in Fig. 1. When the
angular frequency of rotation of the quarter-wave
plate is 0, the orientation signal I, + —I — is
modulated at 2Q while the alignment signal I~~

—I~
(ordinary Hanle signal) is modulated at 40. The
orientation and alignment signals were obtained
by applying the output of a solar cell to lockin
amplifiers tuned at 2Q and 4Q, respectively.

In a cw dye laser with a Faraday filter inside
the cavity, the laser frequency can be varied in

the vicinity of the absorption line by changing
the strength of the magnetic field applied to the
Faraday filter. In this experiment, we used the
Faraday filter of natural neon (see Ref. 3). As
the magnetic field applied to the Faraday filter
is increased, the laser starts to oscillate in a
single mode at a frequency between the 609.6-nm
lines of Ne and Ne'2 and the frequency is shifted
toward the higher-frequency side. The relative
frequency shift from the starting frequency was
measured by a scanning Fabry-Perot interferom-
eter. The detuning of the starting frequency from
the line center of Ne" is expected to be 600+100
MHz from our theoretical estimation.

Typical recorder traces of the orientation
signal I, + —I — and the alignment signal I~~

—I~
obtained simultaneously for the case that the de-
tuning Av~ from the line center of Ne' is 1500
MHz are shown in Fig. 2 as functions of the mag-
netic-field intensity. The upper trace (I,+ —I, )-
is magnified by forty times as compared with the
lower trace (I~~ —IJ. We see in Fig. 2 that the
orientation signal shows a dispersionlike depen-
dence on the magnetic-field intensity, as expected
from the theory. Similar recorder traces were
obtained for the detuning Av, o of 960, 1140, 1320,
1500, and 1680 MHz. If the birefringence of the
walls of the cylindrical cell is not small enough,
the alignment signal might appear in the circu-
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FIG. 2. Typical recorder traces showing the align-
ment signal i~~-& j (lower trace) and the orientation
signal I ~+ -I~- (upper trace) as functions of the mag-
netic-field intensity. The orientation signal is mag-
nified by forty times as compared with the alignment
signal.

FIG. 3. Measured amplitude ratio of the orientation
signal to the alignment signa, l as a function of the nor-
malized velocity of the excited neon atoms, together
with the theoretical values for the natural neon (solid
curve) and those for isotopes Ne or Ne (dotted
curves) .

638



VOLUME 46, NUMBER 10 PHYSICAL REVIEW LETTERS 9 MARcH 1981

larly polarized component and might overlap the
orientation signal. In order to check such a para-
sitic signal, we measured the birefringence of
the walls and found that the conversion of the
linear polarization to the circular polarization
was less than 0.5'fo.

In order to compare with theoretical calcula-
tions, we measured the ratio of the amplitude of
orientation signal to that of alignment signal as
a function of the detuning Av» and the results are
shown in Fig. 3. The error in measurement of
the detuning Av» is mainly due to the ambiguity
in estimating the starting frequency of the dye
laser with a Faraday filter, as mentioned already.

Since we used neon gas of natural abundance in
the experiment, we have to modify the theory
given for the case of a pure isotope. For a pure
isotope, the amplitude ratio A„/A, &

of orienta-
tion signal to alignment signal is given by the
relation

for the observed fluorescence [2p,(j=2) - Is4( j
=1)], where y, '=y„„+I"," and I" =il","=iI',"
=-iI, '=-il, ", y„„being the natural decay rate.
In Eq. (2), we have neglected the transfer from
orientation or alignment to higher-order multi-
pole moments with k -3. Since the relative abun-
dance of Ne" (0.26%) is small compared with
those of Ne" (90.92%) and Ne" (8.82%), we will
neglect the presence of Ne" in the present dis-
cussions. Because of the isotope shift of 1.72
GHz between Ne" and Ne" for the Is, -2p4 transi-
tion, the axial velocity of Ne" atoms excited by
a single-mode laser is different from that of ex-
cited Ne» atoms. This isotope shift corresponds
to the difference of 1.78 in the normalized axial
velocity (m, /2kT)'~2vo for T =400'K. Therefore,
the effect of anisotropic collisions on Ne" atoms
is not the same as that on Ne" atoms excited by
the light with the same frequency. Consequently,
the relaxation matrix elements I",~~ have differ-
ent values for Ne'o and Ne' . Thus, the presence
of Ne" modifies the expression for the ratio A„/
A, ~

as

A„A„(y)exp(-y2) + oA„(y —1.78) exp[-(y —1.78)']
A» A»(y) exp(-y') + aA»(y-l. 78) exp[-(y- 1.78)']

where a is the abundance ratio of Ne to Ne', y
is the normalized axial velocity of excited Ne"
atoms, which is proportional to the detuning Av»,
and A„(y) and A, &(y) are the amplitudes of orien-
tation and alignment signals for pure isotope as
functions of the normalized axial velocity of this
isotope. In the present case, we can estimate
Eq. (2) by using the relaxation-matrix elements
I; ' given in Fig. 6(b) of Ref. 1. In Fig. 8, we
show the theoretical values of A„/A, ( for natural
neon by a solid curve, together with those for
pure Ne" and Ne22 (the two dotted curves). In
these theoretical calculations, we have used the
values y„„=5.9 x10' rad/se 4cand (2m/5)m~8'~'
x (v~'~') =6.8 XIO' rad/sec. The latter was esti-
mated experimentally from the collisional broad-
ening of the B.lignment signal. As seen in Fig. 3,
when the laser is tuned around the absorption line
center of Ne

y
the presence of Ne gives a signi-

ficant influence upon the ratio A„/A, ~ in spite of
its small relative abundance. The reason is that
the collisional transfer rate between orientation
and alignment changes drastically with the change
of laser detuning. In Fig. 3, we can find a fairly
good agreement between theory and experiment,
although the 2p, state has the total angular mo-
mentum j=2, while the theoretical calculation

of I',"' has been made for j=1. This might indi-
cate that the dependence of the collisional relaxa-
tion matrix I', '~ on the axial emitter velocity is
not so affected by the value of the total angular
momentum j.

We also measured the width of the alignment
signal as a function of the detuning of the single-
mode laser. But no significant change in the
width was observed in the present region of de-
tuning. This comes from the fact that the de-
tuning-dependent part in the decay rate of align-
ment is only a small fraction of the total decay
rate in the case of collisions between atoms with
the same mass. In this case, the decay rate of
alignment for atoms excited by a single-mode
laser is approximately equal to that for atoms
excited isotropically. Except for the case in
which the perturber is much heavier than the
emitter, the use of the theory of isotropic colli-
sions in estimating the alignment-destroying
cross section from the experiment with use of a
single-mode laser may bring about no serious
errors.
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Nevr Observation of Parity Nonconservation in Atomic Thallium
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Refined observations of parity nonconservation in the 6 R~/2 —7 P~/2 transition in
' 8~Tl are reported. Absorption of circularly polarized 293-nm photons by 6 P~g2 atoms

in an E field results in polarization of the 7 P~g2 state, through interference of the Stark
El amplitude with ~1 and parity-nonconserving E1 amplitudes. Detection of this polari-
zation yields the circular dichroism b =+(2.8+ 0' eI && 10, which agrees with theoretical
estimates based on the Weinberg-Salam model, for sin 0~=0.23.

PACS numbers: 32.90.+ a, 11.30.Er, 12.30.Cx

We report new observations of parity noncon-
servation (PNC) in the 6'P„, 7'P», tra-nsition in
atomic thallium (see Fig. 1). The transition am-
plitude is forbidden M1 with measured amplitude
3II = (-2.1+0.3)x 10 '~eK/2 net~.

' Parity noncon-
servation causes the 6 Pzg2 and V Pz(2 states to be
admixed with Szg2 states; thus the transition am-
plitude contains an additional E1 component B~.
This results in circular dichroism, defined by
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where cr, are the cross sections for absorption of
293-nm photons, with + helicity, respectively.
Theoretical estimates of S~ based on the Wein-
berg-Salam (W-S) model' yield' '

c)
8S

2.I

6titeor = 2 ™(~p, titeor)/~expt

= (2.1*0.7)x 10 ' (2)
72p F= I

F =0

for sin'0~ =0.23, where L9~is the Weinberg angle.
The aim of this experiment is to measure 5.

The dipole amplitudes S~ and 3R are observed by
their interference with a Stark E 1 amplitude pE
caused by a 215-V/cm electric field E, in the

F = 1 transition. This causes
a polarization A = —(~/PE)(1+ —,'6) in the 7'P„„
E =1 state. The latter is analyzed by selective
excitation of ~~ =+1 or —1 substates to the 8'S,/,
state with circularly polarized 2.18-p.m light,
followed by observation of O'S„,-6'P3/, fluores-
cence at 323 nm. (See Fig. 1.) In a preliminary
version of the experiment' we obtained the result

pE+'K+ Im p
2

-pE +K+ Im E p
2

6 P)'/2

F =0

FIG. 1. (a) Low-lying energy levels of Tl (not to
scale). (b) Coordinate system, orientation of photon
beams, and electric field direction. (c) Schematic dia-
gram indicating production and analysis of 7 Pqg2 polari-
zation in the 0-1 transition. The transition amplitudes
to the mz=+ 1 levels of 7'Pq/2 are indicated. The polar-
ization is analyzed by circularly polarized 2.18-pm
radiation {7Pl(2 —8 S~/'2 transition). The 8 S&(2 hfs is
not resolved.
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