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The 6 2Py/,—7 2Py, (292.7 nm) M1 transition in Tl is observed and its matrix element m = (7 2Py /514,16 2Py )
is measured. Tl vapor is illuminated by a pulsed linearly polarized laser beam (A = 292.7 nm). Interference between m
and the Stark-induced 6 2P, ,, —7 2Py, E1 amplitude in finite electric field E results in circular polarization of 535
nm fluorescence proportional to m/E, which is detected. The result is m = —(2.11 £ 0.30) X 1075 |eh/2mecl, in agree-
" ment with theory. The ultimate goal of this research is to detect parity violation in the neutral weak interaction by
observation of a helicity dependence in the 6 2P,,,—7 2P;,, absorption when the laser light is circularly polarized.

We report observations of the M1 transition

6 2Py ;;—7 2P, ;5 (292.7 nm) in atomic Tl vapor, car-
ried out with a technique suggested by Bouchiat and
Bouchiat [1-3]. Our result and that for the 6 281/2—
7. 281 12 transition in cesium [4—6] are of interest be-
cause parity violation in neutral weak currents might
imply the existence of observable circular dichroism in
these and other forbidden M1 transitions [3]. The
292.7 nm transition in T} is particularly interesting be-
cause the expected circular dichroism is almost one or-
der of magmtude larger than that associated with the
6 251 p=1 Sl 12 cesium transition. The measurement

* described here is a preliminary step toward detection

of this effect.

In our experiment (see fig. 1) a flash-lamp-pumped
dye laser tuned with 2 etalons produces 0.5 us, 585.4
nm light pulses, rep. rate ~12/s (variable). These are
fed into a temperature-controlled ADA doubling crys-

tal which yields 292.7 nm pulses of bandwidth ~2 GHz,

typical power 0.1 m joule/pulse, and linear polariza-
tion € = y (see fig. 1 for coordinate system). If desired,
é = 7 can be produced with a half-wave plate; both Li-
near polarizations are used in the measurements de-
scribed. The laser beam passes through the observation
cell along the x axis and is detected with a photodiode
(RCA 935) checked for linearity.

The cell is a fused silica (Suprasil) cylinder 60 mm
long by 18'mm o.d. contairing a pair of plane-parallel
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Fig. 1. Schematic diagram of apparatus: 1, pulsed dye laser; 2,
doubling crystal; 3, visible blocking filter; 4, gating photodiode;
$, half-wave plate; 6, 292.7 nm laser beam; 7, electrodes, £ into
or out of page; 8, oven; 9, cell; 10, 535 nm interference filters;
11, circular pol. analyzers; 12, 8850 PMT’s; 13, linear gates;
14, laser beam detector (photodiode); 15, to amplifiers, ADC,
scalers; 16, automatic voltage polarity switch.

tantalum electrodes (separation 6 mm) for generating
a uniform field £ along y. The cell is connected to a
vacuum system through remotely actuated quartz

- valves and is enclosed in a resistance-heated stainless
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steel oven. Approximately 30 mg of 99.9999% pure
Ti metal (natural abundance) is contained in a sepa-
rately heated cell side-arm. Most of the data were
taken at an oven temperature 7| = 950K and a side-
arm temperature T’y = 880 K, corresponding to Tl va-
por density [7] of 1.5-2 X 10!4 cm=3. The cell-oven
unit is enclosed in a vacuum tank (press. ~30 torr) to
minimize oven corrosion and diffusion of atmospheric
gas through cell walls at high operating temperatures.
The detection system consists of 25 mm dia. f — 1

quartz lenses mounted in the oven, 535 nm interfer-
ence filters (2 nm FWHM, 60% peak transmission),
Polatoid left-circular polarization analysers (CPA’s)
‘and RCA 8850 photomultipliers placed along *z.
Photomultiplier and photodiode outputs are amplified,
processed by an analog-to-digital converter and scalers
and recorded on tape. We chose to observe 535 nm ra-

diation (7 251/2 -6 2P3/2) because, although the spon-

taneous emission rates for the 535 nm and 377.6 nm
(728, > 6 2P| ) transitions are comparable [8] for
an-isolated Tl atom, 377.6 nm photons are resonantly
trapped, depolarized, and converted to 535 nm pho-
tons at the high Tl densities required. Our observations
of 377.6 nm trapping as a function of temperature are
in agreement with theoretical estimates {9, 10].

In field E = £}, atomic T1 6 2P]/2, 7 2P1/2 states

are mixed with n 281/2, n 2D3/2 states by the Stark ef--

fect. and stimulated E1 absorptions 6 2Pl/2 -72p, P
can occur with amplitudes proportional to £. Let the
Hamiltonian describing the interaction of atom and in-
coming radiation be written H' = +]e| §-r + [¥ Xp] -€
where £ is a polarization unit vector and p is the mag-
netic moment operator. For € IE, E1 hfs transitions
F=0>F'=0and F=1-F'=1(Amy = 0)are ob-
servable, while for & L E, EI transitions F= 0~ F' =1,
F=1-F"=1,0(Amy = 1) can be seen [11]. Inter-
ference between the M1 amplitude m

=(7 ZP]/zluzlb 2}’1/2> (or the corresponding Amy:

= 1] amplitudes) and the E1 amplitude results in a z
component of polarization of the 7 2P]/2 state for F’
=1 and consequent circular polarization of 535 nm

fluorescence. The latter changes sign when E is reversed.

The expected intensities

>

mp.mp

7P, F'm:|H'|6P, Frmy)) 2

and 7P polarizations
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P=1"1 25 mpl(IP, F'm|H'I6P, Fmy)i2
m F,m]; ‘
are given in tables 1. and 2 in terms of second order
Stark matrix elements a and § for laser polarizations||
and ., respectively, to the static field £. The latter are
calculated from Dirac wave-functions for Tl generated
numerically from a modified Tietz potential. These
wave-functions have been used to calculate bound

state energies, oscillator strengths and hfs splittings for
comparison with experimental values. The good agree-
ment implies an-accuracy of 10% in the following calcu-
lated values in atomic units, £ in volts/cm:

a=749X 10-8E, )
B=6.00X 10-8 E, )
(ﬁ/a)theury = 0.80. ’ )

Observations of intensities of the various hfs com-
ponents were made without CPA’s. The results are
shown in fig. 2 and summarized in column $ of table 1.
In each case / « £2 since for the large £ fields used.
m? is negligible. The intensity ratios of observed lland
1 components yield (8/a) = (.84 in reasonable
agreement with (3).

Unfortunately there exists a non-resonant back-
ground fluorescence which varies approximately as the
square of the density and is about as large as the reso-
nant F=1- F'=1 Stark signal at £ = 30 V/cm at nor-
mal operating conditions. It varies linearly with laser
power. and is thought to arise from transitions hr
+ T1 (6P) + TI (6P) > TI(6P) + TI (7P).

Circular polarization measurements to determine m
were carried out at various values of £. Data were taken
on- and off-resonance for + and — values of £ with *z

exp’t

- detector channels. £ was reversed after each laser pulse.

We define

n(xE) = NO1eS(+E) — NI Tes(s ),
and S

n'(£E) = N°JTS(XE) — NOIT 'S (2 E)

for the total number of counts in a given run for £z
counters, respectively. An experimental asymmetry is
defined by:

[RGB —n¢E) _w(CB) -nE)

A T2 WEE)Y+n(+E) ~ n'(=E) +n(-E) |
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Fig. 2(a). Relevant energy levels of T1, not to scale. (b), (c), (d): Experimental resonance curves for Stark-induced 6 2P,/2 -7 21’,,2
E1 transitions. Open circles: Parallel polarization (€ I E); Full circles: Perpendicular polarization (€ LE). Abscissas are ctalon dial
settings, linear scale; ordinates are signals, arbitrary units. Data of 2(b) taken with single etalon (Av|ager = 5 GHz).

Table 1

Intensities of hyperfine components

€ Transition Theor. intensity Theor. rel. inten- Observed rel. .
I sity for large E intensity
(8/@)theory = 0.80 (see fig. 2)
1-1 302 +2m? 3 3
ENE . .
0-0 a? ] 1
1-1 262 + 2m? Only partially 21
1-0 g2+ m? resolved: 1.92 :
éLE o - '
01 g2+ m? 0.64 0.70
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Fig. 3. Circular polarization asymmetries A resulting from in-
terference of M1 and static-E-field-induced Stark amplitudes
for laser polarization parallel to £: (F=1 -~ F'=1,F=0-F'
= 0) and for laser polarization perpendicular to £: (F=0 - F'
= 1). The dashed lines are least squares fits to data points. The
error bars represent probable errors in the means. .
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* The results are shown in fig. 3 where A is plotted

versus E~1 for 1 = 1,0 0,and 0~ 1 transitions.
Each data point corresponds to ~4 X 104 laser pulses
and between 107 and 3 X 108 photo-electrons. As ex-
pected, each A varies linearly with E=1. Also, the ob-
served ratio &4,(1 = 1)/A (0~ 1) is in agreement with
the predicted values of table 2 based on f/a = 0.84
and a hfs interaction correction of 15%.

All of the data of fig. 3 were taken at 7| =950 K,
T, = 880 K. We also investigated the temperature de-

pendence of Aj(1 = 1) and 4,(0 > 0) over an order- ~

of-magnitude range in Tl density. The results are con-
sistent with those of fig. 3 except that as expected we
observe some depolarization of 535 nm radiation due
to resonance trapping at the highest temperatures.
The asymmetries A all vanish when data are taken
without CPA’s. The small residual negative values of
all three A’s appears to be an experimental artifact
and is not fully understood.

Amplitude m is obtained from the slope of A(1
- 1) or A(0— 1) versus £~ in fig. 3 and a or B after
correction for dilution of polarization by cascading
7 2P1/2 -7 281/2 +6 2P3/2); trapping, depolariza-
‘tion, and conversion of 377.6 nm photons; and finite
solid angle effects. We obtain

m=(12Py ;lu16 2Py )= —(211+030)><10 Sleh/2mecl.

(5)

Table 2
Polarizations and asymmetries

Transition Theor. polarization Theor. polarization Observed asymmetry
3 P(7 %P, ) for large E, (see fig. 3)
(ﬂ/a)expt = (.84
1—+1 4ma 4 m
'——302+2‘m2 3, =Py Ay1-1)
ENE
00" 0 0 0
11 _ mg Only partially - _
: 8% +m? resolved
1-0 0
eLE
2m' 2m’ A(0-1)=
01 e - = 2.07Py 10=1
B +m [} ~21 441~ 1)
m=115m
due to hfs
interaction
correction
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The uncertainty in (5) arises from approximately
equal uncertainties in theory (Stark effect) and in the
slopes of fig. 3. Eq. (5) is to be compared with the
theoretical result, obtained by Neuffer, of m = —1.96
X 1073\ eh/2mc|. The latter contains a relativistic
contribution of ~1.76 X 10‘5|eh/2mecl, the remain-

_ der'being due to interconfiguration interaction. Re-

sult (5) can be expressed as an A-coefficient:

A(7 2Py, > 6 2P ) =1.4X 1076 571, (6)
or an oscillator strength:

J(62P) ;> 72P p)=18X 10715, @)

If parity is violated in neutral weak currents, circu-
lar dichroism § is expected in the 6 2P1/2 -7 2P1/2
transition. A calculation [12] based on the Weinberg
model assuming sin 0, =% yields § ~ 3 X 10~3. Im-
provements in apparatus now underway should permit
us to measure §. '

We thank M. Prior, R. Marrus, and H. Shugart for
many useful discussions and P. Bucksbaum for helpful
assistance. We are grateful to D. Neuffer for making
available his results prior to publication. The excellent
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