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Preliminary Observation of Parity Nonconservation in Atomic Thallium
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Parity nonconservation is observed in the 6 P&~;7'Pt~& transition in thallium, Absorp-
tion of circularly polarized 298-nm photons by 6 &&~ atoms in an E field results in polar-
ization of the 7 P&~ state through interference of Stark E1 amplitudes with Ml and parity-
nonconserving Bl amplitudes II and h&. Detection of this polarization yields the circular
dichroism 6 =+(5.2+ 2.4) x10 ~, which agrees in sign and magnitude with theoretical esti-
mates based on the Weinberg-Salam model.

We report preliminary observations of parity
nonconservation (PNC) in the 6'P, /, -7'P, /, transi-
tion (292.7 nm) in atomic thallium (see Fig. 1).
The transition is forbidden M1 with measured
amplitude 3T(=(- 2.1m 0.3) x10 ' le&/2m, cl.' If
parity is not conserved, the 6'Pz, and 7'P~,
states are admixed with 'S,g, states. The transi-
tion amplitude then contains an additional E1
component h~, and circular dichroism exists,
defined by

D,y, states. The transition intensity, proportion-
al to E2, is thereby increased above the back-
ground; moreover interference bebveen the Stark
transition amplitudes and the K and Sp amplitudes
polarizes the 7'P, y2 state, permitting measure-
ment of and ~.

Let the 293-nm photon beam be alongx, and
choose E =Ej [see Fig. 1(b)]. Ignoring terms of
order [SR+ Spl', we find the 7'Pt/, polarization

5ttteor = 2 Im(@p, theor)/Mexpt

=(y2.3+0.9)x10 ' (2)

o, —o 21m(h~3R*) 2 lm(h, )
tr, + v ]II['+ fh, /' ll

where o, are the cross sections for absorption of
293-nm photons with + helicity, respectively.
Theoretical estimates of & based on the Weinberg-
Salem (W-S) model' yield"
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for sin'8~ =0.25, where 8& is the Weinberg angle.
The uncertainty in-6th„, arises from the uncer-
tainties inII p, (-15%) and S~, th„r (-2+o). The
aim of this experiment is to measure 6.

Investigations of this type were first suggested
by Bouchiat and Bouchiat, ' and their experiment
on Cs is in progress. ' Also, optical-rotation ex-
periments on bismuth have been reported (but
with contradictory results), ' ' while PNC in high-

energy electron scattering, consistent with the
%-8 model, has been observed. "

The simplest way to measure & would be to il-
luminate Tl vapor in a field-free region with cir-
cularly polarized 293-nm light and observe the
helicity dependence of the decay fluorescence
(e.g. , at 535 nm; see Fig. 1). Unfortunately this
is impractical because of background effects. In-
stead, using a technique first suggested by Bou-
chiat and Bouchiat, ' we apply an external field
E which Stark mixes 'P,y, states with 'S,g, and
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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 &&~ polar-
ization in the 0-1 transition. The rates at which the
E=1, mz=-l, 0, and+1 levels are populated in the
7 P&~ states are ProPortional to 4r(P+%+g&)t, et(3)I~g )~,
and 4t(p-II+ b )t, respectively. The polarization is
analyzed by circularly polarized 2.18-pm radiation
(7 Pgp —8 S~p transition). 8 S~p, hfs not resolved;
7 P~~, hfs is resolved.
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along& to be

P, (F =1-E=1)= 2 2[3K+ Sq],

(4)

p, (I =0-@=0)=0, (5)

for each indicated hfs component of the transi-
tion. Here + refer to + 293-nm photon helicities,
and & and P are Stark amplitudes defined in Refs.
1 and 3. Calculations yield o=+ 7.4 x lo 'E and p
= 6.0 && 10 'E with uncertainties - 15/o (atomic
units, but E in volts per centimeter). This
gives ot/P =1.23, in agreement with observations. '

In earlier measurements we detected P, by ob-
serving the circular polarization P, of 535-nm
(7'S,/, - 6'P, /, ) fluorescence. However P, is
very small (P, = 0.08P, ) because of cascade de-
polarization and resonance trapping. In the pres-
ent experiment we detect P, by pumping the 7'P,g,
atoms to the 8'S,g, state with 2.18-pm circularly
polarized photons directed along a, and we ob-
serve the intensity of 323-nm (8'S,/, - 6'P, /, )
fluorescence. Let I+ and I be the intensities for
infrared (ir) photons with J,=+1. Then we ob-
serve the asymmetry

ho=(I -I+)/(I +I+) =0 ~ 7P, .
The dilution factor 0.7 is determined from meas-
urements of made during the PNC experiment.
It agrees with a calibration experiment in which
the 2.18-p m beam was directed along -x to anal-
yze the large polarization along that axis which
arises from interference between the & and P
amplitudes in the E = 1 to E = 1 transition,

P„(1-1)=+ 4o.p/(3~'+2I3') =+ 0.75 (7)

for + uv photon helicities, respec|;ively.
Extensive measurements of absorption and po-

larization as a function of 2.18-p m power are
in agreement with calculations. In normal opera-
tion the VP-85 transition is well saturated.

Figure 2 is a schematic diagram of the appara-
tus. L1 and L2 are synchronized flash-lamp-
pumped, tunable, pulsed, dye lasers (pulse width
0.5 ps, repetition rate 19 per s, energy per pulse- 7 mJ, and wavelength 585.4 nm)." Light from
Ll passes through an ammonium dihydrogen
arsenate (ADA) doubling crystal where 292.7-
nm photons are produced. The 293-nm energy
per pulse is -0.6 m J in a bandwidth & 1.2 6hz.
The linear polarization is precisely defined by a
Gian-air prism and circular polarization is pro-
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FIG. 2. Schematic diagram of PNC apparatus. Ll,
L2, flash-lamp-pumped pulsed dye lasers; ADA, dou-
bling crystal; LP, linear polarizer; uv X/4, rotating
quarter-wave plate for 298 nm; T, drive motor and

synchronizer for Ll, L2; OPO, optical parametric os-
cillator to generate 2.18-pm photons; IR X/4, 2.18-pm
quarter-wave plates; F, interference filters and liquid
filters for 823 nm; A, fixed uv quarter-wave plate;
IBP, 2.18-pm infrared power monitor.

duced by a crystalline-quartz quarter-wave plate
which rotates as shown in Fig. 2 to provide pulse-
to-pulse alternation of photon helicity. The quar-
ter-wave plate is antiref lection coated, and great
case is taken with its alignment to avoid possible
systematic errors, as will be discussed in de-
tail in a forthcoming publication. Light from L2
drives a Chromatix CMX4/IR optical parameti'ic
oscillator for production of linearly polarized ir
photons. These are circularly polarized with
either of bvo quartz quarter-wave plates which
are alternately inserted in the ir beam. Thallium
vapor at T =1050'K, density n = 9 & 10" cm ' is
contained in the main cell (Suprasil fused quartz)
which has plane tantalum electrodes, separation
1 cm, to generate E. There are two interaction
regions (1 and 2) at which the ir photons (with
opposite J,) intersect the uv beam. The 323-nm
fluorescence signals I, and I, from regions 1 and
2 are detected separately. The quantity (I, -I,)/
(I, +I,) is almost independent of intensity fluctua-
tions but is directly proportional to P,. Exten-
sive measurements show that there are no non-
linear or saturation effects in absorption of 293-
nm photons.

In practice we confine ourselves to observa-
tion of the 0-1 and 0-0 lines at 300 V/cm in all
PNC data, because P,(0-1) is relatively large,
P,(0-0) should be 0, and neither line is as sus-
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ceptible to possible systematic errors as is the
1-1 line. The choice of 300 V/cm is dictated by
background, the major component of which is
fluorescence at 323 nm from scattered 293-nm
light. Extensive filtering in the detector chan-
nels has reduced this substantially. Lower values
of E would not give larger measured asymmetries
because of background dilution.

After traversing the main cell, the uv beam
passes through a second fixed quarter-wave plate
(A) which restores linear polarization &. Since
the uv helicity reverses with each pulse, C is
alternately parallel to y and to &. The linearly
polarized uv passes into a second cell with Stark
field E'll E. When elly (z) only the 0-0 (0-1) line
is observed. This provides an effective means
for tuning L1 to either desired resonance (b, v

=2.13 GHz) in the main cell. In practice our
resolution is sufficient to give less than 10% con-
tamination of either 0-0 or 0-1 line by the other.

The uv helicity alternates with each pulse, E is
reversed after every second pulse, and the ir
circular polarization changes sign after each set
of 128 pulses. We define

6, , = (I, -I,)/(I, + I,) (regions 1,2),

b, ' =
& [&„,(E& 0) -&...(E & 0)] (E, reversal),

4 =a[&'(ir+) —6'(ir -)] (ir CP reversal).

The average of observed asymmetries for oppo-
site uv helicities (& ) yields II, while one half

of the difference (&~) yields @~. The 0-1 line is
observed for 25 600 pulses, then an equal amount
of data are taken for the 0-0 line. The entire
procedure is executed repeatedly for a run.

Table I summarizes our results. Roughly
equal amounts of data were taken with the ir
beam entering region 1 first ("ir 1" in Table I)
and entering region 2 first ("ir 2"). Also, ap-
proximately equal amounts were taken for the uv
quarter-wave-plate assembly as shown in Fig. 2
("uv+") and rotated about an axis normal to the
page ("uv-"). A mirror placed before the fixed
quarter-wave plate A may be used to reflect the
293-nm beam back into the main cell. In this
case, the genuine PNC asymmetry is not affected,
but the asymmetry 6 is reduced by a factor
(I—I')/(I+ I') where I and I' are the direct and re-
flected 293-nm intensities, respectively. It is
desirable to repeat the experiment in this manner
but we have so far been prevented from acquiring
a statistically significant amount of data for this
case by difficulties in maintaining I =I, in tuning
to each resonance with greatly reduced signal in
the second cell, and because of noise problems.
A detailed description of the experiment and data
to be published separately shows that imperfect
circular polarization resulting from dichroism,
optical activity, or Fresnel reflections in the uv
quarter-wave plate can give a false A~ arising
from %, but this is approximately the same in
magnitude and sign for b~(0-0) and a~(0-1),

TABLE I. Summary of PNC data. All qooted uncertainties are standard errors
of the mean. E =800 V/cm for all data.

Condition

No. of
pulse s
(x 10') (x10 ~)

&p-~ b

(x1p ~)
&p- o

b

(x10 7)
+D (+0- 1 +0- 0)

(x1p ~)

uv+, ir 1 3.66 (54 h) 46850 —76+118 185+184
uv-, ir 1 8.87 (49 h) 44890 (-)64+189 (+)11+185
uv+, ir 2 8.99 (58 h) -48860 (+)151+118 (+)181+95
uv-, ir 2 8.58 (52 h) —41640 —824+154 -41+181

—265 + 171
(- )101+ 164
(- )54+128
—279 + 158

&a= —169+ 74

Uncorrected M1 asymmetry. The statistical uncertainty in Q in any given
run is -150x10 . The much larger variations shown are due to changes from
run to run in signal-to-background ratio and slight variation in 2.18-pm circular
polar izat ion.

bPNC asymmetries, normalized to ~Z j =55000x10 . The signs with paren-
theses indicate adjustment of sign to correct for changes in condition (column 1).

&z corrected (- 6%} for the contamination of 0-0 line by 0-1 line. The appar-
ent discrepancy between QD and Qp $ Qp p arises because we divide the data in-
to 82 small groups, calculate Dp $ Qp p for each group, and take the weighted
average to find ~D.
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5,~,=+(5.2+2.4) X10 '. (8}

The uncertainty in this result is the standard er-
ror in the weighted mean, obtained as described
in Table I, footnote c. The result is consistent
in sign and magnitude with 6,],„,given the uncer-
tainty in the latter [see Eq. (2)]. From g~ s „
= (1.93i) &&10 '

Q ~ ~
ek/2m, c ~, with Q w= (1 —4

&& sin'ew)Z-Ã, we obtain Qw =-280+140.
Experimental improvements now underway

should permit a more precise determination of 6.
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We present the first results from an isobar-model phase-shift analysis of the g71+n.

system. The D(1275) meson is established as a narrow (I'-10MeV) IJR=01+ resonance.
Beneath the D is a broader (I'- 70 MeV) IJ+=00 state which is a candidate for the radi-
ally excited q. The data are consistent with the existence of another 00 oblect of com-
parable width near 1.4 GeV.

%e present the first results from an isobar-
model phase-shift analysis of the ~'& system,
produced here in the reaction s p —qs v n, with
rt-yy, at 8.45 GeV/ cThe observation of this
final state rather than one with g -&'»' has

the strong advantage of eliminating combinatorial
backgrounds. The data were obtained at the Ar-
gonne National Laboratory zero-gradient synchro-
tron with the charged and neutral spectrometer,
which detected both y's as well as the r' and r .
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