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Parity nonconservation has been studied in the transmission of longitudinally polarized epithermal
neutrons incident upon a La target. Previous experiments have demonstrated the existence of
a large value of the longitudinal asymmetry in the 0.734-eV p-wave resonance of the compound
nucleus ' La, but report confiicting values for the measured asymmetry. We report the results of an
experiment at the Los Alamos Neutron Scattering Center (LANSCE) which measured the asymmetry
by two independent methods. One of these methods utilizes a conventional polarizer and a single
lanthanum target. The other method uses an unpolarized beam with two lanthanum targets, and
therefore does not require a separate measurement of the beam polarization. The asymmetry values
determined from these two methods (0.1015+0.0045 and 0.0955+0.0035, respectively) are compared
to previously measured values. Measurement of the asymmetry of the 0.734-eV resonance in La
provides a highly accurate method of determining the polarization of an epithermal neutron beam.

I. INTRODUCTION

Parity nonconservation in a system of interacting nu-
cleons has been studied in numerous experiments. One
subset of these is the search for parity nonconservation in
the resonance states of compound nuclei. Such efforts are
attractive because of the existence of large enhancements,
which can make parity-nonconserving effects readily ob-
servable [I—7]. Nuclei with nonzero spin which exhibit
large parity-nonconserving (P-odd) effects are possible
candidates for experimental tests for time-reversal (T)
violation [8].

Recently [9] increased interest in parity violation in
compound nuclei has resulted from experimental progress
that allows measurement of parity nonconservation in a
large number of p-wave resonances within the same nu-
cleus. Statistical methods are then applicable to deter-
mine M, the root-mean-squared parity-violation matrix
element. From M and the average level spacing D, one
can calculate I'pv = 2s M jD, where I'pv is the parity-
violation spreading width. Work by French [10] suggests
that I'p~ can be related to npv, the ratio of the P-odd
to P-even efFective NN interactions.

Since ts La has only a few resonances at epithermal
energies, at present it is not a suitable candidate for the
determination of M. On the other hand, the large en-
hancement of parity violation in the 0.734-eV p-wave res-
onance of ~ssLa results in an effect [4—7] many orders of
magnitude larger than the parity violation in the nucleon-

nucleon interaction. This makes the 0.734-eV resonance
of special interest as a candidate for T-violation exper-
iments and as a standard analyzer for determining the
polarization of epithermal neutron beams.

The helicity-dependent cross section for a given p-wave
resonance can be written in the form

oy = cr(E)(l + P),

where o+ f ) is the cross section for + (—) helicity neu-
trons and o(E) is the helicity-independent p-wave neu-
tron resonance cross section. The analyzing power P for
a particular (the ith) p-wave resonance in the spectrum
is given by [2, 9, 11,12]
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where the summation is over all s-wave resonances that
mix with the p-wave resonance being studied. V& is the
weak-interaction matrix element for the mixing between
the jth s-wave and the ith p-wave resonance states of the
compound nucleus, E» —E» is the energy separation of
the two resonances, the partial neutron width amplitude
for the jth s-wave resonance, g,", is a signed quantity
with absolute magnitude QI'", , and I'", . and I'„", are the
neutron widths for the two resonances. The quantity x; is
the fractional contribution for the j =

&
partial neutron

width and is given by
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The ratio of matrix element to energy separation in Eq.
(2) is usually referred to as the "dynamical" enhancement
factor; for heavy nuclei with a high density of energy lev-
els the enhancement over the single-particle value can be
on the order of 300. The quantity g,"./QI'„", has a mag-
nitude equal to the square root of the ratio of s-wave
to p-wave neutron widths. At low energies, this "struc-
tural" enhancement factor is approximately the square
root of the ratio of barrier penetrations of the l=0 and
l=l partial waves. This ratio is of order I/kR and, in the
1-eV range, can provide an additional enhancement of 2—
3 orders of magnitude. The z; are quantities with range
from —1 to 1, and on average are assumed not to efI'ect
qualitatively the magnitude of any total enhancement.

Results from previous experiments performed on La
at JINR [4], KIAE [5], and KEI& [6] all have reported
the observation of large eA'ects which demonstrate the
presence of a sizable enhancement. Although the mea-
sured values of the two Soviet experiments [4, 5] are con-
sistent with each other, they disagree significantly (see
Table I) with both KEK results, which were measured
using two different techniques. A previous experiment
[7] at Los Alamos was performed with the high-intensity
pulsed neutron beam from the Los Alamos Neutron Scat-
tering Center (LANSCE) but lacked sufficient precision
to resolve the discrepancy. In the present paper we re-
port new results for 3 La from experiments performed
at LANSCE. The measurements consist of two separate
experiments: one uses a conventional neutron polarizer
to polarize the beam and the parity-violation asymme-
try to analyze the beam (single lanthanum); the other
uses the parity-violation asymmetry both to polarize and
to analyze the beam (double lanthanum). The single-
lanthanum experiment utilized a cryogenic neutron-spin
filter in the same setup that is used by our collabora-
tion in experiments [9] to measure M in other nuclei.
The double-lanthanum experiment replaced the spin fil-
ter with a second lanthanum target, and polarized the
beam via the weak interaction. This method results in a

TABLE I. Comparison of measurements of the parity
asymmetry in the 0.734-eV resonance of lanthanum. The
KEK(a) and KEK(b) values refer to neutron transmission
and capture y-ray measurements, respectively. Present works

(a) and (b) refer to the single-lanthanum (a) and double-
lanthanum (b) experiments described in this paper.

transmission asymmetry smaller than that in the single-
lanthanum experiment by more than an order of mag-
nitude. However, because the parity-violation asymme-
try is used both to polarize and to analyze the beam,
the double-lanthanum experiment is free of systematic
uncertainties associated with the measurement of beam
polarization.

II. SINGLE-LANTHANUM EXPERIMENT

A. Description

In the single-lanthanum experimental arrangement
(Fig. 1), unpolarized neutrons produced at LANSCE
were polarized using a cryogenically cooled polarized hy-
drogen target [13]. The n-p spin-spin cross section is
large (16.7 b) and nearly constant from 1 eV to 50 keV,
which makes polarized hydrogen a good neutron-beam
polarizer. The neutrons of the beam are polarized in the
same direction as the protons of the filter because the
singlet n-p scattering cross section is much larger than
the triplet cross section [14].

The neutron-spin filter consisted of single crystals of
La&(0.5% Nd)Mgs(NOs)i& 24H&O (LMN). The crystals
formed a block 3.5 x 3.5 cm in cross section by 1.78 cm
thick, were cooled to 1.2 K in a pumped helium bath, and
were situated in a longitudinal magnetic field of 2.02 T.
The axis of the field was parallel to the beam. The pro-
tons in the crystals were polarized dynamically by irra-
diating them with microwaves. A microwave frequency
of 75.520 GHz (75.684 GHz) was used to polarize the
protons parallel (antiparallel) to the magnetic-field di-
rection. During the course of the experiment, data were
measured for both proton-spin directions in order to re-
duce the effects of possible systematic errors associated
with the more frequent reversal of helicity produced by
the spin flipper (described below). Proton polarizations
of about 40% were achieved, which resulted in neutron
polarizations of about 43%. In the region of the 0.734-eV
resonance, a small amount of polarization estimated to
be 0.06% is contributed by the weak interaction between
the neutrons of the beam and the lanthanum of the LMN
crystals. However, because the data were taken for both
proton-spin directions, any efI'ects on polarization due to
the lanthanum in the spin filter tended to cancel over the
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KIAE [5]
KEK(a) [6]
KEK(b) [6]
Los Alamos [7]
Present work(a)
Present work(b)

0.073 + 0.005
0.076 + 0.006
0.097 + 0.005
0.095 + 0.003
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FIG. 1. Schematic of the experimental setup for the
single-lanthanum experiment. For the double-lanthanum ex-
periment, a second lanthanum sample (dotted line) was in-
serted at the front end of the spin flipper and the spin filter
was removed.
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course of the experiment.
A I-nirn-thick sLi glass scintillator paddle was placed

between the LANSCE biological shield and the spin fil-
ter to provide a monitor of the total incident neutron
flux in each 15-Hz beam burst. Beam polarization was
monitored by measuring beam transmission through the
polarizer, as well as by using nuclear magnetic resonance
(NMR) techniques. The transmission of the spin filter
was about 15%.

An adiabatic spin rotator [8] (referred to as the spin
flipper) followed the polarizer and, depending on the
magnetic-field settings of the spin flipper, allowed the
spins of the beam neutrons to pass through either un-
changed (no flip) or rotated by 1800 (flip). The effi-
ciency of the spin flipper was not quite 100% because a
small transverse component of the solenoidal field caused
a small fraction e of the spins to be flipped while the spin
flipper was in the no flip st-ate. The choice of a special
eight-step spin sequence allowed the neutron helicity to
be reversed in such a way that magnetic-field eR'ects and
time drifts were canceled through second order. We esti-
mate that helicity-correlated changes in the spin-flipper
magnetic fields aA'ected the asymmetry measured in the
neutron detector at a level smaller than 10 . The La
target (unpolarized) was located at the exit of the spin
flipper, and consisted of room temperature La203 pow-
der with lanthanum areal density of 0.065 atom/b. A
small amount of water of crystallization in the powder
attenuated the neutron flux by about a factor of 10, but
otherwise did not aft'ect the determination of the lan-
thanum resonance asymmetry.

The experiment measured parity violation as a helicity-
correlated difference in the number of transmitted neu-
trons. The detector array consisted of seven 1.0 cm thick,
13.0 cm in diameter cylindrical Li glass scintillators op-
tically coupled to photomultiplier tubes. Six of the seven
detector units were positioned in a circle of 0.4 m in di-
ameter with the seventh in the center of the circle. In-
dividual high-voltage supplies were used for each of the
final four dynode stages to supply high currents to these
dynodes. This prevented high counting rates from chang-
ing the photomultiplier gains. The array was located at
a flight-path distance of 56 m from the LANSCE source.
Detected neutrons were counted in pulse mode by a Can-
berra model 7880 100-MHz multiscaler operating with
a dwell time of 1 @sec. The Canberra multiscaler was
interfaced to a CAMAC-based DSP model 6001 signal-
averaging memory. The neutron spins were flipped ev-
ery 10 sec by the spin flipper; each data run, lasting
about one half hour, consisted of 20 eight-step sequences.
Any eight-step sequence (200 beam pulses) for which the
monitor detector showed beam intensity fluctuations of
greater than 8% was rejected. This amounted to about
one-fourth of the data. The CAMAC system used for
data acquisition was controlled by a MicroVAX II com-
puter.

For neutrons transmitted by the polarizer (see Fig. 2)
the neutron polarization is given by the quantity f„,
where

Ni+ —N,
Ni+ + Ni

N
N . (Nflip nof lip

N
l

neutron
spin filter

spin
flipper

target

N . (Nflip nof lip ~

FIG. 2. Transmission of neutron spins through the neu-
tron spin filter, spin Ripper, and lanthanum target. No is
the number of incident neutrons. Ni+ (Ni ) is the number of
+ (—) helicity neutrons transmitted by the pola. rizer, N&+„

(N&&, ) is the number of positive (negative) helicity neutrons
transmitted through the target when the spin flipper is on,
an N„&, (N„&, ) is the number of positive (negative)
helicity neutrons transmitted through the target when the
spin Ripper is oR'.

Here Ni+ (Ni ) is the number of + (—) helicity neutrons
transmitted by the polarizer. The polarizer was followed
by the spin flipper and an unpolarized target which. , in
the case of parity nonconservation, is characterized by
helicity-dependent scattering cross sections o+ and o
For the case of a 100% efFicient spin flipper, with the
helicity-dependent scattering cross sections o+ and o.

For the case of a 100% efficient spin Hipper, with the
spin flipper off (no flip) the number of positive (negative)
helicity neutrons transmitted through a target of areal
density n is N+, &, (iV„, &, ), where

~+ ~+ —o'y n
Ao gap 1

and
——N~ e

This leads to a total number of neutrons transmitted
of

N„'"&;„—(No/2) (1+f„)e +" + (1 —f„)e "]

where No ——Ni+ + Ni . Similarly, for the flip case

N&i;z
——(No/2) (1 —f„)e +" + (1+f„)e

One can enter the helicity dependence of the cross sec-
tion explicitly by using Eq. (1). In an experiment which
studies the helicity-dependent transmission in the region
of a compound-nuclear resonance, the yields Yy~,& and
Y„,p,z for the flip and no flip cases become-

Yyi;z ——NoC(E)e & )"[cosh(z) + f„sinh(z)]
and

Y„.&,, = N.C(E).— ( &"

x [cosh(z) —(1 —2c)f„sinh(z)], (4)

where z=cr(E)nP Acorrection .for spin-flipper ineffi-
ciency e has been incorporated into the expression for
Y„0 p,& that appears in Eq. (4). The factor 0(E) repre-'
sents the resonance line shape, e is the fraction of spins
that are flipped when the spin flipper is in the no ffip-
state, and C(E) is the energy-dependent line shape of the
nonresonant neutron flux (including contributions from
the detector efFiciency). The neutron moderator pro-
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duces a flux which varies approximately as 1/E. Hence
C(E) can be written as

C(E) = dN/dE

(5)

Since the detector efficiency has a I/v dependence, t, he
deviation of C(E) from 1/E behavior is expressed as a
power series in 1/~E. Eo is an arbitrarily chosen energy.

In the limit that z (( 1, Eqs. (3) and (4) can be written

y —~ C&Ei &(&—)~(i+(i 2~)f—Pl
nopip = o t )e

Only if the neutron polarization f„ is accurately mea-
sured can the flip and no ffip r-esonance line shapes be
analyzed to yield an accurate value of the parity-violation
asymmetry P.

B. Measurement of polarization

T = ai cosh(a2SNMn) + ass + ass,
where T is the transmission, SNM~ is the area of the NMR
signal, and s is the time, was made to the transmission
data and is also presented in Fig. 3. The fit variable
a i represents the polarization-independent attenuation
of the spin filter, a2 is the ratio of [fz(crp —o~)n]/2 to
SNMR, and a3 and a4 are constants characterizing first-
and second-order time drifts. From the fit, a2 was deter-
mined to 3%%uo accuracy. In a separate run, a thin tantalum
sample was inserted in the beam to obtain a background
determination at a neutron energy of 4.28 eV, where there
is a black resonance in the tantalum spectrum,

When transmission is used to determine the proton po-
larization of the spin filter, the wrong polarization value
can be inferred if the polarization is not uniform across
the transmitted beam. If the beam direction lies in the
plane of the crystals, then a spatially dependent polar-
ization can be produced if either ineffective crystals or
gaps between the crystals are present, or the polarization
decays with different rates in different crystals. The spin-
filter cross sections for antiparallel spins and for parallel
spins can be represented by (o~) and (cr&), respectively.
The transmission T for a spin filter of areal density n and
of uniform polarization fI is then given by
given by

The neutron polarization f„ is derived from the LMN
proton polarization f& via

f„= tanh[fp(o p —0~)n/2], (6)

where n is the areal density of the polarized hydro-
gen in the LMN crystal (1.16 atom/b), and o~ (o~) is
the n pcross secti-on for parallel (antiparallel) neutron-
proton spins. The proton polarization was monitored
via an NMR coil wrapped around the surface of the
LMN-crystal block. In principle f& is obtained absolutely
by comparing the enhanced NMR-absorption signal area
with a signal area measured at thermal equilibrium [13].
We found that f& was underestimated by this method,
possibly due to surface damage to the crystals. There-
fore we calibrated the NMR signal by fitting transmission
yield versus NMR area for data taken with the LMN tar-
get polarized and unpolarized. The calibration method
used was based on one outlined in Ref. [15], and relies on
the fact that the polarized to unpolarized transmission
ratio through the LMN is given by cosh[fz(o~ —o~)n/2].

Our calibration method measured transmission
through the spin filter in a series of runs that began as
soon as the microwave power was turned off. The pro-
ton spin-lattice relaxation time for LMN crystals at 1.2
K and 2.02 T is about 15 min. As f& relaxes to zero, the
transmission falls by about 20%. The transmission was
determined by calculating the ratio of the signal from
the lithium-glass array located at 56 m to that of the
monitor detector. For these transmission measurements,
the spin fIipper was turned off and the lanthanum tar-
get was removed. Transmission yields were measured at
2-min intervals. In Fig. 3 the averages of NMR signals
taken before and after each run are compared to the cor-
responding transmission yields. A fit of the form

where To represents the polarization-independent attenu-
ation of the neutron beam in the spin filter. The resulting
neutron polarization f„ is given by Eq. (6). If the spin fil-
ter has uniform polarization and y = f~(oI —a'A)f'/2 && 1,
then the normalized transmission T' = T/To is given by

T' = cosh(y) = 1 + y2/2

f„=tanh(y) = y = [2(T' —I)]'~

~l 13
o

1 15 2 25 3
COUNTS IN NMR AREA (10 )

FIG. 3. The change in time-corrected transmission yields
vs NMR area as the neutron-spin filter used in the single-
lanthanum experiment was depolarized. A fit (solid line) of
the functional form T = ai cosh(a2SNMn) + ass+ a4s was
inade to the data (see text) in order to determine the spin-
filter polarization.
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FIG. 4. Example of a polarizer which produces nonuni-
form polarization. The polarizing sample has a fraction d of
crystals which are unpolarized, and a remainder 1 —d which
are polarized.
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Since y enters quadratically in T, the transmission mea-
sures the mean-squared polarization of the beam. If the
polarization is nonuniform, the mean-squared polariza-
tion will always be larger than the square of the mean
polarization. Thus the transmission method can imply
a polarization value that is larger than the actual mean
polarization of the beam.

As a specific example consider the situation shown in
I'ig. 4, where the polarizing sample has a fraction d of
crystals which produce no polarization. The true neutron
polarization, f„"",produced by such a sample is

f„'""'= (1 —d) y,
and the measured T' is

T,'„„,= (1 —d)(1+ y /2) + d = 1+ y

0.005

0 IIt A'IIIIII&I

p p05 I I I I « I I » I I I I I I

0.50 0.60 0.70 0.80 0.90 1.0
En (e&)

FIG. 5. The top graph shows, for the single-lanthanum
runs, the transmitted neutron yield as a function of energy
in the vicinity of the ' La, 0.734-eV resonance. Below, for
the same energy range, is plotted the asymmetry (Yf&,„—
Y„e fi,&)/(Yf~, „+Y„e fh&) for data taken with a beam of net
positive helicity exiting the spin polarizer. Flip (no ffip) refers
to a state whereby the spins passing through the spin flipper
are reversed (not reversed).

However, if one mistakenly believes the crystals to be
uniformly good, then the measured T' will result in an
incorrectly deduced polarization:

fdeduced [2(TI 1)]1/2 [(1 d) 2]1/2

= /1 —dy,

which will difI'er from the true polarization by a factor of

ftrue (1 d)y
1 —dfdeduced

and would lead to an incorrect value for the calculated
parity asymmetry P. Since agreement was obtained
(see below) between the single-lanthanum and double-
lanthanum (polarization-independent) results, we con-
clude that there was no significant spatially nonuniform
polarization in the single-lanthanum measurement.

(referred to henceforth as spectra) were fit to Doppler-
broadened Breit-signer resonances of diA'erent ampli-
tude which multiplied identical polynomial expressions
for the nonresonant flux:

C(E) a(E)n(1 f„P-)—
and

Y ~ g(E)e —a(E)ra(l+(1 —2e)f P] (9)
where C(E) is given by Eq. (5), Nfi, z and
are the overall normalizations, and o(E) is the Doppler-
broadened energy-dependent cross section given by

E exp [—(E —E')2/42]
Eo + ~

(z' —z, )

C. Single-lanthanum results

A total of 47 runs was accumulated, and I"ig. 5 shows
the 0.734-eV resonance peak for the sum of the two dif-
ferent neutron helicities. The asymmetry in the sum data
is also shown in the figure. Each run was analyzed sep-
arately by fitting to histograms of yield versus time of
flight, t. For both flip and no ffip, these histograms

Here E is the neutron energy relative to a stationary
nucleus, E' is the neutron energy relative to the mov-
ing nucleus, Eo is the neutron energy at the peak of the
resonance, A = /4EokT, /A, A is the atomic weight of
the target nucleus, k is the Boltzmann constant, T, is an
eA'ective temperature characterizing the target, and oo
and I are parameters characteristic of the nonbroadened



2192 V. W. YUAN et al.

20
0.1015 + 0.0045

V3

15

D
10

z

'~~La 0.734eV

—0.05 0.00 0.05 0.10

P
0.15 0.20 025

FIG. 6. Histogram of the measured parity-violation asym-
metry values from individual single-lanthanum runs.

resonance shape.
The b; factors contained in the expression for C(E) [see

Eq. (5)] parametrize the change in fiux and detector effi-

ciency across the resonance. The parity-violation eA'ect is
given by the product of P and the neutron polarization
f„The . parameters op, 6;, Ep, I', and T, are deter-
mined from the data by a fit to the parity-nondependent
sum Yyf'p + Y p p'p The measured parity asymmetry
P = (o.+ —o —)/(o~ + o ) does not itself explicitly de-
pend on oo, nor on any of the other resonance shape
parameters. The value of P enters into the equations for

YJ~;p and Y„, p,p as a multiplicative factor to a function
of line-shape parameters. Therefore, while a determina-
tion of P does depend on a precise determination of the
parity-nondependent line shape, it does not depend on a
precise determination of any single line-shape parameter,
and any combination of shape parameters which result in
an accurate fit to Yy~, p + Y„,p,p will allow an accurate
determination of the parity-violating asymmetry.

The actual fits were made with e set equal to zero,
and the extracted values of P were later divided by the
factor (1 —e) to correct for spin-flipper inefficiency. The
parity asymmetries of individual runs yield the values of
P plotted in Fig. 6. The spin-flipper inefFiciency t. was
calculated to be 0.006. The individual values of Fig. 6
result in an average parity-violation analyzing power P
of

III. DQUBLE LANTHANUM

P = 0.1015 + 0,0045,

where the error is obtained by adding in quadrature the
variance of the individual f„P values to the 3% uncer-
tainty in the neutron polarizations.

asymmetry occurring in the first target to produce a
weakly polarized beam for helicity-dependent measure-
ment on the second target. Because the weak interaction
is used to polarize the beam, this method of performing
the experiment can only be performed in the presence
of very high neutron fluxes and with a target such as

La, where the nuclear enhancements are large. The
advantage of this method is that the helicity-dependent
cross section can be extracted directly from the measured
transmission asymmetry without introducing systematic
errors from an incorrect measurement of the beam polar-
ization.

The polarizer and target samples for the double-
lanthanum experiment were matched disks of La
metal, each 5.105 cm thick and 5.080 cm in diameter.
Each disk was held in a vacuum vessel to prevent oxi-
dation, and the upstream sample was surrounded by a
brass collimator to prevent neutrons that had not passed
through the lanthanum from reaching the detectors, The
samples were located one at each end of the spin-Hip
solenoid in such a way that each sample was inside the
solenoidal guide field. This ensured that any polariza-
tion produced in the upstream sample was maintained
into the spin-lip region and that the spin exiting the
spin-flip region was maintained up to the second sample.
The LANSCE source of pulsed neutrons was effectively
a distance of 6.7 m from the upstream La sample. At
the biological shield, a distance of 4.6 m in front of the
upstream sample, the beam was collimated to a diameter
of 5.08 cm. The two lanthanum samples were separated
by a distance of 2 m.

The same detector array described above in the single-
lanthanum section was used for these measurements. Be-
cause of the higher counting rates, data were acquired in
an integral counting mode [16] using a DSP 6012, 12 bit,
transient digitizer in conjunction with a DSP 4101 signal-
averaging memory. The transient digitizer was operated
at a dwell time of 1 ps per channel, and the detector out-
put signals were conditioned by a low-pass filter with a
time constant that matched the dwell time of the digi-
tizer,

In the double-lanthanum setup, the number of positive
(negative) helicity neutrons N&+ (Ni ) exiting the first
lanthanum sample is given by

Ni+ = (Np/2)e

where n~ is the areal density of the first lanthanum sam-
ple. The yields Yg&;z and Y„,~,z for flip and no flip are
derived by substituting

into Eqs. (3) and (4). In the case where the two lan-
thanum samples are of equal areal densities, n, the yields
become

A. Description

In the double-lanthanum experiment, the cryogenic
polarizer was removed and replaced by a second La
target. This arrangement utilizes the parity-violation

and

Y„, p,„=NpC(E)e '" cosh[2opnP(1 —c/2)]

Ygi p = Npc(E)e ' '"
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B. Double-lanthanum results 1.0015

A total of 79 data runs were analyzed from the seven-
detector/transient-digitizer combination at 56 m. In ad-
dition, five runs were taken in pulse-counting mode to
aid in accurately determining the resonance line shape.
In the pulse-counting runs, individual detector pulses un-
derwent pulse-height discrimination and were counted us-
ing the same Canberra model 7880 multiscaler that was
used in the single-lanthanum experiment. The pulse-
counting detector was a 1-cm diameter 6 Li detector
placed at a distance of 22.3 m from the LANSCE neutron
source. It was placed at the shorter flight-path distance
to increase the counting rate.

The sum of the multiscaler flip spectra was fit to a
parity-independent resonance line shape of the form

1.0010

1.0005

0.9995
420

O
0 o

0 0
0

O

440 460 480

CHANNEL (TIME)

500 520

YMs ~ g(@) —2e(E)n

where n is the areal density of each target, C(E) is
the nonresonant flux given by Eq. (5), and o(E) is the
Doppler-broadened energy-dependent cross section given
by Eq. (10).

In the next step, the sum of all transient-digitizer flip
runs was fit to the form

YTD ~ g(E)[ —2a(E)n + B]

FIG. 7. Parity-violation asymmetry in the 0.734-eV reso-
nance of La for the sum of all 79 double-lanthanum data
runs. The ratio Y„g pj /pYf/'p is plotted as a function of en-

ergy, and the parity violation is seen in the deviation of the
ratio from 1.0 near the center of the resonance. Representa-
tive errors for the uncertainties in each data point are drawn
in on data points in the peak region and outside the peak
region.

where C(E) and o(E) were fixed to be the line shapes de-
termined in the fits to the double-lanthanum multiscaler
data. This At quantitatively determined B, the nonres-
onant background term in the spectrum of the transient
digitizer whose input pulses are not discriminated on the
basis of pulse height. The subsequent analysis is rather
insensitive to the value of B.

Finally, the ratio of the no flip to flip -spectra for the
double-lanthanum transient digitizer runs is

Y„, p, z e 2 "cosh[2onP(1 —c/2)] + B
e 2~n + B

Because of a different beam size, the spin-flipper inefIi-
ciency e was larger for the double-lanthanum runs than
for the single-lanthanum runs. For the double-lanthanum
runs e has been calculated to be 0.020. For each run,
the ratio of the Y„, ~,z spectrum to the Yyt;z spec-
trum was computed and At with the functional form of
Eq. (11) to extract the parity-violation asymmetry P
The actual At was performed using the approximation
cosh[2onP(1 —e/2)] = 1 + 2[a nP(1 —c/2)], and P
was used as the fit variable. If a direct fit is made to
cosh[2crnP(l —e/2)], then an incorrect result is obtained
because the cosh function is constrained to be positive.
Figure 7 shows the At of the functional form given by
Eq. (11) to the sum of all 79 runs. The result for P2
from the double-lanthanum experiment is

P = 0.008 94 + 0.000 95 .

A set of 43 target-empty runs was performed and ana-
lyzed as a control. Any false asymmetry in the double-
lanthanum experiment also should appear in the target-
empty runs. The target-empty runs give

P = —0.000 03 + 0.000 79,
which shows that if any false asymmetry is present, it is
smaller than the statistical error of the target-in runs.

From the measured value of P with target in, the
parity-violation asymmetry ~P~ is

iPi = 0.0955 + 0.0035.

IV. DISCUSSION

The results of the single-lanthanum experiment agree
with those of the double-lanthanum experiment. Both re-
sults are also in agreement with the previously measured
KEK values.

The lanthanum measurements fall within the frame-
work of an experimental program whose goal is to mea-
sure parity nonconservation in the epithermal p-wave res-
onances of a wide range of heavy nuclei. Such a survey
will determine whether the nuclear medium alters the ef-
fect of the basic nucleon-nucleon interaction, and at the
same time, will search for suitable candidate targets for
use in a planned time-reversal experiment [8]. The sur-
vey utilizes a cryogenic polarizer to achieve a high flux of
polarized neutrons, and this requires an accurate knowl-
edge of the polarization produced by the polarizer in or-
der to determine correctly the parity asymmetries. A
technique such as NMR can be used to monitor changes
in the polarization on a continuous basis, but an accu-
rate calibration is still required to determine the absolute
polarization. Using the method of measuring transmis-
sion through the polarizer to determine polarization can
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give incorrect values if the polarization is nonuniform
across the beam. To determine the beam polarization
one can measure the parity-violation asymmetry by the
single-lanthanum method and compare this value to the
asymmetry which has been measured by the polarization-
independent double-lanthanum method. This compari-
son approach is probably the most accurate method of
determining this calibration.
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