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Parity Nonconservation in 106Pd and 108Pd Neutron Resonances

Abstract

Parity nonconservation (PNC) has been studied in the neutron p-wave resonances of 1°°Pd and 13Pd in the
energy range of 20 to 2000 eV. Longitudinal asymmetries in p-wave capture cross sections are measured using
longitudinally polarized neutrons incident on ~20-g metal-powder targets at LANSCE. A CsI y-ray detector
array measures capture cross section asymmetries as a function of neutron energy which is determined by the
neutron time-of-flight method. A total of 21 p-wave resonances in 1°°Pd and 21 p-wave resonances in 1°8Pd
were studied. One statistically significant PNC effect was observed in!%°Pd, and no effects were observed in
108pd, For 196Pd a weak spreading width of ', =34.47x1077 eV was obtained. For 198Pd an upper limit on

the weak spreading width of [y<12x10”7 €V was determined at the 68% confidence level.

Disciplines

Atomic, Molecular and Optical Physics | Physics

Authors

Bret E. Crawford, J D. Bowman, P P J. Delheij, T Haseyama, J N. Knudsen, L Y. Lowie, A Masaike, Y Matsuda,
G E. Mitchell, S I. Penttila, H Postma, N R. Roberson, S J. Seestrom, E I. Sharapov, Sharon L. Stephenson, and
V W. Yuan

This article is available at The Cupola: Scholarship at Gettysburg College: https://cupola.gettysburg.edu/physfac/13


https://cupola.gettysburg.edu/physfac/13?utm_source=cupola.gettysburg.edu%2Fphysfac%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages

PHYSICAL REVIEW C, VOLUME 60, 055503

Parity nonconservation in 1°Pd and 1°Pd neutron resonances
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Parity nonconservatiotPNC) has been studied in the neutrpiwave resonances dP%Pd and'%®Pd in the
energy range of 20 to 2000 eV. Longitudinal asymmetrigs-wave capture cross sections are measured using
longitudinally polarized neutrons incident en20-g metal-powder targets at LANSCE. A Cglray detector
array measures capture cross section asymmetries as a function of neutron energy which is determined by the
neutron time-of-flight method. A total of 2p-wave resonances i%d and 21p-wave resonances it*%d
were studied. One statistically significant PNC effect was observétfird, and no effects were observed in
198pd, Forl%Pd a weak spreading width &, =34"5/x10"7 eV was obtained. Fot’®d an upper limit on
the weak spreading width df,,<12x10 7 eV was determined at the 68% confidence level.
[S0556-28189)05311-X

PACS numbgs): 24.80+y, 25.40.Ny, 27.60tj, 11.30.Er

[. INTRODUCTION gree of neutron polarization. By measuring the helicity de-
pendent asymmetry in thg-wave cross section, one deter-
Since the discovery of large parity honconserviiNC) mines the PNC asymmet.
effects in compound nuclear resonances by Alfimeno]. The main limitation of the work by the Dubna group is
[1] at Dubna, interest has focused on the compound nucleube narrow energy range, restricting the measurement to only
as a laboratory for studying not only the weak interactiona few resonances per nucleus. Because of the statistical na-
itself but also the role of parity nonconservation in our un-ture of the compound nucleus it is desirable to measure sev-
derstanding of nuclear structuf2]. The Dubna group mea- eral PNC asymmetries in each nucleus studied. Using the
sured the longitudinal asymmetriespavave resonances by high-flux, pulsed, epithermal neutron facility at the Los Ala-
neutron transmission through a variety of targets, observingnos Neutron Science CentdtANSCE) and the apparatus
asymmetries as large as 7% with neutron energies up to 1d@escribed below, the TRIPLEime reversal and parity at
ev. low energieg Collaboration developed a system to extend
Parity nonconservation arises from the mixingsefand  the energy range of these measurements to significantly in-
p-wave neutron resonances and results in a helicity depersrease the number of resonances studied in each nucleus. In
dence in the totap-wave cross section for longitudinally addition, the TRIPLE Collaboration developed analysis tech-
polarized neutrons incident on unpolarized targets. The heaiques which exploit the statistical nature of the compound
licity dependent cross section is given by nucleus [3,4]. From the collection of measured PNC-
asymmetry values our analysis extracts the root-mean-
squared parity-nonconserving matrix elemevit for the
aszap(lifnP), (1)  given nuclide. In order to compare PNC matrix elements
from different nuclei, one forms a weak spreading width

where g, is the unpolarized cross section afdis the de- _27TM2
Fw="5 @
*Present address: Gettysburg College, Gettysburg, PA 17325. whereD is the energy spacing between levels with the same
TPresent address: McKinsey and Company, Atlanta, GA 30303. spin for the nuclide in question. By analogy with similar
*Present address: Fukui University of Technology, 3-6-1 Gakuenstudies with isospin5] it is expected that',, is essentially

Fukui-shi 910-8505, Japan. constant as a function of nuclear mass, although local fluc-
$present address: Institute of Physical and Chemical Researdhiations are possiblgs,7]. The TRIPLE Collaboration has
(RIKEN), Saitama 351-0198, Japan. focused its efforts in two regions of the periodic chart, places
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where thep-wave strength function peaks, the mass-100 and Tungsten

mass-230 regions. The current measurements are part of ¢ spallation

effort to determinel’,, in the mass-100 region. Results of ‘/ targetwih

studies with several targets have recently been published : moderator

238 [g], 2%2Th [9], 113Cd[10], ”’Ag, and 1%%Ag [11], *Nb X euon a1

[6], 2*%Cs[7], and 1%Rh [12]. +sm (0.5:2000 V) % o wonier
The traditional transmission experiments use laiggv- y . ate

eral kg targets, and the difference in neutron transmission |
between positive and negative helicity neutrons is measured
However, it is not always possible to obtain isotopically pure
targets of sufficient mass to perform a transmission experi-
ment. For small areal density isotopically pure targets, the
capture method has been shown to be more sensitive tha-
transmission measurements for observing both pveave
resonances themselves and the parity nonconserving asyn

Polarized Proton
Target

T

8m Spin Flipper

metries in these resonandds3,14. e ———
X \ transport pipes
Il. EXPERIMENTAL APPARATUS
The experiments are performed on flight path 2 at the Capture Target
Manuel Lujan Jr. Neutron Scattering Cent®LNSC). An ~ 2
. h . . -T-60m gamma
overview of much of the apparatus is given in Réf5]. detector array
An 800-MeV proton beam from the LANSCE linac is
bunched and stored in a proton storage (R§R forming a
20-Hz pulsed beam with an average current ofu/®. The 4 eom : :
. . . . 6Li Neutron
shape of the beam pulse is that of an isosceles triangle with i Detector |

base of 250 ns. After exiting the PSR, the protons are depos
ited on a pair of tungsten spallation targets producing ap-
proximately 17 neutrons for each incident proton. A water_
moderator is used to produce thermal and epithermal energK/
neutrons[16]. Each neutron pulse, therefore, contains a
range of energies. The TRIPLE beam line shown in Fig. 1nuities in the solenoidal windings is discussed in R&g]
uses a 60-m flight path to separate the neutron energies [nd is on the order of a few percent.
the neutron time-of-flight method. The neutron energy is determined by the time-of-flight
The pulsed epithermal neutron beam is monitored by amethod, where the neutrons are “detected” by measuring
pair of *He and“He ionization chambers. Since both cham-the y rays produced during neutron capture in the target. The
bers are sensitive te-rays, but only the*He chamber is capturey-ray detector consists of 24 15-cm long Csl crystal
sensitive to neutrons, a subtraction of the two signals meawedges that form two annular rings of 12 sections each. The
sures the incident flux. The monitors do not provide an abiarget sits at the center of the two rings such that the total
solute measurement of the flux but rather monitor the stabilsolid angle of the detector is 85% of4 A 5-cm thick cyl-
ity of the incoming beam. inder of ®Li-loaded polyethylene between the target and de-
The neutrons pass through a dynamically polarized prototector shields the neutron-sensitive Csl crystals from scat-
target that is cooledbtl K in a 5-Tmagnetic field17]. The  tered neutrons. Signals from the up-stream and down-stream
resulting neutron beam is polarized t685% by the spin- halves of the detector are combined so that electronically the
dependent scattering of the unpolarized neutrons by the paletector consists of one 12-detector ring. The detector sig-
larized protons. nals are shaped by 30-ns passive filters to aid in signal dis-
The neutron spin direction is reversed every 10 s by a spigrimination by constant fraction discriminator€CFD9
flipper composed of a system of longitudinal and transversahich are set with a threshold corresponding tg-gay en-
magnetic field$18]. Turning off or on a transverse magnetic ergy of 0.3 MeV. The CFD outputs are cabled to the data
field, the spin flipper either leaves the neutrons polarizedoom where the signals are rediscriminated and fed into a
along the beam direction or adiabatically rotates the spins tbnear summer. The linear sum of the 125-ns wide pulses are
the opposite direction. The efficiency of adiabatic rotation ofthen discriminated at a voltage level such that only events
the neutrons is discussed in REI8] and is essentially con- with two or more pulses in coincidence are counted. Thus we
stant from 1 eV to several hundred eV. reduce our background signal by requiring aultiplicity of
Since the Earth’s magnetic field will precess the neutror2. The output of this last discriminator is shaped by a 100-ns
spins during the 60-m flight path and thus depolarize thdilter and fed to a transient digitizer which samples the com-
beam, a 10-G solenoidal field is used to preserve the longbined detector signal every 100 ns. This results in an 8192-
tudinal spin of the neutrons. The depolarization due to thehannely-ray spectrum. A typicaly-ray spectrum after neu-
combination of the Earth’s magnetic field and the disconti-tron time-of-flight has been converted to energy is shown in

FIG. 1. Schematic of the TRIPLE beam line set up for a capture
ray measurement.
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FIG. 2. A capture yield spectrum fdP%Pd for neutron energies

FIG. 3. Proton polarization times target thickness calibrated to
from 100 to 1150 eV.

the NMR measurement of proton polarization. The values along the
vertical axis are determined from the ratio of transmission for po-
Fig. 2. Detector performance is discussed in RE28,21]. larized and unpolarized beam as discussed in the text.

The metal powder target material is held in the shape of a
3.5-in diameter disk by aluminum cans with 20-mil thick {ne neutron polarizatiorf, can be calibrated to an NMR
front and back faces. Th&Pd target has a mass of 23.328 neasurement of , by measuring the neutron transmission
g and is enriched to 98.51%. THE®d target has a mass of for polarized and unpolarized beam. This is illustrated in Fig.

21.669 g and is enriched to 98.59%. Their areal densities arg The expression found from the fit of the data in Fig. 3 that
n=2.11x10?* atoms/crd and n=1.92x10*' atoms/cr

s . ! relates the actuahop,f, to the NMR measurement of the
for *°Pd and'*Pd, respectively. proton polarization is used to calibrate the neutron polariza-
The neutron spin direction is reversed every 10 s follow-jon, to the NMR signal following Eq(5). The neutron po-
ing an eight-step sequence devised to cancel effects of detegyization was quite stable at about 85 and 82 % for positive
tor gain drifts and residual magnetic fields in the spin flipperang negative proton polarization, respectively. The uncer-
[15]. If the beam as monitored by thiHe and“He ioniza-  tajnty in the determination of the neutron polarization is 3%.
tion chambers fluctuates by more than 8% from the average, The second method for determining the neutron polariza-
the data for that eight-step sequence are rejected. The dafgn involves a transmission measurement of the PNC effect
from each spin state are stored in separate data areas agdine 0.75-e\p-wave resonance it*%La. By dividing the
saved to disk every 30 min. Each 30-min run is considered agyperimental asymmetry by the known value of the PNC
a single measurement during which time the experimentajsymmetry[22], one can determine the neutron polarization.
conditions should be stable. In addition to the fast spin réThjs s the basis of a neutron polarimeter positioned at the
versal, we also change the neutron polarization by reversingnq of the beam line. A 0.06534-atomsi8%a target is
the polarization direction of the proton filter. placed ~1 m downstream from the capture detector. A

The neutron polarization is m_onit_ored by NMR measure-1_cm thick, 13-cm diameter, 6% by weigPiti-glass neutron
ments of the proton target polarization. The absolute size Ofigiector monitors neutrons transmitted throughf#ea tar-
the neutron polarization is determined in two w4§g]. A

. ) . i get. By counting neutrons in each helicity state in the region
direct calibration of the NMR measurement is performed bygs the 0.75-eVp-wave resonance, a PNC asymmetry is de-

measuring the neutron transmission as a function of NMRemined from which the neutron polarization is inferred.

signal as the proton polarization grows from zero polarizaris method provides an approximately 20% measurement
tion to its maximum value. The neutron transmission throughy¢ the neutron polarization per 30-min run and thus serves as
the proton target is given by a monitor of the preservation of the neutron polarization by

spin transport system.
T=Ty COSh:I’lO'pmf p)v ©)

whereT and T, are the polarized and unpolarized transmis- IIl. ANALYSIS

sions, respectivelyy is the proton target areal density, ahd Discussion of the analysis is divided into three sections:
is the proton polarization. The polarization cross sectiongjying resonance data to determine the neutron resonance pa-
Opols IS given by rameters, extracting the PNC asymmetries in fhevave
resonances, and determining the rms PNC matrix element

Opo=(0-—01)I2, 4 and the weak spreading widih, .

where then-p cross sections for singléspin J_=0) and

triplet (spin J, =1) scattering states are given by, and A. Fitting code and resonance parameters
o_, respectively. Since the neutron polarization depends on The TRIPLE Collaboration has developed a fitting code,
the same quantities, FITXS [23], to determine the neutron resonance parameters
for neutron time-of-flight measurements carried out on
fo=tani(nop,fp), (5)  flight-path 2 at MLNSC using either transmission or capture
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TABLE I. PNC Asymmetries fort°®pd.

E(ev)? |2 gl',, (meV) 2 A, (1/eV) P (%) P/AP
63.43+0.04 1 0.010£0.001 1.55 0.03:0.20 0.1
146.36+0.07 1 0.530.04 0.406 0.0350.045 0.8
156.88-0.07 1 0.24-0.02 0.661 0.0470.075 0.6
300.0+0.2 1 0.18-0.02 5.80 0.190.24 0.8
406.7-0.3 1 0.86-0.04 0.456 —0.07+0.12 -0.6
462.3-0.3 1 1.14£0.05 0.310 —0.04+0.13 -0.3
521.9+0.4 1 6.0:0.3 0.122 —0.057+0.058 -1.0
563.4£0.5 1 5.3:0.3 0.130 —0.044+0.066 -0.7
593.4£0.5 P 12.5+0.6 0.088 —0.174+0.044 —-4.0
644.90.6 1 0.52:0.05 0.488 0.66:0.38 1.6
967.5+0.6 1 16-1 0.357 0.1190.069 1.7
1147.9+0.9 1 4.0:04 0.200 0.580.24 2.4
1206.2+0.9 1 10.6:0.7 0.113 —0.11+0.15 -0.7
1306+ 1 1 3.4:0.3 0.229 0.360.40 0.9
1323+ 1 1 7.8£0.8 0.172 —-0.17+0.21 -0.8
1377+ 1 1 2.2£0.2 1.00 —0.53+0.66 -0.8
1511+2 1 28+2 0.094 0.020.12 0.8
1557+2 1 1.7:0.2 0.738 —1.2+1.2 -1.0
1597+2 1 12+1 0.618 —0.17£0.22 -0.8
1624+2 1 101 0.229 —0.12-0.28 -04
1764+2 1 182 0.195 —0.15£0.21 0.7

3 rom Ref.[26].
bSee text regarding thleassignment for this resonance.

detectors. The neutron cross sections are calculated using trendom fluctuations in the value of the asymmetries contrib-
R-matrix formalism of Reich and Moorg24]. By modeling  ute to the width of the histogram. The uncertaintyPidue to

the response of the neutron moderator at the spallatiorandom fluctuations is calculated from the standard deviation
source, as well as Doppler broadening from the target matetivided by the square root of the number of 30-min runs,
rial, FITxs accurately fits the observed line shq@5]. By oged VN. Calculating the uncertainty iR from the histo-
fitting the sum of data from the two helicity states, the resogram in this way gives the most conservative estimate of the
nance parameters are determined for all resonances of int&fxcertainty in the PNC asymmetry. The size of the statistical
est. The details of the fitting procedure are discussed in Re Srrors for these measurements is comparable to errors in

[8,23,26. The resonance parameters determined f8Pd o TR|p| E measurements. The primary possible system-

16 e
apd Pd from transmission and capture measurements artic error could arise from uncertainty in the neutron polar-
discussed in Ref.26], and the values for thp-wave reso-

. . : ization. However, the two methods of determining the neu-
nances are included in Tables | and Il. Figure 4 shows 2 on polarization described above di fid that th
sample fit of the 593.4-eV resonance itfPd. P o Ve give us confidence that the

neutron polarization is well known and that this systematic

error is much smaller than the statistical errors. In addition,
the neutron polarimeter at the end of the beam line showed

Once the resonance parameters are determined, the datable neutron polarization throughout the run. Since the po-
are used to obtain PNC asymmetries. After eliminating datdarimeter uses the same electronics as the PNC measure-
runs with unstable run conditions, 430 30-min runs withments, this implies that the electronics are not producing
positive proton target polarization and 354 30-min runs withsystematic effects. The system was also frequently tested by
negative polarization were analyzed for tHéPd target. For verifying that transmission measurements of the PNC asym-
the 1°%d target only positive polarization was used, and 350netry in the 0.75-eV resonance in th&La target positioned
30-min runs were analyzed. just after the spin flipper agreed with the asymmetry mea-

Using the resonance parameters determined by thsured when the target was positioned at the end of the beam
method described in the previous section, data from the twéine.
helicity states for each-wave resonance are fit varying only ~ Finally, the PNC asymmetries are grouped by proton po-
the PNC asymmetrf. By fitting data for each resonance for larization and spin-flipper field setting so that the asymme-
every data run, a collection & values are determined and tries can be averaged with the appropriate errors from the
corrected for neutron polarization. THe values then are uncertainty in neutron polarization and corrected for spin-
histogramed as shown in Fig. 5. By analyzing the data irflipper efficiency. Tables | and Il list the PNC asymmetries
small sectiong30-min rung in this way, all nonstatistical for the two isotopes studied. The data from the two isotopes

B. PNC asymmetries

055503-4
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TABLE Il. PNC Asymmetries for!%%d.

E(ev)? |2 gl',, (mev) 2 A, (1/eV) P (%) P/AP
112.70+0.07 1 0.96-0.08 1.44 0.03%0.040 0.9
149.76-0.07 1 0.066-0.006 2.54 0.06:0.30 0.2

302.9+0.2 1 3.2:0.2 0.221 0.026:0.057 0.5
411.0£0.3 1 0.65£0.03 3.07 —0.22-0.25 —-0.9
480.5-0.4 1 0.57-0.03 1.09 0.020.31 0.1
544.4£0.4 1 5.6:0.3 0.254 —0.036£0.090 -0.4
642.2+0.6 1 1.3-0.1 5.31 0.3%0.34 1.1
797.4+0.8 1 6.3-0.4 0.206 0.120.14 0.8
843.4£0.9 1 0.83:0.08 0.712 —0.45+0.65 -0.7
1082.3:0.8 1 171 0.151 0.090.12 0.7

1121+2 1 0.51+0.05 0.864 0.22.3 0.3

1140+2 1 0.08t0.02 2.39 —5.0+5.7 -0.9

1359+1 28+2 0.102 0.0%0.14 0.2

1456+ 1 1 4.5-0.5 0.543 0.450.54 0.8

1505+ 2 1 0.33:0.05 1.11 —-1.2£5.2 -0.2

1523+2 1 2.8£0.3 0.393 —0.11+0.93 -0.1

1743+2 1 0.470.07 1.45 —8.7+4.9 -1.8

1815+2 1 2.4-0.2 0.371 1.21.8 0.7

2118+3 1 7.5-0.8 0.193 0.230.81 0.3

2165+ 3 1 2.6-0.3 0.243 0425 0.2

2287+ 4 1 374 0.0418 —0.31+0.29 -1.1

3 rom Ref.[26].

show one statistically significant effecA P/P>3) at the density functions for eaclp-wave resonance studied, with
593.4-eV resonance it°Pd. The Bayesian probability for the width of each distribution given by a combinationMf

the 593.4-eV resonance to Ipewave is 72%, making the and the measurement error.

orbital-angular momentum assignment inconclus\as]. The PNC effects arise from the mixing ef and p-wave

The fact that this resonance shows parity nonconservatiofesonances with the same spin. Since both of the targets con-
implies that the resonance is @ wave. The subsequent sidered here have target spin zero, oslywave resonances

analysis assumes tipewave assignment. with spin 1/2 are formed. Howevep:wave resonances are
_ _ _ formed with bothJ=1/2 andJ=3/2, implying that only a
C. PNC matrix elements and weak spreading width fraction of thep-wave resonances can mix with the s-wave

Before determining the weak spreading width, we firsteésonances to cause parity nonconservation. The spins for the
determine the root-mean-squared PNC matrix elenmdnt Pd resonances are not known, but the resonance analysis
We use a likelihood analysis to extract the most likely valuemay proceed by assigning a probability for fhevave reso-
for M from the distribution of PNC effects. The likelihood nances being eithgyy, or ps, [27].
function is formed from a product of Gaussian probability

100

Number of Runs
50

counts(10%)

P (%)
E (eV)

FIG. 5. Histogram of thé values for the 593.4-eV resonance in
FIG. 4. Sample fit of the capture-ray yield versus neutron °%Pd for 784 30-min runs. The mean value from the distribution is
energy for the 593.4-eV resonance’ffPd. The dashed line shows given by P=—0.174-0.044, where the uncertainty is given by
a polynomial fit to they-ray background. T sger 784,

055503-5
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Neglecting experimental limitations, the probabilityhat
the p-wave resonance has spilis1/2 and the probability
that the resonance has sgis 3/2 can be obtained from the
spin distributionF (J) [28]

F(3) 2J+1 (J+1/2)2 ©
= exp— ————,
ol . 207
where the spin cutoff parametet, [29] is given by
0.=0.98102° 7)

andA is the target mass number. The probabilifeand g
can be written

R
P=Fw2+FiR) A"

F(3/2)

=Ea+ran ©

In a measurement only resonances above a certain min
mum size will be observed. The fraction of the total number,

of p-wave resonances that are measureah be estimated as
the ratio of the number gf-wave resonances observed to the
total number expected. For a spin-zero target the total nu
ber of p-wave resonances is expected to-h8AE/D, where
AE is the range of energies analyzed dbds the s-wave
level spacing. The fractioh also can be related to a mini-
mum width parametey= y1)5/( y1/»), by integrating Porter-
Thomas distributions in the width parameyer y%/{ y?), for
the p,,», and ps, resonances

S 1 o0
Y A O S S,
P w2y q (a/p)u\ 27y Y

9

/9
=perfc(u/\/§)+qerfc( Eu)

Given the experimental value fdt this equation can be
solved foru. Finally, a newp’ and a newq’'=1—p’ are
found from theu andf values using

u
p =perfc<ﬁ>/f.

Using swave level spacings ofDy=217 eV and D,
=182 eV for 1%Pd and 1%pPd, respectively[26], we find
p’'=0.34 andq’'=0.66 for 1%Pd andp’=0.38 andq’
=0.62 for 1%%Pd.

Following Ref.[27], one can write the likelihood function

(10

for M for the case where the resonance spins are not knowYf

as

p’ 20002 2 <02
L(m)=P,(m) o P2I2(A2mP + 5P2)
(m=Pu(m]] J2m(AZm?+ 5P2)
+q—2e—PS/2§P; , (11)
\/2775Pp

m_
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FIG. 6. Likelihood function for'°®Pd. The peak corresponds to
M =10.9"24 meV. The small peak & =0 is due to the influence
of the large number of resonances that do not show statistically
significant PNC effects.

where P,,(m) is the a priori distribution of m. The root
mean square PNC matrix elemévitcorresponds to the value
of m at which the likelihood function peaks. The likelihood
function in Eq.(11) is not normalizable unles3,,(m) tends
to zero for largem. In practice we resolve the normalization
issue by settind),(m) equal to a constant up to some value
of m,c @and zero otherwise. For palladium, based on results
in other nuclide§6—12], we used an upper limit of 40 meV.

The detailed properties of the resonances are contained in the

parameteA,, defined by
r

whereEs, E,, T'}, andI'} are the resonance energies and
neutron widths for thess and p-wave resonances, respec-
tively. Note that the width of the Gaussian in the second term
in Eq. (11) is due only to the uncertainty in the PNC effect.
This is because thps;, resonances cannot cause parity vio-
lation.

The likelihood function for!%pPd is shown in Fig. 6,
yielding M=10.9"72 meV. This implies I',,=34"3;
x 10~ " eV. The uncertainties foll are obtained following
Eadie[30] by solving the equation

2
: (12)

2z
(Es_ Ep)

>

S

2_
Ap=

1
z.

L(m.)

v (13

In

One could also determine the uncertainties by numerically
integrating the likelihood function and finding the most com-
pact interval which contains 68% of the probability. With
this approach we obtaiM=10.9"22 meV, i.e., the same
lue ofM and slightly larger errors.
The weak spreading width determined f8fPd is signifi-
cantly larger than the results obtained in most other nuclides.
Unusually large and small values have been observed before,

as discussed by Smitdt al. [12]. These authors find an av-

erage spreading width in the mass-100 region Igf
=2.56"08% 107 eV, where the largest value i,
=16.2"355x1077 eV (*1%Cd) and the smallest value is
r,=0.00

501541077 eV (13%Cs). For %%d the likeli-
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FIG. 7. Likelihood function for'%Pd. The upper limit at the
68% confidence level favl is 5.8 meV. At a 95% confidence level,
the upper limit onM is 26 meV.

hood function is dominated by a single effect. Figure 6
shows a small second peak near zero due to the influence
the numerous resonances that do not show parity violatio

nance ag-wave, thel assignment for this resonance is un-
certain[26]. If the 593.4-eV resonance sswave, there must
be an unresolveg-wave resonance very near in energy to

the 593.4-eV resonance, with this new resonance producin'%

the PNC asymmetry. In this case the size of the PNC matrix
gugges

element is probably smaller because of the larger enhanc
ment arising from the close proximity of tre and p-wave
resonances. However, measurements performed at the for
Central Bureau for Nuclear Measuremefusrrently IRMM)

at Geel, where the energy resolution is better than in the

:

In addition, although the current analysis treats this reso

PHYSICAL REVIEW C 60 055503

numerically integrating the likelihood function to 40 meV to
determine the region that contain 68% probability. This cor-
responds to an upper limit dil,, of 12x10 7 eV. To esti-
mate the sensitivity of the upper limit to the cutoff value
Myax IN the a priori distribution we performed calculations
with different m,,,,. For the 68% confidence intervals

we find values of 3.2, 5.8, and 7.2 meV for,,,, values of

10, 40, and 100 meV, respectively. We conclude that the
108d upper limit is not very sensitive to the cutoff.

IV. SUMMARY

The capturey-ray method has been used to measure par-
ity nonconservation in°Pd and'%Pd targets. A nearly #
Csl detector was used to measure helicity-depengemelds
from neutron capture of longitudinally polarized epithermal
neutrons. A 10-G solenoidal field was used to preserve the
neutron spins during the 50-m flight from where they are
larized to the target and detector assembly. A transmission
easurement of the PNC asymmetry at 0.75-e\Ftha was
used as aiin situ monitor of the neutron polarization at the
target position. One statistically significant parity nhonconser-
vation effect was observed in the 593.4-@vvave reso-
nance in'%%Pd; no effects were observed i#Pd. Thel%%Pd
sult for the weak spreading Widtﬁw=34f‘2‘g>< 107 eV,
ts a local mass dependence. ¥ffed results provide
an upper limit on the weak spreading width,,<12
><I,’L0‘7 eV, that is consistent with measurements on other

e S .
argets in this mass region.
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