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Parity Nonconservation in Neutron Resonances in 133Cs

Abstract

Spatial parity nonconservation (PNC) has been studied in the compound-nuclear states of 134Cs by
measuring the helicity dependence of the neutron total cross section. Transmission measurements on a thick
133Cs target were performed by the time-of-flight method at the Manuel Lujan Neutron Scattering Center
with a longitudinally polarized neutron beam in the energy range from S to 400 eV. A total of 28 new p-wave
resonances were found, their neutron widths determined, and the PNC longitudinal asymmetries of the
resonance cross sections measured. The value obtained for the root-mean-square PNC element
M=(0.06_0_02+0'25 ) meV in 133Cs is the smallest among all targets studied. This value corresponds to a weak

spreading width T'y,=(0.006.0,003 % 13%)x107 eV.
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Parity nonconservation in neutron resonances int**Cs
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2L os Alamos National Laboratory, Los Alamos, New Mexico 87545

3Duke University, Durham, North Carolina 27708
and Triangle Universities Nuclear Laboratory, Durham, North Carolina 27708-0308
*TRIUMF, Vancouver, British Columbia, Canada V6T 2A3
SPhysics Department, Kyoto University, Kyoto 606-01, Japan
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and Triangle Universities Nuclear Laboratory, Durham, North Carolina 27708-0308
"National Laboratory of High Energy Physics, Tsukuba-shi, 305, Japan
8Delft University of Technology, Delft, 2600 GA, The Netherlands
(Received 19 October 1998

Spatial parity nonconservatigi?’NC) has been studied in the compound-nuclear statés‘6k by measur-
ing the helicity dependence of the neutron total cross section. Transmission measurements or*&Qbick
target were performed by the time-of-flight method at the Manuel Lujan Neutron Scattering Center with a
longitudinally polarized neutron beam in the energy range from 5 to 400 eV. A total of 28pneave
resonances were found, their neutron widths determined, and the PNC longitudinal asymmetries of the reso-
nance cross sections measured. The value obtained for the root-mean-square PNC Mlert@Q6" 52
meV in 3¥%Cs is the smallest among all targets studied. This value corresponds to a weak spreading width
T',=(0.006"3239 X107 eV. [S0556-28189)03503-7

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

[. INTRODUCTION gram to study parity violation in the compound nucleus using
the high epithermal neutron flux available at the Manuel Lu-
Parity violation (PV) research in nuclear physics has al- jan Neutron Scattering Center at the Los Alamos Neutron
ways pursued two goals: the study of the fundamental weakcience Cente(LANSCE). The TRIPLE Collaboration de-
interaction itself and, as stressed in a new revigjy appli-  veloped new techniques to produce and utilize a longitudi-
cation of PV for improved understanding of nuclear structurenally polarized beam of resonance neutrons and measured a
and nuclear reactions. The discovery of a large enhancementimber of PNC asymmetries in each of several nuclides. The
for the parity nonconservatiodfPNC) signal in neutron status of our earlier measurements is summarized by Bow-
p-wave resonances by the Dubna gr¢@popened new pos- manet al.[3] and by Franklest al.[4]. Recently the TRIPLE
sibilities for development in this field. The best method toCollaboration has published new PNC results f8fU [5],
study parity violation in the compound nucleus is the trans-232Th [6], 1*3Cd [7], 1°’Ag and '°°Ag [8], and ®*Nb [9].
mission measurement of longitudinally polarized neutrons One milestone was the development of a statistical ap-
through an isotopically pure target. The quantities measuregroach to the analysis of the PNC dat#,11. The TRIPLE
in such experiments are the longitudinal asymmetries ofollaboration introduced a new procedure to extract the root-
cross sections fop-wave resonances, defined ca§= op(1  mean-square matrix element of the weak interacteomd the
+p), whereo, is the resonance cross section ferand ~ weak spreading width in the compound nucletrem the
— neutron helicities, andr, is the resonance part of the measured PNC asymmetries of neutron cross sections. The
p-wave cross section. The Time Reversal Invariance and Pagetails of this analysis are given by Bowmanal. [12]. In
ity at Low EnergieS TRIPLE) Collaboration initiated a pro- this new approach the symmetry-breaking matrix elements
Vi, which connect theith p-wave resonance with the
kth s-wave resonance of the same spjrare random vari-
*Present address: North Carolina State University, Raleigh, N@bles with mean value zero and variamxf%. Experimental
21695-8202 and Gettysburg College, Gettysburg, PA 17325.  pNC asymmetriep; are realizations of a Gaussian variable
iPresent address_. McKlpseY ano! Company, Atlanta, GA 30303. with variancevg. It was shown that
Present address: Fukui University of Technology, 3-6-1 Gakuen,
Fukui, Japan.
Spresent address: Institute of Physical and Chemical Research U_S: 5[2 Aizk]m1 1)
(RIKEN), Saitama, 351-0198, Japan. k J
'Present address: Gettysburg College, Gettysburg, PA 17325.
Tpresent address: Wake Forest University School of Medicineywhere the expectation valudgis taken with respect to both
Winston-Salem, NC 27157. and k ensembles and the so-called “amplification param-
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eters” A2 =4T /[T i(Ec—E;)?] are determined for each T T T T

resonance. This equation and the definition
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permit extraction of the root-mean-square matrix eleniént
from the PNC asymmetrigs In practice, likelihood analysis
is used to obtaitM ; [12]. Conversely, one can use Ed) to
estimate the size of PNC longitudinal asymmetrigs:

Counts

5x108

=V ,2=(0.2-10)% for a typical value oM ;=2 meV and
a range of value$1-50 eV~* for Aj,. Because the mean- Time—of—Flight Channel
square matrix elemera;tf, is expected13] to be proportional

to the mean level spacinQ;, it is customary to introduce
the weak spreading width

FIG. 1. The time-of-flight spectrum fol*Cs for the energy
region from 22 eV to 79 eV. The channel width is 200 ns and the
detector counts are summed for two helicity states over 45 runs.

Iy=27M3/D;, 3) _ | - _
cesium target were measured with a longitudinally polarized
which has a typical value of 10" 7 eV. One expects that the neutron beam. The neutron beam was 70% polarized by
spreading width for any symmetry-breaking interaction is apiransmission through a polarized proton target. The protons
proximately the same for all nuclei. We note that local fluc-in frozen ammonia were polarized by the dynamic polariza-
tuations have been observed in the spreading width for isdion process at 1-K temperature in a 5-T field of a split-coil
topic spin mixing[14]. One major goal of the present work superconducting magnet. The proton polarization direction
and of other experiments by the TRIPLE Collaboration is tor€lative to the polarizing magnetic fielgiositive and nega-
measure the weak interaction spreading width for a numdelive proton polarizationwas reversed every few days. The
of nuclei and to determine the global and local properties ofeutron spin direction parallel or antiparallel to the neutron
the weak spreading width. beam momentumpositive or negative helicity stgtevas
For low energy neutrons thp-wave resonance neutron rapidly reversed by an adiabatic spin flipper in an eight-step
widths are very small. Our previous studies of the mass desequence with each spin state lasting 10 s. This sequence was
pendence of parity violation were performed for targets withdesigned to reduce the effects of gain drifts and residual
massesA~ 100 andA~230. These targets are close to thetransverse magnetic fields. The neutron beam intensity was
3p and 4p neutron strength function maxima. Only near monitored by a pair ofHe and“*He ionization chambers and
these strength function maxima carawave resonances be the neutron polarization was monitored by NMR measure-
observed and studied with satisfactory precision. Howevernent of the proton polarization. The absolute value of the
in order to observe possible local fluctuations, it is importanfeutron beam polarization was obtained from PV measure-
to extend measurements for targets away from these neutrdfents with a lanthanum sample by normalizing to the well-
strength function maxima. This was one of the motivationsknown longitudinal asymmetry18] for the 0.73-eV reso-
for our choice of cesium as a target for PV study. Cesium hafance in*Ya.
only one stable isotope'3Cs, with nearly the same~(20 Care was taken to remove the water of hydration from the
eV) swave Spacing a<38y and almost no knowrp_wa\/e CsF which was canned in a hermetically sealed environment.
resonance@_S]_ We felt that the apparent absencqgaﬂa\/e The 99.999% chemically pure target of CsF was contained in
resonances in cesium was due to the insufficient sensitivitgh aluminum cylinder of length 29.80 cm and diameter 11.50
of previous measurements, the latest of which was publishe@m. The target mass was 6338 g, which corresponds to an
in 1977[16]. Our interpretation proved correct: we observedareal density of 2.4210°° cesium atoms/cfa Neutrons
28 extremely weakp-wave resonances up to 400 eV. In were detected at 56.74 m from the source by a large
many cases, the neutron Spectroscopic ana|y3is of the 0698-|Oad6d |ICIU|d scintillation detector segmented into 55
servedp-wave resonances led to large amplification paramCE”S. The 55 separately discriminated signals were linearly
etersA;, favorable for PNC. However, the experimental lon- SUmmed. An analog-to-digital convertgkDC) transient re-
gitudinal asymmetries have rather small values. From thigorder was used to sample the summed signal in 8192 time-
result, the conclusion is that cesium has an exceptionall@f-flight channels of 200-ns width. After 20 eight-step se-

small value of the weak matrix elemeMtand the spreading gquences, the data from this approximately 30-minute period
width T, . were stored as a “run.” In the final data analysis 104 runs

with positive proton polarization and 90 runs with negative

Il. EXPERIMENTAL METHOD proton polarization were used. A sample of a neutron time-

of-flight spectrum for 45 runs is shown in Fig. 1. As can be

The experiment was performed by the time-of-flightseen in Fig. 1, the spectrum contains exceptionally small

method at the pulsed spallation neutron soUrt®d of the  transmission dips. We list all of them in Sec. Ill, Table I. We
Manuel Lujan Neutron Scattering Center at the Los Alamoslo not include resonances from the latest measurements on

Neutron Science Center. We refer to earlier pap&«9] for cesium[16]. Resonances in Table | are either known or new
a detailed description of the experimental method; here weesonances in cesium or resonances in target contaminants.
provide only a brief summary. Transmission data on a thickn the latter case, the peaks should correspond to strong reso-
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TABLE |. Neutron resonance parameters fofCs.

E (eV) al’,, (meV) I Ja Aj_3 (1/eV) Aj_s (1/eV)
5.91+0.01 3.23-0.15 0 3

9.50:0.01 (0.95-0.10)x 1073 1 3 38.0 9.6
16.77£0.02° (0.77+0.08)x 10~ * 1 88.8 34.2
18.86+0.02° (0.68+0.09)x 10~* 1 133 36.7
19.98+0.02° (0.38+0.04)x 1073 1 79.4 15.8
22.52+0.02 3.38-0.20 0 3

30.00+0.03° (0.55+0.07)x 10~* 1

33.00+0.03° (2.90+0.40)x 10~* 1 35.7 18.2
42.75+0.04° (0.65+0.08)x 1073 1 49.0 12.4
44.63+0.04° (3.40=0.40)x 1073 1 34.9 54.6
47.52+0.04 8.72:0.71 0 3

58.09+0.04° (0.4+0.1)x 1073 1 51.4 17.3
59.61+0.04 (0.36-0.10)x 10" 1

60.24+0.04° (1.95£0.23)x 103 1 44.4 7.90
78.52+0.05° (0.50£0.07)x 103 1 22.4 24.6
80.00+0.05° (1.54+0.25)x 1073 1 13.6 15.6
82.71+0.05 3.18-0.47 0 4

88.96+0.06° (1.60£0.13)x 102 1 10.3 23.0
94.21+0.06 11.6:1.0 0

110.45-0.07° (0.16+0.02)x 102 1 8.8 18.9
115.00+0.07" (0.41+0.05)x 1072 1 5.7 20.4
117.51+0.07° (0.40+0.06)x 10”2 1 75 37.3
119.92+0.08° (5.40+0.45)x 1072 1 1.6 86.7
126.1+0.09 58.6-0.5 0 4

140.0+0.1 3.72:0.35 0 3

146.0+0.1 13.61.2 0 4

155.3+0.1° (0.88+0.09)x 10" * 1 1.2 7.2
167.0+0.1° (0.20£0.02)x 101 1 1.9 5.2
181.5+0.1 1.040.11 0 3

201.1+0.2 10.6-1.0 0 4

207.5+0.2 2.08-0.21 0 4

217.1+0.2° 0.27+0.03 0 4

220.5+0.2 11.1-1.3 0 4

234.1+0.2 193.3:15.0 0 4

238.4:0.2 7.0:0.8 0 4

267.5:0.2° (8.2+1.0)x 1072 1 0.7 3.8
271.0:0.2° (3.6+0.5)x 1072 1 1.2 5.7
273.6:0.3° (1.40=0.13)x 1072 1 2.1 9.0
284.9+0.3° (12.6+1.1)x 1072 1 2.2 4.3
288.4:0.3° (28.6+3.1)x 1072 0

295.5-0.3 61.2:6.0 0 4

312.0:0.3° (4.0+0.4)x 1072 1

324.0:0.3° (3.0£0.4)x 1072 1

328.0:0.3° (3.0+£0.4)x10°* 1

330.2+0.3° (1.6+0.2)x10°* 1

359.1+0.4 18.6-1.6 0 4

362.8£0.4° (1.6+0.2)x 1071 1

377.1+0.4 8.9:0.9 0 3

386.30.4° (0.30+0.03)x 1071 1

400.5+0.4 132.6:18.0 0

aJ values from[15].
bNew resonances.
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FIG. 3. Cumulative number of levels for*Cs s-wave reso-
FIG. 2. Sample fit(solid line) to a time-of-flight spectrum nances. A linear fit was used to extract thwave level spacing.
(pointg for the energy region from 5.9 eV to 22.5 eV. The dashed

line is the background. The chi-square value per the degree of fres'esulting resonance energies BfCs have better accuracy

han in previous measurements. Most of theave reso-
nance parameters agree with those given in the compilation
%}1 Mughabghatet al.[15]. For new resonances we assigned
the orbital angular momentumprobabilistically, following
ollinger and Thomag23]. This procedure applies the
ayes theorem to the Porter-Thomas distributions of neutron
Ix{\éjdths fors- andp-wave resonances. Our application of this
&rocedure is described in R¢R21].

Our resonance parameters are listed in Table I. The reso-
nance energy, neutron width, orbital angular momentum
and total angular momentuthare given for all resonances
for which they were measured, while the quantigy

After correction for dead time count losses, the experi-= (A} is listed for thosep-wave resonances for which the
mental spectra were analyzed to obtain resonance parameté@ggitudinal asymmetry was measured. Because the spins of
Eo andgl', using the multilevel fitting codeiTxs [19] de-  thep-wave resonances are unknown, there are two entries for
veloped for fitting time-of-flight TOF) spectra measured at A; corresponding to spind=3 andJ=4 for which mixing
the LANSCE pulsed spallation neutron source. Details of thef p- ands-wave levels by the weak interaction is possible.
fitting procedures are given by Matsuf20] and by Craw- TheA; values are zero for spirs=2 andJ=5 because such

dom is about 1.2 when fitted in the limited range of chanels aroun
the 9.5-eV resonance.

nances. We checked the energies and strengths against
known strong resonances in other elemgrtS] and con-
cluded that the newly observed weak dips belong to cesiunE
It is not surprising that they were not observed earli],
because we used a sample about 10 times thicker than in t
previous measurements and the spallation source
LANSCE produced a much more intense neutron beam.

ll. p-WAVE RESONANCES IN 13%Cs

ford et al. [21]. The final fitting function is written as p-wave resonances cannot exhibit parity violation. The am-
plification parameters,; for cesiump-wave resonances have
@ 3 a nearly the same size as f&¢ p-wave resonances if*°Th
F()=|B(t)® Eefn%(t) +i_20 o (49 [6]. The large values of the amplification parameters make

13%Cs a good candidate for PNC study.

Here op(t) is the Doppler-broadened total cross section for Before describing the PNC data analysis we first consider

s andp-wave resonances written using the Reich-Moore ap:the neutron spectroscopic results. Figures 3 and 4 show the

proximation [22]. B(t) is the instrumental response func- c_umulat|ve number of Iev_els an_d F_|gsj 5 and 6 the cumula-
tion, which includes line broadening due to the initial width tive reduced neutron width d|§tr|l?ut|qns for tre an_d

of the proton pulse, neutron moderation time in the wateP Wave resonances. Botwave distributions have a typical
moderator, finite TOF channel width, and time of the neutron
moderation in the'°B-loaded liquid scintillator before cap-
ture by boron-10. The energy dependence of the neutron flux
at epithermal energies is given yEP. The second term on
the right side of Eq(4) represents a polynomial fit to the
background. The symbab indicates a convolution. Sample
multilevel fits are shown in Figs. 1 and 2.

The resonance parameters were determined by fitting the
time-of-flight spectra summed for both helicity states. Since
the initial time-of-flight spectra were taken with unknown o b
detector efficiency and neutron flux, a normalization proce- 100 200 300
dure was performed using known resonance paramgtéts
for several low-energy cesium resonances. This procedure
was the main source of the systematic uncertainty of 9% in  FIG. 4. Cumulative number of levels for3Cs p-wave reso-
our gI',, values. The neutron energy scale was calibrateghances. The linear fit indicates that some levels are missed above
against the resonance energiestflisted in Ref.[15]. The 120 eV.

E (eV)
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FIG. 5. Integrated reduced-neutron width distributionfevave
resonances in cesium up to 800 eV. The dashed line is the Porter- FIG. 7. Thep-wave neutron strength functio® versus mass
Thomas distribution. numberA in the region of the  maximum. TRIPLE data are
presented by solid circles.
shape, while the plot of the cumulative number of levels for
the p-wave resonances indicates that some levels are beingle j=1/2 component is expected to be relatively stronger
missed above 120 eV. Thewave reduced width distribu- than thej = 3/2 component on the higher-mass side of tpe 3
tion in the limited energy region up to 120 eV is reasonablemaximum nea” = 100 and weaker on the lower-mass side.
considering the relatively small number of levels involved. Also we note that in this mass region local fluctuations of the
From linear least-squares fits of the curves in Figs. 3 and 4, neutron strength function were observed and attributed to
the averages- andp-wave level spacings were determined to nuclear shell structure effecf@5] and to the influence of
be 20.5-1.9 eV and 8.861.0 eV, respectively. Neutron (two-particle—one-hole doorway states[26,27. All this
strength functions were obtained from these data accordinghysics can be apropos for the PV in compound nuclei, hav-
to the definition ing in mind local fluctuations in the mass dependence of the
| weak spreading width.
2gl’,
"~ (21+1)AE’ ®)
IV. PNC DATA ANALYSIS AND RESULTS
where the summation is over the reduced neutron wigfHs A. PNC data

values in the energy intervadlE andl| is the orbital momen- o i ) ] .
tum (I =0 for swaves and =1 for p waves. The results are Longitudinal asymmetries were determined using the fit-
S,=(0.80£0.17)x 104 and S,=(1.1+0.3)x10°% The ting coderiTxs with fixed resonance parameters which were

value of thep-wave neutron strength function for cesium was ©Ptained first by fitting to the summee) and (-) helicity

not known prior to the present measurement. We include thePectra. We introduced asymmetries andp ™ for the sepa-
present value in the plot in Fig. 7, which shows the masgaté + and — helicity spectra by the definitionr, = o7(1
dependence of the-wave strength function versusin the ~ +P~), and determinegp™ andp™ from the fits. The result-
vicinity of the 3 strength function maximum. Data from Ing longitudinal asymmetriep were determined fronp
Ref. [15] are supplemented with results from the TRIPLE =(p"—p~)/(2+p"+p~). Details concerning the applica-
spectroscopic studies of neutrpawave resonances. Cesium tion of the FITXs code to PV data are given by Crawford
has the lowest value of thp-wave strength functiors, et al. [5]. For eachp-wave resonance studied the PV longi-
among nuclei studied by the TRIPLE Collaboration. In thistudinal asymmetries from separate runs were histogrammed
mass region, the spin-orbit interaction influences ®e,, ~ for positive and negative proton polarization to obtain a
and 51_1:3/2 components of the-wave strength functiop24]: mean value of the asymmetpyand its uncertainty. An ex-

LQ F - — n O |
C: ~
3
[a']
s 5 5 oL ]
i~ ©
el
0 - — E 0 - _
3
=z,
o L Coo el R LR o L PR I Lo
1077 107! 10° 10! -05 0.0 0.5 1.0
ngFn1/<an1> P (%)

FIG. 6. Integrated reduced-neutron width distribution for  FIG. 8. Histogram of the longitudinal asymmetries for the
p-wave resonances in cesium up to 120 eV compared to the Porte®.50-eV resonance obtained for each of 104 runs with positive pro-
Thomas distribution. ton polarization.
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TABLE II. Longitudinal PNC asymmetries for neutron reso- i — ‘ . —
nances in*Cs.
E, (eV) p (%) p/ 8p N = 00067071077 ev)
9.50 0.242-0.023 10.4 . °

16.77 —0.35-0.47 -0.8 =4l il

18.86 ~0.28+0.62 -05 °

19.98 —0.01+0.14 -0.1 al |

33.11 0.050.30 0.1

42.75 —-0.17-0.18 -0.9 e ‘ ‘

0.0 0.1 0.2 0.3 0.4 05

44.63 0.06:0.15 0.4 I (107 ev)

58.09 1.2x61.74 0.7 M

60.24 —0.08+0.14 —-05 FIG. 9. Likelihood functionL versus the weak spreading width

78.52 —1.20+1.35 -0.9 I,, for p-wave resonances itt*Cs. A spinJ=3 is assumed for the

80.00 —0.17£0.29 -0.6 9.5-eV resonance. Indicated errors are from exQf) levels of

88.96 —0.050+0.03 -16 likelihood.
110.5 0.62:0.44 1.4
115.2 0.02-0.27 0.1 spinsJ=2, 3, 4, or 5, whilesswave neutrons excite states
117.7 0.12:0.23 0.5 with spinsJ= 3 or 4. Resonances with=2 andJ=>5 cannot
119.9 0.05-0.03 1.7 mix with swave resonances. Therefore only the 3 and
155.3 —0.070+-0.028 25 J=4 states in the compound nuclet’¥Cs can exhibit PNC
167.0 —0.08+0.10 -0.8 longitudinal asymmetries. Their contribution t¢I",,) is ac-
267.5 —0.07+0.08 -0.9 counted for by the first term in E§6) while the second term
271.0 0.05-0.20 0.2 corresponds to th8@=2 andJ=5 states. Since the spins of
273.6 —0.45+0.50 ~09 the p-wave resonances are not known, terms with all four
284.9 0.02-0.06 03 possible] values occur in Eq(6). The terms with1=3 and

J=4 depend oM ; while terms withJ=2 andJ=5 do not.

If a measured asymmetry is nonzero, then the terms With

ample of such a histogram is shown in Fig. 8 for the 9.50-ev=2 andJ=5 play a small role. If a measured asymmetry is
resonance. The values of the longitudinal asymmetries detestatistically consistent with zero, then all four terms are im-

mined forp-wave resonances if*°Cs are listed in Table II. portant. The nonzero asymmetry may be small because the
matrix elements for the particular=3 or J=4 states are
B. PNC analysis and results small by chance. Application of Eg6) to the p-wave reso-

) o . hances with unknown spins requires knowledge of the spac-
Finally, we constructed the Bayesian likelihood functionjngs p . We used the valueB,_;=47 eV andD,_,=36

L versusl'y, using the asymmetries from Table Il and Eq. g\/ \which we obtained fronDo=20.5 eV by applying the

(28) from the work of Bowmaret al. [12]: (23+1) law for level densities.
The likelihood function with allp-wave resonance spins
L(FW)ZH E PO(M)r(J)P'(pi|M;Ai(J),a,0;) unknown is shown in Fig. 9. The maximum likelihood esti-
i |J=1=12 mate and the 68% confidence interval obtained from this plot
are
+ r(3)G(p;.o7) |, (6)
1-1Fan o I',=(0.006 %1% %1077 eV. @

where M; is expressed through',, as M ;= I',D/27. The large value of the confidence interval in this result is due
Here P°(M,) is the prior probability density function for to only two statistically significant asymmetries and uncer-
M, and the valu’(M;)=1 is assumeds;(J) is the rela- tainty in theA; coefficients associated with unknown spins of
tive probability of spinJ, G(p; ,o?) is a Gaussian with ex- resonances. The uncertainties in thes associated with the
perimental asymmetrp; and corresponding uncertaindy , uncertainties in other resonance parameters were not in-
the quantitya? is the ratio of thepg, and p;, neutron cluded because they were about 10% for each resonance and
strength functions, anB' is the appropriate probability den- the likelihood analysis reduces their influence.

sity function discussed in detail in R¢fl2]. This expression Neglecting any possible differences M; and D; be-
holds for our particular cases-wave spins known, most tween states witd=3 andJ=4, that is, using Eq(3) with
p-wave spins unknown, and the= 1/2 andj =3/2 projectile- D=2Dy,=41 eV, we obtain a value of the root-mean-square
spin amplitudes unknown. These uncertainties were acamatrix elementM = (0.06"533) meV. The likelihood func-
counted for in a statistical manner as described by Bowmation L(I",,) has a relatively long tail. We could have chosen
et al. The value of the parametexr was taken to be 0.70 z=InT, as the independent variable in the likelihood analy-
+0.10[28]. The weak interaction mixes states of the oppo-sis. The likelihood function for this choice is shown in Fig.
site parity but with the same spih For a3%Cs targeitarget ~ 10. This likelihood function is more nearly symmetric than
spinl=7/2), p-wave neutrons excite compound states withthe likelihood function fol",, and to a good approximation
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FIG. 10. Likelihood functiori for the weak spreading width,, FIG. 11. Likelihood functiorL for the weak spreading width,,
for p-wave resonances ih**Cs in the logarithmic representation. for p-wave resonances iHCs in the logarithmic representation. A
The spins of allp-wave resonances are unknown. spinJ=4 is assumed for the 9.5-eV resonance.

YORT ; ; ; ; . the 9.50-eV resonance with &Ostatistical significance and
the likelihood functionL(z) is Gaussian. Accepting the defi- . . C
(2 bung at the 155-eV resonance with 2:5statistical significance.

nition of standard error as for a Gaussian gizesinI',,= .
_ 1.39,, : - - The otherp-wave resonances that did not show any PNC
5.12" 159 with T, expressed in units of 10 eV. SpinsJ effect are also important in establishing the weak matrix el-

=3 andJ=4 are both possible for the 9.5-eV resonance. For o
=3, we obtain the same value as in Ed) for the maxi- ement because PNC amplification parameters are large for

mum likelihood estimate of’,,, although the function many of them. The values of the root-mean-square PNC el-

- 0.2 . .
L(I'y) is narrower than in Fig. 9. Fo¥=4, we obtain the ?mﬁnE)MOES(f%'?% &Olg)o_r?e\\// "_"”‘isgge wea:; spreaﬂlngt V\f"dhh
likelihood function shown in Fig. 11. The larger value of the hW_( ’ 0.00 he n S ar(TI € smafles ho a
maximum likelihood estimate in this case is due to thell® targets StUd!Ed by the TRIPLE Co aboration. These re-
sults together with similar conclusions from PNC results for

smallerA;_, value (see Table )l as compared to thé=3 - ) o : )
case. The maximum is inside the 68% confidence interval fo '°b'“”?[9] p_rowde additional evidence that there exist IOC&."
luctuations in the mass dependence of the weak interaction

the value of Eq.(7). However, a spin assignment for the . . ; X ; :
9.5-eV p-wave rqe(so)nance would bepuseful g in compound nuclei. More detailed study including spins and

S112,S5 strength function measurements fpiwave reso-
nances is needed to understand this behavior.
V. SUMMARY
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