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Parity Violation in Neutron Resonances of 117 Sn

Abstract

Parity nonconservation (PNC) has been studied in neutron p-wave resonances of !17Sn. The longitudinal
asymmetries were measured for 29 p-wave resonances in the neutron energy range 0.8 eV to 1100 eV.
Statistically significant PNC effects were observed for four resonances. A statistical analysis determined the
rms weak mixing matrix element and the weak spreading width. A weak spreading width of

I=(0.28.9157%56)x10"7 eV was obtained for!!7Sn.
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Parity violation in neutron resonances of 11’Sn
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Parity nonconservatiofPNC) has been studied in neutrgrwave resonances df’Sn. The longitudinal
asymmetries were measured for pAvave resonances in the neutron energy range 0.8 eV to 1100 eV.
Statistically significant PNC effects were observed for four resonances. A statistical analysis determined the
rms weak mixing matrix element and the weak spreading width. A weak spreading width,, of
=(0.28"939x 107 eV was obtained fot’Sn.

DOI: 10.1103/PhysRevC.64.015502 PACS nuner25.40.Ny, 24.80ty, 11.30.Er, 27.90:b

[. INTRODUCTION to measure many PNC asymmetries in the neutron reso-
nances of a given nuclide, in order to perform a statistical
The observation of very large parity nonconservinganalysis. These measurements and their analysis have been
(PNOQ) effects in neutron resonancgs] initiated an exten- discussed in a number of revieWd—6]|. Following initial
sive study of parity violation in nuclei. For somewave measurements if*®U [7] and ?**Th [8], we redesigned and
resonances at low energies the helicity dependence of tHebuilt the entire experimental system and repeated with
neutron cross section is strongly enhanced and shows vefuch higher statistics the study of these two nucli@%0].
large PNC asymmetries. These large effects are the result d#any PNC effects were observed and rms weak matrix ele-
mixing of neighborings-wave resonances with thrgwave  ments and weak spreading widths were determined. It was
resonances in question. This effect was first predicted bgonsidered important to extend these measurements to other
Sushkov and Flambaufi2] and observed shortly thereafter regions of the nuclear periodic table. Since the study of the
by Alfimenkov et al. [1]. Also a new approach of the data PNC effects onp-wave resonances is practical only in the
analysis was developed where the compound nucleus Kggion of a maximum of the-wave strength function, we
treated as a statistical system and the PNC matrix elementext performed experiments in the regidr=90-130, near
are assumed to be independent random Gaussian variablgse 3p strength function maximum &&= 110. Our collabo-
This approach can be compared with the classic approach e#tion has performed measurements Ghlb [11], '°Rh
measuring a parity-forbidden observable related to parity12], 1°61%Pd[13], 10710%ng [14], *3Cd [15], 9n [16],
doublets in light nucle[3]. There the major difficulty was 2%128b and'?! [17], and *%Cs[18].
determination of the wave functions of the states with suffi- The 1’Sn target has a special feature that makes the study
cient precision, while in the present approach the primanof parity violation more interesting—th&’Sn nucleus has a
difficulty is obtaining sufficient PNC effects to perform a closed proton shellat Z=50 the Igg, shell is filled. The
statistical analysis and sufficient spectroscopic informatiorexcitations of the compound system®n produced in the
to reduce the size of the error in the determination of theneutron capture are dominated by couplings of multiparticle-
relevant parameters. multihole valence neutron configurations. As a result, the
The TRIPLE Collaboration built an experimental systemmatrix elements of the two-body part of the weak isovector
pion-nucleon exchange potential are expected to be zero and
a theoretical treatment of the parity violation simplifies.
*Present address: Stanford Linear Accelerator Center, Stanford, The fact that the targeft’Sn has nonzero spinleads to a
CA 94309. number of complications in the analysis. The parity violation
TPresent address: Gettysburg College, Gettysburg, PA 17325. is caused by the mixing ofwave resonances info-wave
*present address: Fukui University of Technology, 3-6-1 Gakuerfesonances. However, only thaseave resonances with the

Fukui-shi, Japan. same total spid but with opposite parity as a givgmwave
Spresent address: Institute of Physical and Chemical Researdigsonance can mix to produce parity violation. For an even-
(RIKEN), Saitama 351-0198, Japan. even nuclide witH =0 all of thes-wave resonances have the
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same spi= 3, and the mixing takes place only betwegh  first chamber contain§He. Neutron capture orfHe pro-
and 1~ resonances. When the target nucleus does not havices a large ionization signal, but backgroupdays are
I =0, there are twa) values for theswave resonances and also detected. Since there is a large backgroung odys
three or fourJ values for thep-wave resonances. In most produced by the moderator, a second ionization chamber of
cases the spingare not known. The analysis procedure thatthe same size and pressure, but contairfiHg, was located
we adopt is to include all available spectroscopic informatiordirectly behind the®He chamber. Since the second ioniza-
and average over unknown spectroscopic parameters. Thiggn chamber is sensitive only tg rays, the final monitor
increases both the complexity of the analysis and the resulkjgnal was obtained by subtracting thele detector signal
ing uncertainty in the determination of the value of the weakfrom the 3He detector signal. The monitor was necessary for
matrix element and the weak spreading width. the asymmetry measurements, since large changes in neutron
In Sec. Il we describe the experimental procedure. Thejyx between two proton pulses can produce a false asymme-
data processing and analysis are discussed in Sec. lll. Thg, The monitor measures the current with accuracy better
determination of the rms weak matrix element and the weakhan 104 during one run.
spreading width is presented in Sec. IV. The final section The neutron beam was polarized by transmission through
gives a brief summary. a polarized proton targef24,25. For neutrons scattering
from polarized protons, there is a large difference in the
cross section for the two neutron helicity states. The trans-
Il. EXPERIMENTAL PROCEDURE mitteq neutron beam was approximately 70% polari_zed. The
polarized protons were produced in frozen ammonia by dy-
The experiment was performed at flight path 2 of thenamic nuclear polarization. The ammonia was cooled in lig-
Manuel Lujan Neutron Scattering Center. Neutrons were credid “He to 1 K and placed within a 5-T superconducting
ated via the spallation process: the 800-MeV pulsed protomagnet. By choice of the microwave frequency the proton
beam from the Los Alamos Neutron Science Center linagolarization state could be changed. Changing the direction
was accumulated in a proton storage ring and then bomef the proton polarizatiortand therefore of the neutron spin
barded a tungsten spallation tar§@8]. The proton pulse is state provides an excellent opportunity to test for systematic
produced at a frequency of 20 Hz, with a time width of 250errors. However, since this change took several hours, the
ns at the base of the pulse. The resulting neutrons were mogolarization state of the target was changed only twice dur-
erated in a water moderator. After the moderator, the neuing the experiment.
trons were collimated to a 10-cm diameter beam inside the The neutron polarization was reversed on a short time
5-m thick biological shield. The neutron energy was deterscale with a system of longitudinal and transverse magnetic
mined from the time-of-flight over a 59-m flight path from fields—a neutron spin flippel26]. The longitudinal fields
source to detector. The detector was an array of 24 Csl crysre parallel to the beam momentum for the first half of the
tals [20,21 placed around the sample, providing approxi-device and antiparallel for the second half. The transverse
mately 3.0r of detection solid angle, for detection of gamma field has its maximum at the center of the spin flipper, and
rays from neutron capture. These crystals were packedhen on produces a magnetic field that smoothly reverses
tightly in a cylindrical array, with a 20-cm cylindrical hole direction over the length of the system. The net result is a
through the middle to allow access for the neutron beam anchagnetic field that is constant in magnitude and rotates 180°
a hollow cylinder of °Li-loaded polyethylene as a shield. over the length of the spin flipper. The neutron spin adiabati-
Additional collimators provided a beam spot of 9 cm in di- cally follows the direction of the magnetic field and this
ameter at the target. The signals from the Csl crystals werkeads to the reversal of the neutron polarization. When the
detected with photomultiplier tubes, discriminated using contransverse field is off, the change in the sign of the magnetic
stant fraction discriminators, and fed into a coincidence logidield in the center of the spin flipper is too abrupt for the
unit as described in Ref21]. An event was accepted only if neutron spin to follow the field, and the polarization state
the summed logic pulse resulted from the coincidence of atemains unchanged. The neutron spin state was reversed ev-
least twoy-ray signals from the detector array. This require-ery 10 s.
ment reduced the background significantly and provided ap- The neutron spin state was changed following an eight-
proximately 50% efficiency of registering the neutron cap-step sequence. The sequence used was+0—00—,
ture event. The output pulses from the coincidence logic unitvhere 0 corresponds to the spin parallel to the beam direc-
were counted by a multiscaler and introduced into the datation, and= corresponds to the spin antiparallel to the beam
acquisition system with an accumulating memory and &lirection (+ means that the transverse field is on in the up or
dwell time of either 0.1us or 1 us. The start time of the down direction. By changing the spin every 10 s, the experi-
time-of-flight spectrum is obtained from the proton pulse,ment was insensitive to long time period drifts in the neutron
and the resulting time-of-flight covered either 0.8192 ms offlux or detector efficiency. The use of the eight-step sequence
8.192 ms for the 0.}ss or the 1.0us dwell times, respec- also removed linear or quadratic short term drifts in the
tively. The data were analyzed in the energy interval from 27count rates. As an additional quality control, each eight-step
eV to 1100 eV for the 0.1xs dwell time and from 0.8 eV to sequence was labeled good or b@thd stored separately
300 eV for the 1.0ps dwell time. depending on whether or not the neutron beam monitor var-
The relative neutron flux for each proton pulse was monided more than 8% in intensity over the course of the se-
tored with a pair of helium ionization chambdr23]. The quence. At the end of each half hour the accumulated
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spectra for the good and bad data were stored and labelgafler broadening, which is determined by the neutron energy
as a ‘“run.” and the target temperature. These Doppler-broadened reso-
For low energy neutrons and the long flight distance of 5%hances were then convoluted with the beam response func-
m, interaction of the neutron spin with the earth’s magnetiction. The beam response shape was primarily defined by the
field can produce significant depolarization. The neutron poneutron moderator. The initial beam response function was
larization was maintained over the flight path from the neu-Gaussian convoluted with an exponential tail. A detailed
tron source to the interaction tal’get with a 10-G Solenoidahna|ysis Of the resonance Shapes Observed in Capture and
magnetic field. The entire length of the beam pipe, from theransmission measurements determined that a second Gauss-
spin flipper to the target, was wrapped in wire coils with ajan with a longer exponential tail was required in order to fit
constant electric current as described in R¢24,22. The  the resonance line shape wE]. The Csl detector did not
neutron polarization at the target was monitored by measuregqq any measurable broadening to the line shape. The neu-
ment of the well known parity violation in the 0.74-eV reso- tron flux followed a power law of the fornCE~*. This
nance in**¥L.a [27]. A lanthanum metal sample was placed power law works very well in describing the neutron flux
behind the interaction target, ancPhi-loaded glass detector from the moderator for neutron energies from 1 eV to several
measured the neutron transmission through'fffea sample  kev. Since there were no resonances below 1 eV in the
for two helicity stated28]. This method provided approxi- present experiment, this expression was used in all of our
mately a 20% measurement of neutron polarization per 30gnalyses, and the values of the parameters can be found in
min run to monitor the preservation of the neutron polariza-Ref. [31]. The Csl detector had a time-of-flight dependent
tion by the spin transport system. background. This background was fit separately as a
The target was an 87.6% enrichéfSn solid metal tar- quadratic function in each time-of-flight region and then
get, in the form of a rectangle of 7.7 ¢n6.3 cm on aver- sybtracted.
age and 1.3-cm thick. The target was placed in the center of Once the spectral line shapes were understood, the analy-
the two Csl arrays, where the normal to the larger targesis could proceed. The first step was to determine the flight
surface was along the beam direction. path length and the constant spectrum offset by calibrating to
the energies of known resonances. The results are reported in
our paper on the neutron spectroscopy*d%n[31], which
contains other details concerning the data analysis, including
multiple scattering corrections and procedures for obtaining
The first step in the analysis was to sort the data intadhe neutron flux parameters, the resonance parameters, and
acceptable and unacceptable data runs. As mentioned abotke average level spacings and neutron strength functions.
the acquisition system automatically sorted the runs intolhe resonance neutron widths were determined for neutron
“good” and “bad” runs according to the 8% beam stability energies from 1 eV to 1500 eV. The parity of the resonances
criterion. Only the “good” runs were included to the final was inferred from the neutron widths by applying Porter-
analysis. During thé'’Sn measurements, however, the beaniThomas distributions in a Bayesian analysis, as described
instability below the 8% threshold produced, from time toin Ref.[31].
time, intensities that were slightly different in flipped and  After the neutron resonance energies and widths were ob-
nonflipped parts of some runs. We decided to use the gamntained, the yield asymmetries were determined for the reso-
detector signal as a sensitive monitor for such instabilitiesnances. The background, resonance energy, and neutron
The integrated time-of-flight rates of the detector are domiwidth were held fixed, and the peak area was allowed to vary
nated by counts from strongwave resonances. Parity vio- for each neutron spin state. The yield asymmetries were ob-
lation in theses-wave resonances is strongly suppressed to #ained from the difference between the yields for the two
level less than 10%. A data run was rejected if the asymme- spin states divided by the sum of the yields. The beam po-
try in the integrated time-of-flight spectrum was greater thararization was determined by comparing the transmission
0.06%. Altogether, this led to rejection of about 7% of themeasurement o*®La to the previously known parity vio-
“good” runs. The acceptable runs were then summed tdating asymmetry in the 0.74-eV resonance={(9.35
obtain the experimental time-of-flight spectrum for each spint0.35)%. The yield asymmetry was divided by the beam
state. In the final summed spectra, there was a 0.003% asyrpelarization to obtain the final PNC asymmetry of the
metry for the entire time-of-flight spectrum for both the p-wave resonances. These asymmetries are listed in Table |
0.1-us and 1.0us dwell time data sets. for all p-wave resonances observed in the present experi-
The summed spectra for each spin state were analyzadent. The table lists the resonance energy, the asymmetry of
with a fitting coderiTxs [29] developed specifically for these eachp-wave resonance, and the asymmetry divided by its
experimentseITxs minimizesy? for a region of the time-of- error. We consider as statistically significant those reso-
flight spectrum to determine experimental parametitight  nances with an asymmetry to uncertainty ratio of 3 or
path length, spectrum offgetand resonance parameters greater. Applying this @ criterion, there are four significant
(resonance energy, neutron widgiyay width). The neutron asymmetries in the present data. Only one of these cases, the
cross sections were calculated with the formalism of Reichl.33-eV resonance with=(0.79+0.04)%, had been stud-
and Moore[30], which provides a description of the reso- ied before with the following resultgp=(0.45+0.13)%[1]
nance shapes for the neutron capture peaks. These resonaace p=(0.77+0.13)%[32].
shapes were convoluted with an additional width due to Dop- For the resonances with the most significant asymmetries

IIl. DATA ANALYSIS
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TABLE I. Measured longitudinal PNC asymmetries for neutron rrrrJprrrrprrrrprrrrrpore
resonances ifl’sn. 1.33 eV resonance
Energy(eV) Asymmetryp (%) p/Ap

1.33 0.786:0.036 21.7 -‘E

15.39 -0.384:0.817 0.5 §

21.39 -0.044:0.662 0.1 et

26.22 0.2790.154 1.8 (%

34.04 -0.084:0.022 3.8

74.39 -0.003:0.033 0.1
158.33 0.018:0.035 0.5
166.32 0.686:0.656 1.0 Wl b
200.78 -0.0140.032 0.4 10000
221.17 0.0068:0.042 0.0 o 8000
275.21 0.0140.059 0.2 § 6000
297.36 -0.028:0.039 0.7 8 4000
423.29 -0.312:0.045 6.9 E 2000
488.46 -1.3150.577 2.3 0 P
526.34 -0.036:0.051 0.7 2000B00 a0 Lo Loy b 11
532.62 -0.00%0.042 0.2 2000 3000 300 4000 40 5000
554.57 0.00&0.064 0.1 Time (ps)
573.24 -0.062-0.066 0.9
628.59 -0.052:0.293 0.2 FIG. 1. Sum and difference data for the two neutron spin states
646.68 0.036:0.060 0.5 in the region of the 1.33-eV resonance. The solid lines are fits to the
658.50 0.0540.046 1.2 data. These are the raw data before applying the polarization and
685.74 0.03%#0.067 0.6 multiscattering correction. The 1.33-eV resonance displays the most
694.43 -0.0510.293 0.2 significant asymmetry measured in this work.
698.31 -0.0750.104 0.7
852.58 0.05%0.126 0.4
882.31 -0.009:0.054 0.2 the experimental asymmetries. Some of {havave reso-
983.29 -0.03%0.176 0.2 nances will display an asymmetry because of weak mixing
1044.97 1.06Z0.345 3.1 between thes-wave andp-wave resonances, which occurs
1078.56 0.116:0.243 0.5 only between resonances with the same total shirfor

117Sn with target spinl =3, there are two sets of-wave
resonances)=0 and 1 and three sets gi-wave resonances
(at 1.33 eV, 34.08 eV, and 423.3 eV, respectiyetiie data (J=0, 1, and 2. In this experiment, only a few of thewave

for the sum of the yields in the two neutron spin states argesonances have knowd values, and only the 1.33-eV
compared to the data for the difference in the yields in Figsp-wave resonance has a known spia 1 [33].

1-3. The solid lines in the figures represent fits to the data: The analysis methods are discussed in detail by Bowman
the FITxs fit to the sum of the yields and the difference of et al.[34]. The spirit of the approach is to include all avail-
FITXs fits to the positive and negative yields. From the figureable spectroscopic information and then to average over re-
for the 1.33-eV resonance, one can infer the magnitude of thenaining unknown parameters. The magnitude of the parity
systematic errors in these data. For a large region of time ofiolating asymmetry for a giverp-wave resonance. is
flight, the data on both sides of the resonance are consistegiven by

with zero difference, with small error bars. This consistency

with zero difference is also displayed in the figures for the

34.08-eV and 423.3-eV resonances, although for smaller 2V T, U,
time-of-flight regions. The figure for the 423.3-eV resonance P.= e . > v = D
is interesting because it displagswvave resonances along vid, =y E.~E, \/F#n \/9#1,2+ 9,

with the p-wave resonance. Even though there is a much

larger count rate for the-wave resonances, the difference

between the yield for the two spin states is still very small. where the summation is over alwave resonances with
J,=J,.,V,, is the weak interaction matrix elemei, and
E,. are the energies of the andp-wave resonance§,, and

IV. DETERMINATION OF WEAK SPREADING WIDTH I', are the corresponding neutron widths, apd andg,,

A likelihood analysis is performed to determine the weak@'® the projectile-spin neutron amplitudeg,( +9,,
mixing matrix element and the weak spreading width fromZFMn). The weak interaction matrix elemevif, is assumed
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34.04 eV resonance
107

Sum (counts)

Difference

T Ty
=
4

710 720 730 740 750 760 770 780
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10’

423.3 eV

=~ 420.7 eV

10°

0?0 oeragss®

Sum (counts)

105|||||||||||||||||||||||||
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5000
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-5000
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-10000
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-15000

N
S

Time of Flight (ps)

FIG. 2. Sum and difference data for the two neutron spin states FIG. 3. Sum and difference data for the two neutron spin states
in the region of the 34.04-eV resonance. The solid lines are fits tdn the region of the 423.3-eV resonance. The solid lines are fits to
the data. The difference spectrum displays a statistically significarthe data. The twe-wave resonances at 400.0 eV and 420.7 eV

asymmetry.

to be a Gaussian random variable with varial¢@. The

probability density function for the asymmetry can then be

written

Po(PIMAR)=G(p,M?A?R?). 2)

The functionG is a mean-zero Gaussian distribution of
the variablep with a varianceM?A?R?, whereA andR are

2 2 2 FVn g'“’l/Z
A;U-: ﬁ 1_,,— and R= Ty
I A ey #n \ g“1/2+ Yugsn

)

The so-called enhancement factoks \/A#2 are deter-
mined from the resonance parameters. The amplitgggg;

and Oy, Ar€ unknown, but are assumed to be Gaussian ral

dom variables. We defing? as the variance djy,,, andY?
the variance ofgs,. The probability density functions of
these quantities are Gaussian distributions,

P(912=G(g12,X?) and P(dz) =G(g32,Y?), (4

whereX? and Y? can be related to th&},, and S, p-wave

show no asymmetry in the difference data.

1
27 a%sirto+ co2e’

a

P(0) ®

where a?=Y?/X? is the ratio of theps, to py, strength
functions. The final probability density function for the mea-
sured asymmetry is

72 a

fo aZsir? 6+ co0
+02)dé,

P 2
o(PIMAa,0) =

o

G(p,M2A?sirt

(6)

wherep is the magnitude ana the experimental error of the
asymmetry.
The asymmetries and their errors were determined in the

present experiment, the neutron widths and energies were

determined previously by our groysi], and the ratioa?

had been measured earlig85]. We therefore are able to
formulate the probability density function for eaphwave
resonance. However, since tlevalues of thep-wave reso-
nances are unknown, one does not know which setvedive
resonances mix to cause parity violation. There are three sets
of p-wave resonances, and one can form the probability den-
sity function for each of the three spin states. The relative
probability of the resonance to have a particulavalue is

strength functions. It is convenient to convert to polar coor-estimated from a general statistical argument and these three

dinatesg,,,=r sin 6, gs»=r cosd, and R=sin . After inte-
gration overr the probability density function becomes

probability density functions combined. Since there are two
sets ofs-wave resonances, there are two different weak mix-
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TABLE Il. Resonance parameters for parity violation analysiglitsn (for a definition ofAjS, see text
P

Energy(eV) J | glr, (meVv) Aj eVl Al (evh AJ (evl) A? (ev'Y
—29.2 1 0 30.0
1.327£0.001 1 1 0.0001380.000007 11.10 11.05
15.385+0.016 1 0.0000920.000005 1.98 20.8 3.03 20.7
21.390:0.025 1 0.000206£0.000011 1.50 16.26 2.25 16.17
26.215-0.034 1 0.0020Z0.00010 0.52 6.50 0.76 6.47
34.044+-0.017 1 0.018Z%0.0009 0.20 5.34 0.28 5.33
38.8 £0.05 1 0 3.16:0.15
74.39%+0.04 1 0.034:0.002 0.29 1.01 0.36 0.99
120.54+0.06 1 0 4.950.25
123.90+0.07 0 0 2.3+0.1
158.33:0.09 1 0.0025:0.0001 1.84 4.80 2.17 4.67
166.32:0.09 1 0.166:0.008 0.19 0.68 0.25 0.66
196.20+0.11 1 0 12.20.6
200.78-0.12 1 0.480.02 0.08 2.23 0.13 2.23
221.170.13 1 0.22-0.01 0.11 0.67 0.21 0.66
275.21£0.17 1 0.170.01 0.13 0.52 0.38 0.37
297.36:0.18 1 0.430.02 0.08 0.40 0.33 0.23
341.63:0.22 0 15.940.8
357.60+0.23 0 12.6:3.5
400.03£0.27 0 3.7#0.2
420.73£0.28 1 0 62.57.5
423.290.28 1 1.550.08 0.16 4.97 0.25 4.97
458.99+0.32 0 0 12515
488.46-0.34 1 0.036:0.002 1.42 1.46 1.55 1.33
526.34-0.38 1 0.96:0.07 0.23 0.21 0.25 0.18
532.62£0.38 1 1.46:0.10 0.20 0.16 0.22 0.14
554.570.40 1 0.74-0.06 0.49 0.21 0.50 0.17
573.240.42 1 0.780.06 1.63 0.19 1.64 0.15
580.8+1.0 0 0 30:3
628.59+0.47 1 0.14%#0.013 0.64 0.45 0.71 0.33
646.68+0.49 1 1.2&¢0.12 0.17 0.16 0.20 0.12
658.50-0.50 1 2.2:0.2 0.11 0.12 0.14 0.09
685.74-0.53 1 1.150.12 0.18 0.19 0.22 0.14
694.43:0.54 1 0.190.02 0.69 0.48 0.77 0.35
698.31:0.54 1 0.72:0.08 0.53 0.25 0.56 0.18
705.76:£0.55 0) 2.6+0.3
789.41+0.64 0 11.:1.3
812.92+0.66 1 0 65-6
852.580.71 1 0.790.10 0.06 0.83 0.69 0.47
864.510.72 0 10.52.1
882.31-0.74 1 3.6:0.5 0.03 0.30 0.27 0.13
939.22+0.80 0 202
983.29-0.85 1 0.92:0.13 0.04 51 5.10 0.12
989.37-0.86 0 2030
996.13-0.87 0 90:15
1044.970.93 1 0.42-0.06 0.05 1.04 1.03 0.16
1078.56-0.97 1 0.66-0.10 0.04 0.54 0.53 0.12
ing matrix elements fod=0 and forJ=1. We assume that 27TM§
these two matrix elements differ in strength only because of Fw=m, (7)

the difference insswave level density for the twgd values.

We therefore define the weak spreading width, where M; is the J-dependent weak mixing matrix el-
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ement andDy(J) is the averages-wave level spacing for el I L B L BRI
each total spid. The weak spreading width is assumed to be - g .
independent ofl. Therefore one fits directly to the weak - T
spreading width. ' 7]
To resolve the normalization issue, we assume that the B _
prior probability density functioerw(FW) is one up to a - T
value of 'y, max @nd zero above this value. The likelihood § *[ 7]
function for ap-wave resonancg can now be written as g B i
% 06 - —
L#<rw)=PrW<FW>(J_EOl P()PH(PIM;,A,(D),2,0) g 0 ]
’ T) B T
3wl .
+2 p(J)G(p,oZ>). ®) - ]
The functionp(J) is the relative probability for @-wave 02 - m
resonance to have total spinandM ; is the matrix element [ |
that corresponds to the weak spreading willfh. The total s . -

likelihood function is the product of the individual likelihood o= """_8 ! """"_7 e —
functions for eactp-wave resonance. The errors b, are 10 10 10 10 10

given by . )
Spreading Width (eV)
In L(I'y,) __ } 9) FIG. 4. The likelihood functions calculated from the asymmetry
L(I'¥) 2’ data in *’Sn. For both curves the maximum likelihood has been

normalized to one. The two curves were generated under two ex-
treme assumptions: that the spins of all of thevave resonances
with unknown spins are eithef=0 or J=1. These two curves
represent extreme assumptions that should bracket the true likeli-

whereT'}, is the most likely value and',, gives the confi-
dence range. The relative probabiljt¢J) is found from the
spin distribution, which can be approximated by

hood curve.
_ 2J+ 1e[7(.]+l/2)2]/20'(2: (10) assumptions should bracket the true best value and also pro-
252 ' vide an estimate of the uncertainty introduced due to this

¢ lack of information.

wherelJ is the total spin, and is the spin cutoff parameter The resulting likelihood curves are shown in Fig. 4. Since
most of thes-wave resonances near thevave resonances
o.=(0.98+0.23 A(0-29-0.06) (11)  with significant PNC effects have a known spin, the differ-
ence between the most likely weak spreading widths under
which was determined empirically by fitting to nuclei from these two extreme assumptions is small. The final value of
A=20 to 250[36]. The probabilityp(J) is found by normal-  the weak spreading width is the average of these two values,
izing the sum off (J) to 1. T, = (0.28"539x 1077 eV. This value replaces a previ-
Another difficulty is the absence of complete information ously published one from a preliminary analysis of this data
on theJ values of theswave resonances that are necessanget[6]. The previously stated number did not use new values
for the calculations of the amplification parametérs, Eq.  for resonance parametd31] and used online spectra with-
(3). For many of theswave resonances thevalues were out further data cuts or polarization calibration.
determined in earlier measurements. Most importantly for
this measurement is that tidevalues are known for most of V. DISCUSSION OF WEAK SPREADING WIDTH
the low energys-wave resonances that are near fheave
resonances, which display significant asymmetries. Since the The measured value for the weak spreading width in
PNC effect is inversely proportional to the energy difference'*’Sn is an order of magnitude smaller than in nearby nuclei
between theswave andp-wave resonances, these are the(2.56°382x 1077 eV, a local average fron?Nb, °%Rh,
most important. As a way to estimate the magnitude of the'’Ag, %°Ag, '%Cd, %'Sb, ?3sb, 1?7, and 3%Cs) [12].
effect on the weak spreading width due to this lack of infor-The smallness of the weak spreading width'fiSn has a
mation, we made two extreme assumptions: the unknownatural explanation in terms of the structure of matrix ele-
spins ofswave resonances were assumed to bedald or  ments of the weak interaction in the theory of Tomsovic,
all J=1. These two options are presented by faJf col-  Johnson, Hayes, and Bowm§&i], who have described the
P weak strength function within the framework of statistical
spectroscopy. In this theory, the weak strength function is
sumption ofJ=0 or J=1 for sswave resonances with un- expressed in terms of sums of squares of matrix elements of
known spins. The likelihood analyses for these two extremehe effective weak potential between two-nucleon configura-

umns in Table Il. The upper index i/hjS refers to the as-
p
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TABLE lIl. Square of the weak mixing matrix elements for Pd is dominated byF, and is an order of magnitude smaller
isotopes forFo=F ,=10"°. These values are an example of con- than for nearby nuclides cannot in itself be used to determine
figuration strengths in this mass region. FofSn there is a closed  F short of a calculation with the full machinery of statistical
proton shell, and hence only timen configuration can produce the spectroscopy(We may nevertheless obtain an estimate by

observed parity violation. normalizing to our earlier calculation in the Pd isotop&#],
i _ obtaining Fy near the upper limit allowed by the
Configuration = meson (e¥) p meson (V) Desplanques, Donoghue, and HolstéDH) analysis[3].)
n-p 0.64 0.022 Ijlc;wever, 'the smallness of'the weak sprgading width for
p-p 0.0019 0.024 Sn relative to nearby nuclides does confirm the very gen-
n-n 56x10°5 0.0032 eral prediction of the model of Tomsovic, Johnson, Hayes,

and Bowman and was in fact the original motivation for
measurements with this target. If the measured weak spread-
tions weighted by functions that change smoothly Wittz,  ing width for *’Sn had been comparable to neighboring nu-
andA. The configurations involved are in thé&® space of clides, no adjustments of the coupling constants could have
the nuclear system—those configurations that can be reacheaplained that outcome, and this apparent discrepancy with
from the ground state without promoting a nucleon across atatistical spectroscopy would have been suggestive of some

major shell. unexpected or unaccounted physics at workifsn.
In Table Il we show the square of weak matrix elements
averaged over available two-body configurations for Pd iso- VI. SUMMARY

topes(representative of the mass 100 region of nycl€he N .
. S ! . The longitudinal asymmetries of neutrguwave cross
interaction is built up from exchanges of mesons, with the

results in Table Il containing just thémportant weak Al sections were measured for 29 resonancesiBn in the
_ - 9] por . neutron energy region from 0.8 to 1100 eV. Analysis of
=1 ar-nucleon andAl =0 p-nucleon couplings; #w ex-

citations out of the model space are accounted for b éhese asymmetries was performed using the neutron reso-
“doorway” term added to the?nteraction The largest entyr nance parameters recently determined by the TRIPLE Col-
. y ! , . - | he farge: Ylaboration [31]. Statistically significant parity violating

in Table Il is for then-p configuration, which is dominated

. : . _asymmetries were observed in the neutron resonances at
by the exchange of the longest-range piece of the mteractlori, 33 34.04. 423.3 and 1045.0 eV. All measured asvmme-
the 7= meson; the small nonvanishing entry for then and e ! : ' y

tries for p-wave resonances observed below 490 eV were

ﬁ]'g d;?gggﬁ;iﬂgncsoﬂsﬁ t?]r:asgzofrrv(\)/?y ttr:mplon, in this Ca5€sed in a likelihood analysis to find the weak spreading

: _ 0.5 —7 i
For the Pd isotopes, both neutron and proton orbitals arW'dth‘ The valuer',, = (0.287539 % 10 .eV 'S 20. belpw
active, so the weak spreading width is dominated by th e average value for the weak spreading width in this mass

large n-p matrix elements. However, fo’Sn, neithem-p ' c 90" [12]. This loss in strength of the weak spreading
) . . . width can be explained by the theory of statistical spectros-
nor p-p configurations contribute to the weak spreading

width because this nucleus has a closed proton shell, and Py (371

weak spreading width is given by the much smaiiem ma-

trix elements. Table Il would suggest a weak spreading

width about an order of magnitude smaller than for nearby This work was supported in part by the U.S. Department

nuclides. Additionally, one sees that this nucleus is domiof Energy, Office of High Energy and Nuclear Physics, un-

nated by the coupling to the meson, so that'’Sn may be der Grant Nos. DE-FG02-97-ER41042 and DE-FG02-97-

the best case for determining the wegakucleon coupling. ER41033, and by the U.S. Department of Energy, Office of
The fact that the measured weak spreading width'if8n  Energy Research, under Contract No. W-7405-ENG-36.
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