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Measurements of prompt rays, following neutron capture itf’Ag and 1°°Ag have been performed at the
GELINA facility in the resonance energy region up to about 1 keV. From the intensities of low- and high-
energy y rays the spins of 53°Ag and 78'%°Ag s- and p-wave resonances have been assigned. These
spectroscopic quantities are important for the interpretation of data from parity violation experiments per-
formed by the TRIPLE Collaboration. The intensities of low-energy transitions showed a dependence not only
on the spin of the resonance but also on its parity. This effect allows the assignment of the parity of the
resonances and may open new perspectives in the study of deeay of the compound nucleus.

PACS numbgs): 21.10.Hw, 24.60.Dr, 27.68.j, 29.30.Kv

I. INTRODUCTION sible to make a definitive assignment, because of the limited
statistics available for high-energy rays. Therefore one
The strong enhancement of parity violatigRV) effects  might consider they transitions which arise from the low-
in the compound nucleus system has been extensively stuénergy levels, typically below 1 MeV. These levels are popu-
ied by the TRIPLE Collaboration at the Los Alamos Nationallated via the cascade process, but since the average multi-
Laboratory during the past ten yedfs2]. After having ex-  plicity is low, information on spectroscopic quantities of the
amined PV effects in heavy nuclei such U and >%Th  initial state (the resonandemay still be present, and easily
[3,4], more attention was concentrated on isotopes in the 3 observable thanks to the high intensity of the low-energy
peak region of thg-wave neutron strength function, such astransitions, and to the high efficiency of germanium detectors
108p(, 108y, 1077g, 09A¢g, 13cd, and*¥n [5,6]. in this energy range.
For a more precise determination of the quantities related Besides the link with studies of parity violation, it is of
to PV effects, it is necessary to know the spins and parities adhterest to investigate low- and high-energyays inp-wave
the neutron resonances, especially in the case of nonzergutron capture as they relate to the statistjcdecay of the
target nuclei. As a part of the efforts to meet these demandgompound nucleus. Gamma rays frgrwave neutron cap-
the aim of the present work was to determine spins and parture have not been studied extensively in the past, and one
ties for a large number of resonances'®fAg and 1®Ag up  can better investigate these decay properties by considering
to about 1 keV, i.e., in the energy range of interest for PVthe y rays from resonances with different initial spin and
studies, using capture gamma-ray spectroscopic methogsrity. Both °’Ag and 1°°Ag target nuclei havd "=3";
based on the study of low- and high-energyays. thus s resonances can assuni&=0",1", while p reso-
In medium and heavy nuclei, where the level density isnances can havé™=0",1",2".
high, it can be assumed that the statistical model applies for The low average multiplicity in the-cascade decay and
the y decay of the compound nucleus, although nonstatisticathe predominantly dipole character of the emitted radiation
effects must sometimes be conside{@B]|. Therefore the constitute the physical basis of tHew-level population
decay properties are determined mainly by the level densitynethodof resonance spin assignment, according to which
and the photon strength functions. Thedecay from the low-energy levels with higheflower) spins are more popu-
capture state to the ground level usually happens in no morated in resonances with highéower) spins. This method
than 3—4 steps. The high-energy part of the primary spechas been successfully applied to the studys@sésonances
trum may be observed, and in principle, and often in prac{9,10], and recently extended to the analysigpefave reso-
tice, it is possible to determine the spin and parity of a resonanceq11].
nance from the observation of primapyrays which directly Concerning the parity assignment, the dependence of the
feed levels with known spin and parity. However, for very populations of low-energy levels is very difficult to predict,
small p-wave resonances it can be very difficult or impos-sinceE1 andM1 transitions play competitive roles and the
knowledge of the behavior of the corresponding photon
strength functions is still far from being adequately under-
*Present address: Los Alamos National Laboratory, Los Alamosstood. Studying the parity dependence of the low-energy
NM 87545. populations is therefore of great interest not only for the
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reason that these populations might provide a basis for theange from 0.1 MeV up to about 7 MeV were measured with
parity assignment of neutron resonances, but also for gettingvo 8k ADCs in the neutron energy range from 10 eV to
additional information on the level densities and photonabout 1 keV, for a measuring time of about 1000 h. Data

strength functions. were recorded in list mode, writing for each event TOF and
ADC values, using the data acquisition progransT [14].
Il. RESONANCE SPIN AND PARITY ASSIGNMENT The TOF spectrum forr®Ag(n,y) is shown in Fig. 2.

From the recorded event data, captyreay spectra corre-
sponding to selected TOF intervals were sorted out, each one
Resonance neutron capture measurements were péjeing associated with a single neutron resonance or with a
formed at the GELINA pulsed neutron source facii2,13  packground region between two resonances. In order to ob-
at the Institute for Reference Materials and Measurements |fh|n the pure Capture y|e|d of a given resonance'»)ﬂm)ec_
Geel, Belgium. The linear accelerator was operated to progym corresponding to one or more nearby background re-
duce 1 ns wide pgl_ses of electrons with 100 MeV averaggjions was subtracted from the raw data after proper
energy at a repetition frequency of 800 Hz. The averagermaization. In case of unresolved resonances, the capture
electron_ current was about ‘FBA. Neutrons were producgd yield was fitted with the shape programnAc [15]: for each
by the interaction of the electrons with a rotating uraniumi, oo o e the fractiohof a nearby resonance in the given
target. A moderator consisting of water inside a berylliumTOF interval was determined and the correspondingy

box was placed close to the uranium target to increase thsepectrum was subtracted. This procedure was applied to the

number of slow neutrons. The sample was placed at a disl—07Ag resonances at 64.24. 64.74. 125.1 and 126.1 eV. and

tance of 12.8 m from the neutron source, having in this way 109
a relatively high neutron flux [about 9x 10%/E®? to the *“Ag resonances at 32.7, 164.3, 169.8, 199.0, 219.2,

n/(cn? s eV)] and sufficient neutron energy resolution in the 264.7, 293.3, 360.4, 391.6, 441.0, 446.5, 557.2, 560.7, 1057,

energy range of interest. Measurements were performed Fnd 10(_52 eV. In addition to the increase of the statistical
two enriched samples, both on loan from the ORNL Isotopdincertainty due to background subtraction, such a procedure
Pool: one consisted of 49.8 g of an enrici{68.3% 1°7Ag  introduces additional uncertainties in the resulting pure spec-
metal powder packed in an aluminum bOX, forming a disc Oﬁrum. The Uncertainty in the calculatédvas evaluated con-
8.9 cm diameter with walls 0.05 cm thick. The other one wassidering those resonances which were superimposed on
a disc of 10 cm diameter and 50 g mass of Ag enriched irstrong resonances of the other isotope; in fact, in this case the
109g to 97.1%. Each sample was placed perpendicular t@xact fraction can be determined since tdines of the

the beam(see Fig. 1 Incident neutron energies were deter- contaminating resonance must disappear. By comparing the
mined by time of flight over the flight path length. Captyre fraction evaluated with this procedure with the one calcu-
rays were viewed by two coaxial intrinsic germanium detecdated we estimated an uncertaintyfiof about 10%.

tors of 70% efficiency(relative to the®’Co lines, placed Examples of typical low-energy spectra are shown in
backward at a distance of about 15 cm from the sample cerfig. 3 for five 1°°Ag resonances. The spectra were analyzed
ter and at an angle of 120° with respect to the neutron direcwith the fit programPROFIT [16]. The peaks in the low-
tion. In order to prevent detection of scattered neutrons, discsnergy region were fitted using Gaussian functions, each
about 4 cm thick made of wax antlLi carbonate were in- Gaussian being convoluted with a smoothed step function in
serted between sample and detectors. The entire structuoeder to account for a slightly higher background on the low
was contained inside a shielding made of lead and borateenergy side of the peak, due to Compton scattering of pho-
wax bricks each 10 cm thick. Captuserays in the energy tons into the detector and the escape of photoelectrons from

A. Experimental procedure

054616-2



DEPENDENCE OF THE POPULATIONS OF LOW-ENERGY . .. PHYSICAL REVIEWEB1 054616

T
7 b
10 E 327 70.8 87.7 173.1 200.6

107 [ T T T T T ]
316.5 387.0 391 404.4

fgs.o J

2910 3009

108

10°

240 280 320 360 400
0 10F ' ' T560.7 ' E
c ¥ 300.6 ss72 | 2 6224
© F 4286 g
T 108k FIG. 2. Time-of-flight spec-
-g- trum for %°Ag(n,y)'°Ag up to
8 i 1.4 keV. Resonance energies are
S F indicated; underlined numbers in-
C L L L L dicatep-wave resonances.
450 500 550 600 650
T T 1 T T 1
2476 784.7
: 883.0 933.0 9610 4o o
ok 669.5 726.1 848.5 949.3 i
8038 8314 Y se1s [ | 9028
o 681.5
o 690.5 821.5
ALY \

100k e

1000 1050 1100 1150 1200 1250 1300 1350 1400

Eq(eV)

the Ge crystals; the fitting formula from Refl7] was With an attempt to assign the resonance parities with a

adopted: higher level of confidence, we have studied the dependence
of the intensities of low-energy transitions on the parity of

Cc
202 V2o mation from high-energy transitions. In this section we first
(1) describe the resonance parity assignment based on spectro-
scopic methods. The results are then compared with what we
where erfck) is the complementary error function and ac- obtained applying the Bayes’ theorem on the observed val-
counts for the step function. ues ofgl’,,.

1 (E-E.)? E-E the resonance. Wherever available, we have also used infor-
exp —— | +Berfc ,

B. Parity assignments 1. Spectroscopic methods

The assignment of the parity of a resonance is often per- As previously mentioned, the dependence of the popula-
formed on the basis of its neutron width. A statistical ap-tions of low-energy levels on the resonance parity has not
proach, based on the Bayes’ theorem on conditional probdeen studied in the past; in fact, few measurementg rafys
abilities [20], was developed by Bollinger and Thon{&i]  from p-wave capture have been performed. Moreover, in or-
and has been used for parity assignmesee for instance der to investigate such a dependence, it is necessary that the
Refs.[22—-24)). Clearly, a statistical approach is not expectedcompound nucleus has strongly populated low-energy levels
to be completely reliable. of both parities, which is not always the case. In the case of
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FIG. 3. Low-energyy spectra for fivel®®Ag resonances of different spin and parity. The energies of the stronger transitions are given in
keV. For each transition the spin and parity of the initial level, after R&&19, is given. The energies, spins, and parities of the resonances
are also indicated.

the 1%Ag and '°Ag compound nuclei, strong low-energy all remaining transitions between the low-lying levels.
transitions from levels of opposite parity are present, making The properties of the cascade decay of the compound
these transitions ideal for such investigations. nucleus are described by the nuclear level density and the
As a first step, we analyzed low-energy parts of ftamy  photon strength functions. In particular, tB& andM 1 pho-
spectra belonging to well-isolated resonances of both paritieton strength functions are playing a dominant r¢R5].
to which a valueJ=1 had been unambiguously assigned,Since E1 and M1 transitions have different parities, they
using the methods described in the next section. From thigay be responsible for the observed parity effect. Also an
analysis we deduced average intensities of the most intensdfect from a possible parity dependence of the level density
low-energy transitions. It turned out from these data thashould not be neglected. With an attempt to understand the
those low-lying levels, the parity of which is opposite to the observed effect in terms of photon strength functions, a spe-
parity of the neutron capturing state, display a marked tencial experiment devoted to studying two-step cascades, fol-
dency to be populated more strongly than the levels with théowing the thermal neutron capture M’Ag, has been un-
other parity. This can be seen from Figs. 4 and 5, where fodertaken at the dedicated facility ireR[26]. The obtained
each transition the ratio between the average intensities forresults will be published separatdl7].
and p resonances is plotted. The observed effect is about The parity effect could be exploited for an assignment of
40%. If this effect, established for a limited set of transitions,the parity of the resonances. Since the results'$%g have
is due to average statistical properties of the cascade decayloéen already partially shown in Rdb], in this and in the
the compound nucleus, it will certainly persist in the cases ofollowing section we concentrate mainly dfi®Ag. In Fig. 6
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FIG. 4. The parity effect in®’Ag resonances. Each bar repre-
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FIG. 5. Same as Fig. 4 but fd"°Ag resonances.
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groups is observed. To the upper grotip=0 is assigned, It12 1+ -1
while to the lower group we assigfi=1. This assignment is KZJ_FM f(J) > f(I| ()
justified from the fact that all the resonances with higher =l1=172 I=(lr-12-1]

value ofgl’, are in the upper groups. _ ) _
Additional support to this assignment can be obtained ifvheref(J) is the spin-dependent factor of the level-density
the intensities of the high-energy transitions from the capturdormula andi is the target spin. .
state to low-energy levels of known parity. In this case it is " the general case the probability densRygl',|0) is
assumed that above 6 MeV tiEl transitions are signifi- formed by a linear combination of two separately rescaled
cantly stronger than th®1. As shown in Ref[28], in this probability densities describing the? distribution with th.e
energy range the ratio betwe&L andM1 photon strength number of degree_s of fr_eedo_m_= 1. Under the assumption
functions is about 7 fol%’Ag. If a similar ratio holds also for Of absence of spin-orbit splitting of the neutron strength
1090 observation in a resonance of strong primary transifunction S, for /=1, the so-callecheutron polestrength
tions to low-energy levels with a given parity leads to assignfunction does not depend on the channel spin, see Refs.
ment of opposite parity to the resonance. However, thid29,3d. In this case the probability densitp(gI'y[1) is
method must be used with caution: in the case of weak resdormed generally by a linear combination of four separately
nances the number of observed primary transitions is smalfscaled probability densities far’: two of them belong to
and their deduced intensities are subject to large statisticl® number of degrees of freedor 1 and the other two to
uncertainties. In these cases the parity using primary trans¥=2- 107 109 )
tions was determined only tentatively, or not at all. Wherever For targets of*'Ag and ““Ag, for whu;h |=1/2, the
available, the information from high-energy rays led to  Probability densityP(gl';/1) involves twox* distributions
parity assignments completely consistent with those obtaine@ith »=1 and only one withv=2, while P(gI'|0) is
from low-energyy rays, for both!®/Ag and 1%Ag. formed by bothy? distributions withy=1. For these nuclei
The orbital angular momentum values, assigned following

these procedures, are summarized in Tables | and II. 1

1 1/2
P(grn|0):J:EO’1 a, wOJ(TgOJ) exy{ - Efm) (6)

2. Analysis based on Bayes’ theorem

It is interesting to compare the results in Tables | and lland
with those following from the statistical analysis of param-
etersgl’,, based on the application of Bayes’ theorem. It is 1 1
tacitly assumed that all experimentally accessible values of P(9I'n/1)= >B1 wlleXF< - Efll)
gl',, with generallyunknownstatistical factorg belong ex-

clusively to neutron resonances with neutron orbital mo- 1\ 1
menta/ =0,1. +J;0Y2 Byowu 2méy,) R T 2¢u)
The a posterioriprobability P(~|gI’,) that a given reso-
nance with the measured valueddf , is excited by neutrons @)
with orbital momentunmy” is
where
P(al',|/)P(/ - -
P lal) = (gTWl/)P(/) 2 i N 2
P(gT|1)P(1)+P(gl',[0)P(0) a=f)| X fA)]| . B=fQ)| X @] |
J'=0 J'=0
whereP(/") is thea priori (unconditional probability that a €)
randomly selected neutron resonance belongs to neutrons
with orbital momentuny’, while P(gI',|/) is the probabil- and
ity density for the random variabbke=gI',,, given the neu-
tron orbital momentuny’. [1ev\¥? kR 9
For /=1 Eq.(2) can be formally rewritten to @A7\E, | g9,P,D,S, ©
P(Llgl) = 1+ P(grn|0)} ! 3 Here,E, is the energy of the resonandeis the correspond-
" P(gl'y1)] ing wave numberR is the channel radiugy; is the known
statistical factor for resonances with sgifas opposed to the
where factor g), P, is the neutron penetrability factor, see, e.g.,
[31], and D; is the average spacing between neighboring
_ P(O) 4  'esonances with a fixed".
Py ) The random variable of interest=gI’,,, enters the right-

hand sides of Eq96) and (7) via dimensionless variables
If we assume that the density of nuclear levels near the nel&, ;. Specifically,
tron threshold for each value of their spinis parity inde-
pendent, then ¢ 3= w X (10
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TABLE I. Spin and parity assignment df’Ag resonances following different methods. The Bayesian probabiliB& are given.
Under the columns with suffixes HE and LE theand J assignments from high-energy and low-energyay methods are indicated,
respectively. Under the columif are the spin values from RdB4]. The adopted values are those with the suffix LE. Resonance energies
and neutron widths are taken from R€f§,33).

Eo (V) gI'y (meV) BP  Zwe Ze 9% Jue Jie Eo (V) gI'; (meV) BP /e Zte 3% Jne Jie
16.3 2.9:0.2 00000 0 0 O 0 3108 65-15 0.0000 0 0 1 1 1
41.57 2.8:0.4 0.0000 0 0 1 1 1 328.2 0.6¢0.10 0.7609 1 1 2 2
44.90 0.6220.1 0.0000 0 0 0 1 1 346.8 0.4@¢0.04 0.8875 0 0 1 1
51.56 17918 0.0000 0 0 1 1 1 3612 15.51.0 0.0000 0 0 1 1 1
64.24 0.0180.002 0.9706 1 1 1,2 1 3818 0.2%20.03 0.9262 0 0 1 1
64.74 0.0130.001 0.9756 1 1 1,2 2 403.9 0.36:0.08 0.9270 1 1
7321 0.02#0.006 09631 1 1 1,2 1 409.2 0.36:0.05 0.9166 1 2
83.55 0.015:0.002 0.9748 1 2 4225 0.18:0.02 09443 1 1 12 o0

107.6 0.0140.002 09742 1 1 1,2 1 4440 21.32.0 0.0000 0 O 0

110.8 0.08%0.009 09209 1 1 1,2 2 4609 18.2:2.0 0.0000 0 1 1

125.1 0.016:0.001 0.9736 1 1 0 466.8 63.@5.0 0.0000 0 0 1 1 1

126.1 0.01&0.002 0.9721 1 1 4724 14.¢1.2 0.0000 0 0 0

128.5 0.0920.009 0.9261 1 1 1,2 2 4949 0.43-0.08 0.9209 1 2

144.2 4.0:0.8 0.0000 0 0 0 0 5147 50.:5.5 0.0000 0 0 1 1

154.8 0.025:0.003  0.9691 1 1 5312 0.4:0.2 09237 1 1 1

162.0 0.280.02 06525 0 O 1 1 5538 163-30 0.0000 0O 0 O 0

166.9 0.190.01 08586 0 O 0 575.8 9.0:4.0 0.0000 0 0 1 1 1

173.7 5.5-0.5 0.0000 0 O 1 586.9 96.2-0.1 00000 0O 0 O 1 1

183.5 0.13-0.01 0.9309 1 1 1 1 6073 2.820.6 0.2055 1 1 2 2

202.6 12.90.5 0.0000 0 0 1 1 624.9 16-3 0.0000 0 0 1 1

218.9 0.084:0.008 0.9554 1 1 1,2 1 652.5 12.4:2 0.0000 0 0 1

228.3 0.046:0.004 0.9633 1 2 6737 63.70.1 0.0000 0 0 1 1

231.0 0.05Z20.004 0.9617 1 2 6948 14916 0.0000 0 0 1 1

251.3 16-4 0.0000 0 O 1 1 7021 2.9:0.3 03577 1 1 1,2 2

259.9 0.25:0.03 09055 1 1 1,2 1 7518 66.2-0.1 0.0000 0 O 1 1

264.5 2.5-0.2 0.0000 0 O 1 1 7788 9.14-0.1 0.0005 0 O 1

269.9 0.26:0.02 09288 1 1 1 1

Under the conditions of a real experiment only intensewith the spin cutoff factorr=0.98A%%° see Ref[32]. The
enough resonances are observable. As a result, only thoselues of parametelS, andD ,_, were taken from Ref5]:
values ofgl’,, that exceed a certain threshold are available

for this analysis. While the threshold for the valugk,,, $=(0.50£0.15x 104, S;=(3.5+0.8)x107*,
belonging tos-wave neutrons, is generally low, in the case of
p-wave resonances it is, as a rule, substantial and depends on D,-0=25%3 eV

the spinJd and the energ¥,, of a given resonance. It can be 107
shown that the introduction of anysharp J and fOF = Ag, and
E,-dependent threshold leads to modification of the right-
hand sides of Eqe5)—(7) and (8b), but after all necessary
substitutions into the right-hand side of E8), the explicit
expression foiP(1|gl’,) remains unchanged. The values of
P(1|gl',) are thus completely insensitive to occurrence offgr 109g, whereD ,_, is the average spacing of atwave

this SpeCified threshold. resonances. /

Using Egs.(3)-(9) we calculateda posteriori probabili- The values ofP(1|gT’,) obtained are listed in column 3
tiesP(1/gT’y) for 53 and 72 resonances 8Ag and *®Ag,  of Tables | and II. It is evident, that for 24 and 46 resonances
respectively. In these calculations we assumed the spin dgyf 107aqg and 199g, respectively, these values leadstavave
pendence of the level density that follows from the Fermi gagissignments at a level of statistical significance higher than

So=(0.84+0.23 X104, S,=(2.8+0.8)x10 4,

D,_o=21+2 eV

model 99.99%. In all cases of the statistically significantvave
32 (J+1)2 assignments, the results are in full accord with what follows
f(J)= exp( _ _) —ex;{ _ ) , (12) from analyses of the high- and low-energy parts of thy
207 207 spectra.
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TABLE Il. Spin and parity assignment 0°°Ag resonances following different methods. The Bayesian probabillB& are given.
Under the columns with suffixes HE and LE theand J assignments from high-energy and low-energyay methods are indicated,
respectively. Under the columif are the spin values from RdB4]. The adopted values are those with the suffix LE. Resonance energies
and neutron widths are taken from Rdfs,33,34.

Eo (V) gI'y (meV) BP ve e 3% Jue Jie Eo(eV) gl (meV) BP Zve e I Jue e
30.4 5.40.5 0.0000 0 0 1 1 1 4465 1 2
32.7 0.013-0.002  0.9329 (1) 1 1 469.7 34521 0.0000 0 0 O 0
40.1 4.4-0.4 0.0000 0 0 1 1 1 487.0 17.%+15 0.0000 0 0 1 1
55.7 5.4-0.5 0.0000 0 0O O 0 500.6 115-11 0.0000 0 0 1 1
70.8 18.9-1.8 0.0000 0 0 1 1 1 512.6 8.6-1.8 0.0000 0 0O O 0
82.5 0.016:0.002  0.9783 1 1 2 526.7 0.76:0.45 0.8414 1 1 1
87.7 4.16-0.3 0.0000 0 0 1 1 1 5572 132 0.0000 0 0 1 1
91.5 0.029-0.003  0.9674 1 2 560.7 66.0:-5.5 0.0000 0 0 O 0
106.3 0.14-0.015 0.4658 0 0 0 5655 694 0.0000 0 0 1 1
1135  0.01%0.004  0.9792 1 2 608.1 25.¢25 0.0000 0 0 1 1
133.9 69.1-6.0 0.0000 0 0 1 1 1 6224 5035 0.0000 0 0O O 1 1
139.7 1.5-0.5 0.0000 0 0 O 1 1 669.5 18.5:2.0 0.0000 0 1
160.3 0.04:0.01 0.9714 1 1 6815 2.1-0.5 0.3358 1 2
164.3  0.0140.005 0.9785 1 2 6905 1 0
169.8 0.36:0.06 0.1531 1 0 7261 15615 0.0000 0 0 1 1
173.1 33.73.0 0.0000 0 0 1 1 1 7476 54t 8 0.0000 0 0 1
199.0 0.110.02 0.9428 1 1 7847 1406-15 0.0000 0 0 1 1
209.6 18.6:2.0 0.0000 0 0 1 @ 1 803.8 25555 0.0000 0 0 1 1
219.2 0.06-0.008 0.9678 1 2 8215 1 2
251.3 4.4:0.4 0.0000 0 0 1 1 1 8314 31 0.2598 1 2
259.0 3.4:0.3 0.0000 0 0 0 8485 (0) 0 1

264.7 0.18-0.04 0.9290 1 1 2 8618 81 0.0002 0 1
272.6 1.5-0.2 0.0002 0 0 1 1 883.0 55.@:5.5 0.0000 0 0 1
284.0 0.28-0.03 0.8758 1 2 9028 92 0.0001 (0) 0 1

291.0 8.3-0.8 0.0000 0 0 O 1 1 933.0 556 0.0000 0 0 1 1
293.3 0.36:0.04 0.8692 1 1 1 9493 6.0-1.5 0.0151 0 0 1 1
300.9 1.5-0.2 0.0011 0 0 0 9610 15.5:3.0 0.0000 0 0 0
316.5 156-15 0.0000 0 0 1 1 1 976.0 51.5:45 0.0000 0 0 1 1
327.8 0.65-0.07 0.4993 0 0 1 1 1009 66.5-6.5 0.0000 0 0 0
340.2 0.3%0.03 0.8883 1 2 1037 13.5:25 0.0000 0 0 1
351.4  0.05%:0.006  0.9680 1 2 1057 30.6:35 0.0000 0 1
360.4 o o0 1 1062 30.6:35 0.0000 0 0 0
3745 1 2 1116 40.0:3.5 0.0000 0 0 1
387.0 41.52.0 0.0000 0 0 1 1 1204 130:18 0.0000 0 0 1 1
391.6 0.16-0.02 0.9549 1 1 1219 140-18 0.0000 0 1
398.0 10.&15 0.0000 0 0 1 1 1236 70.0:3.5 0.0000 0 0 1
404.4 42.:5.0 0.0000 0 0 O 0 1254 17.5:35 0.0000 (0) 0 1

428.6 13.722.0 0.0000 0 0 1 1 1300 62.5-3.5 0.0000 (0) 0 1

441.0 0.16:0.04 0.9626 1 1 1383 45-5 0.0000 0 0 0

On the other hand, the statistical analysis of quantgiEs  signment of the parity value to resonances with lower values
turned out not to be powerful enough for reliable identifica-of gI',,.
tion of p-wave resonances. However, only in very few cases
it might seem that values d?(1|gl’,) are at variance with _ _
parity assignments made by the spectroscopic methods. C. Spin assignments

It can be concluded that the results of the resonance parity The spin dependence of intensities of low-energy transi-
assignment based on the application of heand neutron-  tions is a well known property of the statistical decay of the
spectroscopy methods are compatible. It is evident that theompound nucleus, which can be easily observed when low-
y-spectroscopy method is substantially more powerful in asenergy transitions of high enough intensity from levels of
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different spins are present. As already mentioned, popularesonances. The ratios split in two groups. The higher values
tions of low-energy levels with a given spin are favoredare associated witd”=0" since the corresponding reso-
when the difference with the resonance spin is low. nances will tend to populate more the 338.9 keV state, which
For instance, in the case df’Ag resonances, the transi- probably has spin zero, than the state at 468.8 keV With
tions of 215.4, 259.3, and 329.2 keV, deexciting levels with=(2,3)" from which the 350.1 keV transition is emitted.
spins ranging from 3 to 5, are progressively stronger in resoThis choice is confirmed by the analysis of high-enengy
nances with spin 0, 1, and 2, while the opposite happens fafays: manys resonances belonging to the lower group in Fig.
the transitions of 193.1 and 300.1 keV, deexciting levels7 exhibit strong primary transitions to the level at 198.7 keV,
with J=1. In the case of'%Ag resonances, strong effects with J”=2". In fact, with 0~ assignment these primary
can be observed for the lines of 191.5, the doublet at 235.#ansitions should be df12 character, which is not realistic.
+237.1, 338.9, and 350.1 kejéee Fig. 3. The spin assignment afwave resonances can also be ob-
In order to maximize the spin effect and to avoid anytained by considering the ratio of the intensity of the doublet
normalization problem, it is customary to calculate the inten-at 235.7237.1 keV and that of the peak at 191.5 keV, as
sity ratio of two transitions from levels with high spin dif- shown in Fig. 8. There is a one-to-one agreement between
ference. It is also better to consider lines close in energy, ithe assignments performed using the two different ratios. Be-
order to avoid possible spurious effects due to change in theause of the higher intensities of the transitions involved, the
shape of the background of the spectrum, which could latter ratio could be used also for thgesonanceéFig. 9). In
affect the relative intensity of distant lines. In Fig. 7 the this case the resonances split in three groups, as expected.
intensity ratios between the transitions of 338.9 and 350.1 The results of the spin assignments '8fAg and °°Ag
keV, are plotted as a function of the energy’8fAg swave  resonances are summarized in Tables | and Il and compared
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with previous datd34] available for somes resonances. As allel) to the incident neutron direction. The asymmetry is

can be seen, there are a few disagreements with previouseasured in correspondence gavave resonances; PV ef-
spin assignments af resonances; in these cases our assignfects are possible ip resonances close sresonances of the

ment is supported by both low- and high-energyays. same spin. . )
In Ref.[5] a complete discussion on the use on the reso-
Ill. COMPARISON WITH RESULTS FROM PARITY nance spins for the analysis of the PV effects is reported. As

shown, the knowledge of the resonance spins is very impor-
tant in reducing uncertainties in the weak spreading width

Parity violation effects in Ag resonances have been mea{w’ which is the physical quantity of interest. Several
. ; resonances showed PV effects with a statistical significance
sured at the LANSCE facility of the Los Alamos National g

Lab 51 Th d v is tHenaitudinal greater than three standard deviations. As an index of the
aboratory[S]. The measured quantity is tHengitudina agreement between our results of spin assignment and the

VIOLATION EXPERIMENTS

asymmetry RE): observed PV effects, in Fig. 10 the longitudinal asymmetries
+ - P(E) divided by their errorA P(E), representing the statis-
P(E)= 9T 97 ’ (12 tical significance of the PV effects, are plotted for all the

otf+or resonances to which we assigned the spin. Only the reso-

nances withJ=0,1 show significant effects, thus indicating
whereo7 (o) is the total cross section, measured using thean excellent agreement between the two measurements, since
transmission method, with the neutron spin pardbettipar-  p-wave resonances with=2 cannot show PV effects.
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| :
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20 b 1 FIG. 10. Statistical significance of PV effects
i ] in 19%Ag and 1%°Ag p resonances, as a function of

10k ] the resonance energy. Data from Ré&f.
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the E1 andM1 photon strength functions, as described in
another papef27].

We have studied capturgrays in 1°’Ag and '°°Ag reso- We have shown that the Bayesian approach for the
nances, with emphasis on low-energyays populated from @assignment works reasonably well in the energy range con-
the cascadey decay process. We determined the spins an@idered; although it is not as reliable as the spectroscopic
parities of 131s- andp-wave resonances ¢P’Ag and 1%%Ag. methods, only a few discrepancies are found with the results

A clear dependence of the populations of low-energy levTom low- and high-energyy rays.
els on the parity of the resonance, which was not previously

reported, has been observed in both silver isotopes. This ef-
fect could be used as a reliable tool for the assignment of the This paper is based on work carried out at the IRMM in

IV. CONCLUSIONS
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