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1. Introduction

The unambiguous determination of excitation energies, spins, parities, and:
other properties of nuclear levels is the paramount goal of the nuclear j
spectroscopist. All developments of nuclear models depend upon the avail-:
ability of a reliable data base on which to build. In this regard, slow \
neutron capture gamma-ray spectroscopy has proved to be a valuable tool. !

The observation of primary radiative transitions connecting initial and '
final states can provide definite level positions. In particular the use :
of the resonance-averaged capture technique has received much recent
attention because of the claims advanced for this technique (Chrien 1980a,
Casten 1980); that it is able to identify all states in a given spin-parity
range and to provide definite spin parity information for these states. :

In view of the importance of this method, it is perhaps surprising that
until now no firm analytical basis has been provided which delineates j
its capabilities and limitations. Such an analysis is necessary to es- '
tablish the spin-parity assignments derived from this method on a quan- ;
titative basis; in other words a quantitative statement of the limits |
of error must be provided. It is the principal aim of the present paper '
to present such an analysis. To do this, a historical description of
the technique and its applications is presented and the principles of the
method ara stated. Finally a method of statistical analysis is des-
cribed, and the results are applied to recent measurements carried out
at the filtered beam facilities at the Brookhaven National Laboratory.

2. The Methc-i I

The method of resonance-averaged neutron capture gamma-ray spectroscopy
was first suggested and applied by Lowell 3ollinger (1968). Figure 1 '.
shows the internal target arrangement at the CP-5 reactor suggested by
3ollinger; the use of an internal target provided high capture rate;
and the use of a ^3 absorber surrounding the target provided a roughly
1/E spectrum down to a low energy cut-off determined by the boron thick-
ness. The essential feature of such a spectrum that is of interest here
is its broad energy characteristic. Given a target nuclide with a
suitably snail level spacing, the broad spectrum implies capture occurring
in many resonances, in contrast to a single energy, as in thermal!or
resonance capture. The usefulness of such averaging is. apparent.-fr.om..
figure 2, showing probability density functions for members of the chi-
square class of distribution ranging from 1 to several degrees of freedom.'
Work on resonance capture over a period of years, largely carried out
at the Argonne, 3rookhaven, Saclay, and Harwell (3ollinger 1974, Chrien



1980b)...showed that the distribution-:bfirAdiafcive':;transition-prcihabilltlej
for most nuc.lides follows reasonably accurately a Porter-Thomas function;
i . e . a chi-square distribution with one degree of freedom
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Fig. 1 The internal-target average-capture facility at ANL
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Fig. 2 The effect of averaging
over members of a Porter-Thomas
distributed set of intensities.

While deviations from such a distribution
have been frequently cited, such devia-
tions are always seen to be small, partic-
ularly for nudides for AilOO. The Porter-
Thomas distribution is very wide, with the
nodal value of the width equal to zero.
Bollinger (1971) also showed that as far
as the distribution properties are con-
cerned, thermal neutron capture was
equivalent to resonance capture. Such
a distribution severely limits the
usefulness of thermal capture to pop-
ulate final states of the residual
nucleus, since many transitions will
be weak and below experimental sensi-
tivity. Conversely, averaging even
over just a few resonances narrows the distribution, in the limit giving
a relative variance of 2/N, where U represents the number of equally con-
tributing resonances.

The early spectra obtained with the internal target, l^B-shielded method
showed a reasonably uniform population of final states. The final state
intensities divided into groups corresponding to different spin parity
ranges are shown in fig. 3. At the low neutron energies provided by the
^3-filter, only s-wave capture was available, and furthermore thej neutron
resonances at low energies generally have small scattering widths.. As
is shown below, under such conditions, the transitions divide into groups
such as those of fig. 3. These groups can be identified as E-l transi-
tions proceeding to states of 1+1/2 or 1+3/2, and M-l transitions to the
opposite parity states with similar spins. '



too too
Excitation energy tkeV)

600 AOO 200

O positive parity
O negative parity
• unknown

5.4 iS 3»
£,(»eV)

60 &Z

J

KUtHM • LT£« ) • • 5 *

Fig. 3 An example of averaging as applied to i^Ho. This may be regarded
as the "low-energy" limit; i.e. no p-wave capture and r »T . j

Later developments with this method used transmission filter techniques
which produce external neutron beams. There are extensive discussions in
the literature referring to applications of such beams to neutron capture
gamma-ray spectroscopy (Greenwood, 1976), and to a wide variety of other j
problems (Block, 1981). Two useful beam filters have been developed using
the materials suggested by the original experiments at the MTR reactor at
Idaho (Simpson, 1966); namely, scandium and iron. The energy transmission
character of the scandium (cn»2000 eV) filter in use at HFBR is shown in
fig. 4. These filtered beams are of higher average energy than the
Argonne l^B-filtered spectra and are thus sensitive to p-wave neutron
capture. This fact considerably complicates the analysis but is also
capable of providing more information.

With currents of from 106-107 n/cm2/sec avail-
able from these filters at the HF3R, much use-
ful capture spectroscopy can be done, albeit
with a limited dynamic range. The very large
resonant cross sections available near thermal
energies are unavailable at higher energies,
and th*. significantly higher neutron widths
cause various experimental and analytical
problems. Nevertheless a significant number
of experiments have been done which are cru-
cial to the interpretation of related thermal
neutron experiments on the same nuclides.
These external target experiments offer
one overwhelming advantage in the analy-
sis of the spectra: the incident neutron
energy distributions are readily cal-
culable from the known transmissions in
the regions of the cross section minima
near 2 and 24 keV. These data have been
provided by total cross section measure-
ments at these energies, undertaken with
high-resolution, neutron time-of-flight
experiments (Liou 1978, Liou 1979). These
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Tig.. 4_The_ measured, trans-
mission of the BML scandium
filter.



energy distributions are essential in understanding the fluctuations in th«
partial cross sections to the various final states. These fluctuations
determine the confidence levels in the assignment of final state energies,
spin, and parities by the resonance averaging technique.

In addition to the precise definition of the averaging region, the filters
offer the ability to produce beams at widely separated energies, thus
obtaining a varying amount of the £»0 and 1*1 beam components. The ex-
ternal beam provided by the filter has a lower intensity; the ratio of
count rates for the internal to external arrangements is

R (int/ext) A
where ftjj,&Q are the beam and detector solid angles, respectively. Since
a typical 8 Q is of the order of 1 percent, the internal target arrange-
ment enjoys a count rate advantage of the order of 100. Nevertheless,
the ability to provide a well defined neutron energy spectrum is a deci-
sive advantage and makes the external beam facility the option of choice
for most experiments.

Initial work with the HFBR Tailored Beam Facility was carried out with a
single germanium detector. The complexity of capture ganma-ray spectra,
however, severely limits the usefulness of singles detectors to a small
range of excitation energies near the ground state. The three-crystal
pair spectrometer provides a unitary line response which considerably
simplifies the observed spectra at the expense of a loss of 3 to 5 in
count rate. The spectrometer at the HFBR, shown in fig. 5, was developed
specifically for the application to resonance-averaged spectra by Stelts
and Chrien (1978).

Fig. 5 The three-crystal pair spectrometer used at the
HFBR.



The characteristics of the HFBR beam filters were established in a series
of experiments by Greenwood and Chrien (1976), who also studied the use-
fulness of filters composed of composite materials to suppress high energy
neutron groups. -The presence of such groups, caused by the unavoidable
presence of multiple interference windows in the filter, is fortunately
not very important in (n,Y) experiments, since the capture cross sections
tend to fall rapidly with increasing energy.

The response function for the HFBR detector
has been carefully characterized by
Stelts (1978), and the analytical formula-
tion is given in fig. 6. A peak-fitting
program has been developed for the analysis
of the resonance-averaged spectra from this
detector, and is based on the above formula-
tion. This program is ordinarily used for
the experiments listed here.

3. Analysis of Resonance-Averaged Capture

The resonance-averaged cross section for a
radiative transition to a final state f,
with a given J, ir is given by the expres-
sion (Lynn 1968)

Fig. 6 An analytical repre-
sentation of the line shape
for the HFBR spectrometer.
Not shown is the continuum
contribution on which this
line is superposed.

A number of assumptions can be made to sim-
plify the above expression. These assump-
tions are as follows:

1) Only 1*0 and 2-1 partial wrves are significant.
2) Only dipole radiative transitions need be considered.
3) The neutron and photon strength functions are spin and channel spin

independent.
4) The reduced neutron and photon widths (that is, widths corrected fcr

energy and mass dependence) are uncorrelated variables drawn from
parent populations described by the Porter-Thomas distribution.

5) The total radiation widths, Fy, are spin, parity and energy
independent.

6) The level densities for capturing states, of either parity, are des-
cribed by the expression

Dj - D6(2J+l)"
1exp [-J(J+l)/2o2]

where Do is the spacing of J*0 Levels, and a is the spin cut-off
factor, C % 3.5 for A-150, Ex (\j 7 MeV.

Under these assumptions, the averaged cross sections may be written as
follows: . .21T x W

2(21+!?
i J

S,(ka)2 EE,



where SQ,SI are the neutron strength functions
Sy(E-l) is the photon strength function for E-l transitions
R is the ratio <ryij(M-l)/TYij(E-l)>
k is the neutron wave number
A(J,Jf) the triangle function connecting Jf ,JTJ and unity
CCEn.J.iTi) - expfJ tJ+D/^lr -kEn.J)] and X.X'.X" X"1 ani kn.)] X.X.X X are
Porter-Thomas variables.

The comparison of this expression to data derived from resonance capture
necessitates some model for the photon strength functions. For E-l
transitions, it is clear that a Lorentzian expression is preferred
(McCullagh 1981). For the relatively limited excitation energy range ac-
cessible to practical experiments, typically 0 to 2 MeV, the Lorentzian
expression may be approximated by a power law expansion:

T(E) - rfEjj) (E/EB)
n

where n«5, typically.

For M-1 transitions, the energy dependence is not so clear. For the pre-
sent, one assumes a constant R ratio between M-l's and E-l's. Further
discussion of this point is deferred.

The calculation of the above expression is tedious, but the essential
point to be considered here is the fluctuation properties of <on,Y

>i.
These are a function of the number of capture states in an averaging inter-
val AE, which for the specific cases of scandium and iron beam filters
assuxae the values,

AE(scandium) % 850 eV, centered at 2000 eV
A2(iron) % 1900 eV, centered at 24300 eV

For the limiting case when the number of states approaches infinity, the
summations above may be expressed in terms of Lynn's fluctuation factors
F, where

<r > <rY l > / <r.>
F - <r r /v > aynn, 1968)

n Yi;T i
The replacement of the summation over initial states by use of these
fluctuation factors leads to expressions given previously in the litera-
ture (Chrien 1974, Stelts 1980). In such expressions the variables are
all set equal to unity, and the definition of the factors C(En,J,iT) in-
clude the fluctuation factors,

C - exp[J(J+l)/2a2]r"1(En,J)F(rY/rn)

However, the only practical way to evaluate the fluctuations in ̂ n . Y ^ is
to carry out a Monte Carlo analysis of the full expression. This- has been
performed, using an algorithm due to Knuth (1969), for generating.ran-
domly distributed Gaussian and Porter-Thomas variables.



4. Discussion of the Fluctuation Properties

The above analysis has been carried out for several nudides for which ex-
perimental data are available from the HFBR measurement program. A speci-
fic example is a computation for the accessible final states of 168Er at _
2 and 24 keV. The neutron resonance parameters for 168Er have been taken'
from BNL-325, Third Edition, Vol. I, and the assumptions listed above havo
been made. For each final state with a given J, one thousand Monte Carlo
cases have been computed and histogrammed to form probability distribution
functions. The resulting histograms have been smoothed and normalized,
and are plotted in figs. 7 through 10.
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Fig. 7 The probability distribution
functions for feeding of negative
parity states of 168Er by neutron
capture from the 2 keV scandium-
filtered beam. The functions have
been obtained by smoothing a Monte-
Carlo derived histogram as described
in the text.

Fig. 8 The distribution functions
at 2 keV for positive parity
states of 168Er.
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Fig. 9 The distribution functions at
24 keV for 168£r negative parity
stares.
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Fig. 10 The distribution functions
at 24 keV for 168Er positive
parity states.



provides a suitable testing ground for this analysis, and for the ap-
plication of the averaging technique. Excellent averaging is obtained be-
cause of the low s-wave spacing, which is about 4 eV. Approximately s-wave
220 resonance occur in the 2 keV windov, while at 24 keV, over 475 such
resonances are reached with about 1400 p-wave resonances contributing
significantly. Few available nuclides can provide such favorable averag- -
ing. A summary of the relevant neutron width parameters for these dis-
tributions is given in Table I.

Table I: The assumed neutron resonance parameters for

I - 7/2+

Dobs * 4 eV5 Do * 32.7i aV
a(spin cut off) » 3.5
<l«n /D - 1.8 x 10-*
<r* /D - i.i x io-4

11 0.0898 eV

- o.i8

Of special interest in the context of the present discussion is the stan-
dard deviation of these distributions. The values for 0* may be crudely
estimated from the properties of the Porter-Thomas distribution and from
the number of capturing states in the averaging interval. For example,
for the population at 2 keV of the 3" and 4~ final states of lftSEr, the
capture strength is almost entirely due to E-l transitions from s-vave
resonances of 3 + and 4 +. The variance for a x~S(luare distribution with
V degrees of freedom is, asymptotically,

a2 » 2v

and the relative standard deviation is

a/m * /2/v.

The radiative strength is given by the product of two uncorrelated chi-
square distributions, and the number of degrees of freedom at 2 keV is
thus AE/D(obs) * 850/4 or 212, therefore,

a/a % 2/i/u % ZlJlU. % 0.137.

The value obtained from the Monte Carlo simulation is 0.139. The dis-
persion inferred from the 'exact?1 calculation is affected by the proper-
ties of the Porter-Thomas distribution, the contributions from M-l
transitions, the presence of p-wave capture, and the effects of the cor-
relations between the neutron and total vidths. These effects, while
small at low neutron energies become exceedingly important in the spectra
at 24.3 keV, as can be seen from an examination of the 2 and 24.3 keV
data.

A comparison of the probability distributions for 2 and 24 keV shows that
the ability to discriminate between positive and negative parity final
states is good at 2 keV, but is poor at 24.3 keV. For the latter spec-
trum taken alone, it is impractical to classify clearly any but the 3~, 4"
states. Thus it would appear that the principal value of the 24.3 keV
spectrum is derived by comparison to a corresponding 2 keV spectrum for
the same target. The measured ratios I(2)/I(24) of line intensities pro-
vide a further check on the validity of the parity assignments, but give



.little information on the accuracy of spin assignments. In principal,
the 24 keV spectrum may be most helpful through its increased ability to
populate states at the extremes of the spin distribution, that is, final
states with 1+3/2 or 1+5/2. Unfortunately the lower capture cross sec-
tions, and resulting lower dynamic range available for 24 keV measure-
ments, make it difficult to realize this advantage in practice.

The probability distributions for the 2 keV - and + parity final states
described in these figures have been combined and binned in the histogram
of fig. 11. The summed histogram shows the three groupings that might be
expected in the data of an experiment, and the bin size has been chosen
to correspond to a reasonable experimental error. Peaks corresponding to
3,4" final states, 2~,5~ final states, and the various + parity final
states are clearly distinguished.

5. Comparison to Experiment

The most extensively studied set of . Îj7 ~ ' ~ -
states measured by resonance averaged ••-'f!*',5.-.-,
capture is contained in the ̂ ^ 8 ^ work > * ;

of Davidson et al. (1981). This work _ .
illustrates the power of combining .,j
precise low-energy transition data with |-.| .
high energy, direct transitions mea- I4J
sured by the averaging technique. !•-: < -

* *
Histograms of the experimental data, •.-'•• r'~-. _~L
fomied from the published set of 57 ;u j " ~ ~_
observed primary transitions are dis- -i ~
played in figs. 12 and 13 binned in ,—x—-—?—,^-A?—-,—
relative intensity units of 0.5 and 0.25
for the 2 and 24 keV spectra respec-
tively. The highest intensity groups Fig. 11 A histogram derived
have means near 10 and 4 units, respec- from figs. 7 and 8 for pre-
tively. An E^ power reduction factor dieting the 2 keV capture
has been used to compare all transi- spectrum of ̂ o^ErCn, )168Er.
tions at a common transition energy. The histogram has been binned
This power law reduction is a good in 57. intervals referred to
approximation to the Lorentzian function the 3~,4~ capture group mean.
over the 2 MeV excitation range of the
experiment. While the power law is a reasonable approximation for the
energy dependence of E-l transitions, there is no physical justification
for its use for M-l transitions. For convenience, and in the absence
of any evidence for a different dependence in the data, a constant ratio
of M-l to E-l strengths is assumed.

Both histograms show a persistent group of high intensities lines which
can be obviously associated with transitions to 3~ or 4" capturing states.
The probability distributions for these two sets of transitions are vir-
tually indistinguishable, as is evident from the figures, having the same
means and dispersions.

Fifteen final states were assigned 3~,4~ on the basis of this grouping at
2 keV by Davidson et al. In the further discussion of these data here,
it is to be understood that no reliance on model-dependent, arguments,
or nuclear systematics is made. The transitions of this group include a
line with very high intensity (21.2) units, at E«6231.8 keV, which is



assumed to be a doublet by Davidson et al. The relative standard devia-
tion can be calculated for the experimental sample, using an unbiased
estimate of the variance:

where m is the sample mean, and x the reduced intensity.

For this sample, the Monte Carlo predicted variance, using the parameters
of Table I is 0.139, while the experimental value is

exp
1.11 + 0.21

a clearly unacceptable value. If the deviant line is replaced by a doub-
let of 3~, 4~ transitions, of equal strength, one obtains

(a/m)
exp

0.138 + 0.03

which isjreasonably close to the dispersion calculated for the parent
population,-,.;.iLenĉ cne can justify on statistical grounds, the assumption
o f " • • • - - * -

A similar calcu^ati^Sg^an be carried out for members of the (2 ,5 ) set,
which are fedr_bya feyarfstates and thus has a larger dispersion. Inspec-
tion of figj.j-llr aft<k<££ne data histogram of fig. 12 shows that a clean sep-
aration ojc !th$ groups, also is obtained in this case. Figure 14 gives the
prior profc&lJrHi.t£eŝ calculated for the following cases, where the means
of identified -transit y.ons '.o 3",4~ states is taken as unity:

a) the probability that a given transition proceeds to a final state of
odd parity; b) the probability that a given transition proceeds to either
a 2" or 5~ final state; and c) the probability that a given transition
proceeds to either a 3" or 4~ final state.
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Fig. 12 The 2 keV capture data obtained
experimentally for 16SEr. Shown
are the predicted mean values,
and 5 to 952 confidence limits
for the various final state
groups as predicted from a Monts-
Carlo simulation.

Fig. 13 The 24 keV capture
data for I68£r) with
the predicted spin
grouping.



From this figure it is apparent that there is adequate discrimination for
even and odd parity final states, and for the various spin classification.
For example, one may ask the following question: what is the probability
that the spin classification of Davidson et al. is error free? For the
15 transitions classified as proceeding to 3",4" final states, the lowest •
measured intensity is that of the 5675.8 keV gamma-ray at 76% of the 3~,4~
class mean. For a line whose intensity is 0.76 or larger, there is only a
3.32 probability of belonging to the 2",5" class. Thus the chance that the
15 assignments of Davidson et al. are all correct is (.967r5 - 0.605 (for
1 error 0.309, for 2,0.074). Of course, other arguments can be used to
support the spin assignments; for example, data from experiments, model
arguments, and nuclear systematics. The conclusions arrived at in the
present discussion involve only the statistics of the capture process.
Thus it can be concluded from such discussions that the method is clearly
capable of firm spin-parity assignments.

The dispersion of the 2 ,5 intensity set can also be compared to the Monte
Carlo results. In this case, the comparison is as satisfactory as for the
3~,4~ spins. The dispersion for the 12 reported states in that category,
ff/m* 0.19 + 0.04 is in good agreement with the Monte Carlo'pfediction of
0.193, The expected density functions for the [2~,5~] sef-shbw a distinct
separation between 2 and 5~ model values and this separation, while not
experimentally observable, slightly increases the dispersion; The separa-
tion is due entirely to the significantly different level sp&cings for
resonances which feed these final states. These differing-level spacings
give rise to difference in the resonance total widths. TheSgcoo1 agreement
between internal and external dispersions (internal = 'derived -from the
sample and external = determined by Monte Carlo) gives us c"ohfidence about
our simulation of the physical situation.

A comparison of the histograms of the 2 and 24 keV data shows strikingly
the increased role of the final states of parity equal to the target nuc-
leus, due to the presence of significant p-wave capture followed by E-l
transitions. Not surprisingly, the overlap between sets "inner" (1+1/2)
and "outer" (1+3/2) is narrowed, due to the great increase in the number of
significantly participating resonances. Unfortunately the comparable in-
tensities for even and odd parity final states increases the complexity of
the spectrum to the point where analysis becomes difficult. The use of 24
keV spectra is perhaps most important as a supplement to the 2 keV spectra,
which is usually dominated by s-wave capture.

Fig. 14 The prior probabilities for
identifying levels in various
spin-parity categories, calcu-
lated for 168Er a t 2 keV.

Cor-

0 20 40 SO 30 100 IZ0T50

Fig. 15 Probability distribu-
tions for the case of



One final point to be made concerns the question of missing an expected
'transition due to the limited dynamic range in these experiments. In
nuclear structure questions the absence of a postulated level is just as
important as its presence, and use is made of these spectra to establish
the completeness of a set of levels. As an example, one may ask concern-
ing the 57 reported transitions of 168gr to EeX " 2 MeV, how many levels '
could have been missed in the spin 2-5 category? The data histogram •
plausibly suggests setting a lower sensitivity level at about 10Z of the '
mean intensity of the [3~,4~] set. The probability distributions indicate
only approximately 0.3Z of the 2~ intensity lies belov this limit, while <
essentially none of the others would be missed. Thus it can be estimated
that in this case thsre is a >98% chance that all levels in the 2-5 set
have been seen. Thus, for the case of 168Er at least, with its superior
averaging, there appears to be great confidence that complete level set
has been obtained. This conclusion may not be so strong in other cases,
where higher level spacings obtain.

Data from 22 other nuclides obtained from the 2 and 24 keV tailored beam
facility at the HFBR-^re currently being examined vich the Monte Carlo
program. We do not. present a detailed analysis here, but give two brief
examples wher*: £h*;jd*£ft. fail to fall into the spin-parity groupings ex-
pected from a fijtfere analysis.

: •"•-"• Iff**'1* « 1 6 4

For the case; of;, : Dy! (
Qyr) By submitted by Warner et al. to this

conference,.-jthftirl,- f.i\A^ final states fail to exhibit any grouping.
Table II indicates the reduced intensities for the 2 keV spectra, with
spin assignments previously obtained from the Nuclear Data Sheets. Note
that the intensities: for the transitions to the 2 + and 4 + members of the
gs band are equal within experimental errors, although a factor of two is
naively expected.

Reduced intensities for transitions in Dy(n,y) Dy to levels

Table II

ities for f- ansii
of known spin .

E(keV)

7586 A 100+5
7417 • 95+10
6898 112+8
6831 138+7
6744 74J-5
66S3 21+3
6621 17+2
6536 16+2
6071 23+3

The result is sharply different from " Er, but is to be expected because
of the sizable difference in the level spacing for s-wave resonances in
these two cases: 3.5 eV for 16jDy vs. 4 eV for 167Er. Figure 15 shows
the probability distributions for intensities to the + pariiv final
states. As is visually obvious, the averaging is inadequate to permit
spin assignments for this case. On the other hand, the level parities
are easily separated. It should be clear that sufficient averaging is
essential for spin identification, and these examples suggest that suit-
able averaging is available for only a limited set of nuclides.
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In some cases, the statistical assumptions made are invalid. A good
example of this situation has recently been given by an experiment carried
out by the Brookhaven group (IJ.au, 1981) for the target 239Pu, a fissile
nucleus. As pointed out by them, the introduction of a fission channel
dramatically alters the averaging properties. It is well known that the
fission widths for 239Pu are spin dependent (Michaudon, 1976)

- 0.035 eV

Consequently the total widths for J»l resonances are about a factor of 25
smaller than those for J~0. The data for Pu shov no discrimination
among final states of J* » 0*, I4, and 2-. The result is a consequence
of the suppression of radiative transitions from spin 0 resonances, due to
the competition with fission. Only spin 1 resonances contribute appreci-
ably to the resonance-averaged spectrum; hence no spin grouping can be
expected.

Of more interest is the effect of so-called non-statistical properties on
the average spectra. To date no effects attributable to'width correla-
tions have been observed, except from the trivial one arising'from the
correlation between the total width «nd the neutron width-*. Such correla-
tions, if present, are completely masked by the fluctuations arising from
the relatively small number of resonances in the available averaging
intervals. The search for non-statistical effects in the resonance-
averaged spectra appears not to be promising. • • • '•
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