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1. Introduction

The compound nucleus mechanism is dominant for the neutron capture process up to several
MeV incident neutron energy. Therefore, the statistical model is generally used to describe and
calculate the (n,y) cross sections and spectra for these energies. An exception to this can occur
in thermal and resonance regions (thus at low neutron energies) in mass regions, where
nonstatistical processes (potential and valence capture) may become important.

The y-ray transmission coefficient TXL, usually used in the model calculations, is related to the
y-ray strength function fxL as

TxL(Ey) = 27iEy
2L+1fxL(EY), (1)

where Ey is the y-ray energy and L indicates the multipolarity of the radiation. Therefore, both
theoretical and experimental knowledge of y-ray strength functions is a very important
ingredient for description and calculation of photon production data in all reaction channels,
not only for the (n,y) reaction. The impact of different theoretical formulations of El , Ml and
E2 gamma-ray strength functions on the statistical model calculations have been recently
studied in several publications [1-8].

In this study we concentrate on experimental y-ray strength functions, collected over a period
of about 40 years and based on measurements of partial radiative widths Ty. Such data
originate from three different types of experiments. Most of the data are derived from discrete-
resonance capture experiments using the method of slow neutron time-of-flight spectrometry.
In some cases, the thermal neutron capture data can be used, however, with some restrictions.
The last source of data is set of the photonuclear data. Common in the analysis of all these
experiments is a need to average over Porter-Thomas fluctuations, which govern the
distribution of partial radiative widths.

The first compilation of McCullagh et aL [9] included about 50 nuclides with absolute partial
widths originating from Owy) and (y,n) reactions, selected from data published before 1980
and averaged over the observed resonances. These data were analysed in the framework of
model dependent (single-particle model and Brink-Axel approximation) strength functions for
El and Ml radiation. The mean energy for this data set was about 7 MeV. From fits to these
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data Kopecky [10] derived global formulae for the additional dependence of fki and f\n on the
mass A compared to the above models. We prefer the model independent definition of strength
functions for dipole radiation, written as

fUE*) = < r r / E V x I/Do. (2)

A first update of this data set was made by Kopecky and Uhl [11] in 1990. In their study a few
new data have been added and the general reliability of the data was addressed. It has been
noticed that for a meaningful application of the experimental fi^E*) values in the statistical-
model calculations it is necessary to check (and correct) the data for the presence of a non-
statistical component in the total or partial radiative widths. Such corrections have not been
applied yet and the use of data, if a non-statistical mechanism is strongly present in the
resonance region, may lead to a significant overestimation of normalization in the calculation.
The aim of this paper is to develop the y-ray strength function systematics, based on the
recently updated set of experimental data. A further objective of this work is to address the
accuracy and reliability of fxL data in general in view of all possible sources of uncertainties.

2. Update, accuracy and revision of selected data

2.1 Data additions

The original set of data [9] has been extended with data published between 1981 and 1995
with, however, no claim to completeness. The preliminary results have been published in Ref.
[12] and the present compilation is a slightly extended and updated version. The extensions
include resolved-resonance measurements [13-21], thermal-capture measurements [22-24] and
photonuclear data [25-27].

Two comments should be made concerning the interpretation of thermal capture data in terms
of strength functions. Firstly, Bollinger [28] has demonstrated that the distribution of y-ray
intensities following thermal capture follows only approximately the Porter-Thomas
distribution, and in cases that both spin components contribute in thermal region, the
distribution should be intermediate between •£ distributions with one and two degrees of
freedom. Secondly, the conversion of thermal y-ray intensities into partial radiative widths is
based on the average value of the total radiative width, as derived from all measured
resonances. This quantity, especially if resonances in a wide energy region are considered, may
not be a good representation of the radiative width for the thermal region. Three such
measurements have been included in our data set; we have selected only those where the
authors derived the fki.Mi values by themselves [22-24]. However, it should be mentioned that
a huge wealth of thermal capture data is available and it would certainly be worthwhile to
consider making the effort to convert well-selected data into the y-ray strength functions.

The final data sets of fEi and fvii values are listed in Table 1. Only a small number of minor
corrections to the original data [9] have been made; most of the data have been adopted
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without changes. Values for two different resonance spins, treated separately in Ref. [9], have
been combined. The indicated errors include statistical normalization (assumed 20%) and
Porter-Thomas uncertainties. Data posterior to Ref. [9] have been adopted without changes
and their origin is quoted in Table 1 by their references. Further, the number of resonances and
y-rays used in evaluation of fEi.M i values is quoted, just to indicate the quality of averaging.

Another assessment concerned the mean energy Ey at which fEi.Mi values have been derived.
Following Eq. (1) only the partial E \ reduction factor has been applied and no additional
energy dependence was assumed. This is reasonable if the energy region is narrow and the
additional energy dependence which comes from the El (Ml) giant-resonance model is
negligible. The quoted fEiMi value is thus the mean value over all partial fE!.Mi(EyO entries
considered, which is assumed to correspond approximately to the mean value <Ey>. This
energy is quoted in Table 1 in a comment line. An inspection of these values shows that the
majority of data do not deviate significantly from earlier quoted <Ey> = 6 - 7 MeV. A fraction
of the fEi..Mi scatter may, however, stem from internal differences in distributions of partial data
within the <Ev> range. The only data outside 6 - 7 MeV to be considered are the actinide data
with < E > = 4.2 MeV. The energy correction due to additional energy dependence (e.g.
assumed E2

y for El radiation) increases fEi values by factor of 2.5. The global trend of fEi.Mi
data is, however, not significantly influenced due to a relatively small number of such data
points, as was shown in Ref. [10].

2.2 Additional uncertainties in fEi and fwi values

In order to get a feeling for additional uncertainties, two of their main sources are discussed
now in detail.

Firstly we review uncertainties in ki.w coming from the s-wave resonance spacing Do- This
quantity may severely influence the "experimental" fL(Ey) values. Recent evaluations of Do
values at ENEA Bologna, IPPE Obninsk and CNDC Beijing published in Refs. [29-31] within
the IAEA Co-ordinated Research Programme on the Reference Input Parameter Library,
compared to the original BNL evaluation [32], showed in several cases significant
disagreements, despite the fact that a similar methodology (corrections for missed or wrongly
assigned resonances), was applied. All Do evaluations [29-32] are quoted in columns 2 and 3 of
Table 1 together with the value used in the original reference. This enables the reader to make a
judgement of the Do uncertainty and eventually to re-evaluate the value of fiXEy) with another
Do.

It turned out that in some cases an incorrect Do value was applied in the derivation of fEi.Mi
values and a correction is proposed here. A general word of caution, however, has to be given
here. As an example of such significant differences the 'NtHXy) reaction can be mentioned.
While values of Do = 37.8 eV, 44 eV and 45 eV have been deduced in Refs. [9,29,32],
respectively, the evaluations [30,31] resulted in 90 eV and 105 eV. Additionally Vertes and
Grigoriew [33] quoted the value of 67 eV. Thus the data differ by more than a factor of two.
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The fki.Mi data may therefore be categorised into two groups, those with no significant
differences among the derived Do values and consequently with a small uncertainty due to
resonance spacing, and those where significant disagreement among Do values occurs. For the
last group the additional uncertainty has to be considered and those data are labelled with "Do"
warning in Table 1 or a correction is proposed.

Special attention has to be paid also to the absolute calibration of the radiative width and its
accuracy. Several approaches have been applied in the experiments considered, such as internal
normalization to a strong secondary transition in the spectrum studied or to well known values
of the radiative width for individual resonances. As an external normalization, either
measurements relative to the Au standard (4.9 eV resonance) have been used, or
measurements relative to well established thermal capture standards, such as Cl. Recently,
Becvar et al. [13] developed a method of calibration relative to the 477 keV y-line from the
loB(n,oc) reaction by a simultaneous time-of-flight measurement of the target material with a
thin layer of boron. Close inspection of available data, however, raised a suspicion that in many
cases the accuracy associated with the normalization procedure is underestimated, with
possible consequences for the derived fki.Mi values.

150

As an example the Sm(n,y) reaction can be mentioned. The y-ray intensities, based on the
experiment carried out at the BNL fast chopper, were calibrated by two different methods. In
the original study [34] the absolute normalization against a secondary transition in the

Sm(n,y) spectrum resulted in a value of fEi = 4.46(110) 10" MeV"'. while later a new
calibration [18] using the boron 477 keV line, gave a value of fEi = 7.83(157) 10"8 MeV"\ Their
difference lies outside the quoted errors. However, it has to be remembered that it is very
difficult to judge the quality of internal calibration without reviewing the original experimental
data and the corresponding calibration runs in detail. It seems that an error factor of f=1.5 is a
reasonable estimate of the additional global calibration uncertainty.

2.3 Comments on non-statistical capture mechanism

Another inspection was made for nuclides that can be influenced by a strong El nonstatistical
component present in the resonance region. This effect may explain some of the experimental
fki values that significantly exceed values based on pure statistical contributions. Further it is of
relevance how large their influence is on the global systematics of fEi as a function of mass. In
some data the size of the valence contribution has been discussed and estimated already by the
authors as referenced. Here we can list the following reactions: 91Zr(y,n), 9~Mo(n.y).
10lRu(n,y), l98Hg(n,y) and 2O7Pb(y,n). For the mass region of the 3s-wave giant resonance,
40<A<60, an estimate of approximately 50% valence contribution to the total radiative width
can be quoted. This seems to be a reasonable guess based, for example, on calculations of
Allen and Musgrove [35] and comparisons between F/s-wave) and r/p-wave) values in the
above mass region, where the latter is assumed to have a pure statistical nature. Similar
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enhancements of El radiation may be expected in the 3p-(4s-) giant resonance regions
(90<A<l 10 and 140<A<200).

For nuclides with very limited number (<3) of primary transitions (e.g. ground-state
transitions), the value of the derived strength function may not be reliable and not
representative for the statistical capture, even if a relatively sufficient number of resonances was
used for averaging. These transitions may still carry the simple (single-particle) structure
through several resonances.

For Ml radiation the situation is more complicated. There Is no general theoretical explanation
of the non-statistical mechanism, despite the fact that these effects have been experimentally
observed (see e.g. [36,37]).

3. Discussion of data

3.1 E l radiation

All surveyed data with their original values, denoted according to their experimental origin, are
displayed in Fig. 1 together with a least-squares fit of a power dependence on mass number A
(solid curve). Data follow the expected smooth global trend reasonably well with two
exceptions, where some deviations above the general scatter of data may be considered. These
large deviations belong to data in mass regions with A<40 and 170<A<210. There is no
difference detected in the trend of the data among the three experimental methods applied. For
an indication of how the extension and revisions of the data set have influenced the general
trend in fEi data, the fitted curve from 1981 [10] is plotted in Fig. 1 for comparison.

Reasons for a large scatter of the low-mass data (A<40) can surely be attributed to insufficient
averaging together with a pronounced single-particle character of many transitions. However,
it seems that their mean value reasonably represents the general trend, as expected from the
other data. The situation in the mass region with 17CkA<210 Is more complex. Several
strongly enhanced data points can be explained by the presence of a non-statistical mechanism,
in particular those around the double-closed shell region. However, this enhancement is not a
general feature of all data, since some values seem to follow the general trend, as determined
by data from the mass region with 100<A<170. It can be noticed that the general behavior of
the scatter in the data around the trend curve in Fig. 1 can be characterised by an uncertainty
factor of k=2, which leaves about 10% of data points outside the uncertainty band (see Fig. 1).

This data scatter probably masks the expected enhancement of fEi values in other mass regions
(see Sect. 2.3). This is demonstrated in Fig. 2, where data with well established nonstatistical
contributions have a tendency to lie in the upper half of the data band. It turns out. however,
that these nonstatistical data have very little influence on the overall trend and fit to the fEi
values. This can be seen in Fig. 2, where the fit to data without those labelled as "nonstat" is
drawn and differs negligibly from the fit to all data.
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Fig. 1. Plot of fEi values [full circles (nres,y), open circles (y,n), and squares (ruh,y)] against the
mass number. The full curve represent a least-squares fit to recent data; the fit from
1981 [10] is denoted by the dashed curve. Dotted curves display an uncertainty band
with k=2 (see Eq. (4)).
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Fig. 2. The same as Fig. 1; the open circles denote entries with nonstatistical contributions.
The dotted curve results from a LSQ fit to only statistical data (full circles), while the
full curve stems from Fig. 1.
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A substantial fraction of this scatter can be certainly attributed to uncertainties (see Section 2.2)
and to insufficient averaging of Porter-Thomas fluctuations. All facts discussed above suggest
that extensions and changes in basic data including recent revisions (Do revisions; see
comments in Table 1) have very small influence on the global behavior of fEi values and their
fit.

3.2 Ml radiation

For Ml radiation, the situation is more complicated for several reasons. The systematic
behavior of the Ml strength function (see Fig.3) shows a mass dependence similar to El
radiation. These data, however, are scarce and statistically less accurate, often based on
inadequate averaging. The uncertainty representing data scatter, determined in a similar way as
for El radiation with about 10% data points outside, amounts to a factor of three (see Fig.3).
The curve fitted to data available in 1981 (Ref. [10]) differs very little from the present fit.

There is no well-established general theoretical expression for f\n. The frequently used single-
particle estimate is at variance with a finite energy-weighted sum rule and is also ruled out by
the observed mass dependence. The recently proposed giant resonance model [38], based on
the Brink hypothesis [39] and the spin-flip Ml resonance, lacks a global description of the sum
rule. The data display also some effects that may be attributed to a nonstatistical origin. Some
of the enhanced data seem to cluster in a gross structure but a clear identification is difficult.
However, their influence on the general trend is marginal as can be seen in Fig. 4. Only in two
original references was the nonstatistical origin of the data identified.

4. Recommended systematics

It has been shown that there is no significant influence on the global trend of the fitted strength
functions as a function of mass as a result of updating the basis data set since 1981. It has been
shown further that this global trend is also not influenced by data enhanced by nonstatistical
effects. The general reason for this is that the associated individual errors, dominated by Porter-
Thomas uncertainties, are sometimes comparable to these effects and that the number of
nonstatistical entries is relatively small. Therefore, we have decided to apply only corrections to
those Do values in the original entries that were obviously wrong. These changes are
documented in Table 1. The least-square fit to these data have resulted in a recommended
experimental (trend) systematics, which is

fc (exp) = 9 .23x10-" AlM±ou.

fM,(exp)=1.58xl0"9 A047±021
(3)
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Fig. 3. Plot of fvn values. The uncertainty band has a value of k=3 (symbols are the same as
used in Fig. 1).
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Fig. 4. Non-statistical 1M I data. Symbols are as used in Fig. 2.
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These expressions are recommended for estimates of fEi.Mi values in calculation normalizations
if the neutron binding energy is not too much different from a value of 6 to 7 MeV. The
associated uncertainty factor k. defined as

fEI.Ml/k < fEI.MI <kfEI.Ml, (4)

has been proposed elsewhere and amounts to k = 2(3) for El (Ml) radiation, respectively.
These uncertainty factors, to some extent arbitrarily chosen, agree reasonably well with
associated errors of the A power as derived from the least-squares fit. resulting in k values 2.1
and 2.9.
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Fig. 5. The fki data corrected for non-statistical contributions (see Table 1). The fit to these
data is denoted by the dashed curve; the other symbols are as in Fig. 1.

In the second phase we made an attempt, only for fEi, to produce a set of data representing
pure El statistical components. Corrections applied for nonstatistical contributions have in
many cases a rather subjective character based on an educated guess, and should not be taken
as a proper quantitative treatment. This exercise resulted in smoother data but with little
influence on the global trend. The corrected data are again documented in Table 1 and are
displayed in Fig. 5.

5. Conclusions

1. The original experimental data set for El and Ml gamma-ray strength functions [9] has
been reviewed and extended by recent data covering the period up to 1996. The results are
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compiled in Table 1. The resulting fki and fM i values show a smoothly increasing dependence
on mass A, different from that expected from the single-particle model. Together with an
additional energy dependence above the E'1 phase-shift factor (as detected in many average-
resonance capture experiments), it may be concluded that the use of the single-particle model
should be disregarded for both E1 and Ml radiation.

2. The data fluctuations around the fitted systematics are dominated by the combined effects of
experimental uncertainties (including the averaging properties) and uncertainties in Do values.
Possible corrections are discussed and in several cases applied. In order to cover the
uncertainty in Do determinations, all previous and recent Do evaluations are included in Table 1.
The size of these fluctuations complicates the interpretation of individual data in terms of
statistical and nonstatistical components; however, a global trend in the data is detected.

3. The resulting set of fEi values generally underestimates the predictions of the standard
Lorentzian. as expected from previous studies. This behavior constitutes a global argument for
the use of the generalised Lorentzian with an energy dependent width [1.38]. The
enhancements of El radiation above this model in mass regions 50<A<60 and 15OcA<170,
which influences all quantities such as fEi, <FT>, &t and do/dOEn, may be attributed to global
nonstatistical effects. However, it is not excluded that some of the <Ty> enhancements are due
to experimental effects.

4. For practical applications in statistical model calculations, the experimental ratio of <Ty>fDo
is probably the best normalization check. The derived systematics of fbi and fMi, if necessary
combined with the trend in El/Ml ratios, can be used as a reasonable approximation for the
strength functions in model calculations, if experimental values are not available.
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Table 1: Compilation and revisions of experimental values for gamma-ray strength
functions fgi and fM; in units of 10"8 MeV° based on s-(p-) wave neutron
capture and photonuclear data.

Format of entries (see remarks at end of table for interpretation):

A Z [Ref.], Reac. #res/El/Ml, <EyE|/E7M1>, Do [eV] from [32,29,30,31]

Do [eV] fEI fM1

Comments and revised values, if any

Table of gamma-ray strength functions:

" ° F [9], (n,y), 2/5/3. <4.4/4.4>.-, 200000 , - , -

33200 1.80(112) 4.26(310)

Do uncertainty

25
Mg [25]. (y,n), 14/1, </8.5>, 143500,234000, 120000, -

0.36(19)

25Mg [9], (n,y). 1/4, <6.0/>, 143500, 234000. 120000, -

143000 5.17(380)

26Mg [9], (Y,n), 6/1, <1 !.!/>,-, 193000, 14000,-

3.46(255)

28
A l [9], (n,y), 2/5/2, <6.6/6.9>,-, 58000.32000,64300

19970 1.48(92) 2.08(139)

Do=<50000> 0.40 0.59(37) 0.83(66)
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29
S i [9], (n,y), 2/5/2, <6.0/5.4>, -, 176000. -, -

40000 0.22(15) 0.125(70)

Do uncertainty

30Si [9], (n,y). 1/2, <6.9/>,- . - , - , -

100000 0.57(39)

33,

36,

46

53Cr

[9], (n,y). 1/4/3, <7.5/7.5>, 17000. 28000, 17000, -

203000 0.15(12) 0.66(57)

Do= 17000 11.9 1.79(143) 7.88(681)

C\ [9], (n,y), 1/9/5, <7.2/5.4>, 21000, 14500.28OOO? 8428

24500 0.13(7) 0.30(20)

Do uncertainty

SC [9], (n,y), 2/13/9, <7.0/7.2>. 1300, 1330, 1300. 1450

1300 1.61(59) 1.17(59)

[9], (y,n), 21/1/1, <7.9/7.9>, 42000, 35600, 45000. -

Nonst. effects 0.5

3.19(235)

1.60(118)

2.80(188)

54C r [17], (n.y). 23/33/31, <6.7/6.7>, 7100, 6310, 7100, 6550

7100 1.74(20) 0.59(6)

Nonst. effects/Averaging



- 177-

Fe [9]. (Y-n). 15/1/1. <7.7/7.7>, 17000, 22000, 25000, -

2.46(181) 2.25(78)

Nonst. effects 0.5 1.23(99)

3 7 F e [26]. (Y,n), 32/1/1, <7.8/7.8>, 17000, 22000. 25000, -

1.46(70) 0.96(33)

Nonst. effects/Averaging

6 0 ^
C O [9], (n/y), 1/8, <7.0/>, 1100. 1170. 1100, 1340

1060 2.70(146)

Nonst. effects 0.5 1.35(73)

6 1 N i [9]. (y.n). 23/1/1. <7.8/7.8>, 16000, 14100, 16000, 14935

1.46(101) 2.00(108)

Nonst. effects 0.5 0.73(50)

^ C U [9], (n,Y), 3/9. <7.5/>, 320, 895, 1040, 1452

629 1.53(52)

7 4 G e [9], (n,Y), 5/7/7, <7.1/7.9>, 82, 102,82, 165

76 3.44(115) 2.57(82)

9 1 Z r [9]. (y,n). 32/1. <7.2/>, 6400,7670,8600, 10500

7.48(281)

Nonst. effects 0.42 3.14(118)
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94
N b [9]. (n.y). 7/15/16, <6.5/6.5>, 44.59,90, 105

37.8 5.04(124) 1.20(44)

D0 = 67eV 0.5 2.84(70) 0.68(25)

M O [9], (n,y), 8/10/9, <6.6/6.2>, 2100,2170,3600,3000

1000 5.67(147) 1.46(42)

Nonst. effects 0.20 1.13(29)
Do = <2580>

M O [27], (y,n), NA/1, <7.3/>, 975, 1150, 1150,2265

5.38(41)

Nonst. effects 0.50 2.69(20)

M O [9]. (n.y), 17/7/8. <5.5/5.5>, 970, 941. 970, -

429 4.32(81) 0.59(18)

[9], (n,y), 4/5/10, <6.9/7.4>, 25,26,25,26

31.4 2.97(41) 2.12(118)

R U [9], (n,7), 6/5. </7.8>? 16,29. 18,94

24.6 - 4.00(160)

Enhanced trans. 0.62 2.46(98)

R h [9]. (n,y). 6/4/2, <6.9/6.9>, 16.22.8.31, -

23.2 4.13(33) 0.54(31)

93

95

99

l 00Ru

102

104
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1 0 6 P d [9], (n,y). 8/10/12, <7.9/7.9>, 10.9.8, 10.3, 13

11.9 3.79(87) 1.19(27)

116
In [9], (n,y), 31/12/12. <5.9/6.1>, 9.4, 9.5, 9.4. 9.3

9.5 5.56(159) 1.13(30)

122S b [9], (n,y), 12/9/9, <6.1/5.9>, 18, 16.5, 18. 18.5

13.5 3.05(61) 0.61(12)

124S b [9]. (n.y). 4/11/13, <5.6/5.8>, 38.28,38,42

20.7 3.48(203) 0.79(20)

I26<
Te [9]. (n.y). 6/10. </7.7>, 38.47,48,56.25

38 - 1.60(44)

1 2 8 I [9]. (n,y), 8/7/12 <6.5/6.5>, 9.7, 12.9, 14.5, 15

13.3 1.88(46) 0.31(5)

I [22], (n,y)th, 0/11/20. <6.5/6.5>, 9.7. 12.9. 14.5. 15

9.7 8.64(329) 0.73(13)

Do = <15> 0.65 5.59(213) 0.47(9)

1 3 6 B a [9], (n?y), 6/1/4. <6.6/7.9>, 40, 57.6, 40, -

47.6 4.23(254) 1.40(70)

J B a [23], (n,y)th, 0/16/16, <6.5/6.5>. 40,57.6,40,-

40 2.7(7) 0.57(21)
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144
N d [9]. (n,y). 10/3/1, <6.6/6.3>, 45.43,36.5,40

44.6 4.59(181) 0.30(22)

[9]. (n,y). 10/2, <6.7/>. 22, 20.2. 17, 20

18.7 4.31(171)

S m [18]. (n,y), 12/16. <6.6/>. 5.7.5.9,4.7,6.8

5.7 4.5(9)

S m [9], (n.y). 3/31. <6.3/>, 2.2,2.65, 1.9.2.45

2.3 4.46(110)

S m [19], (n.y). 7/13. <6.5/>, 2.2, 2.65, 1.9. 2.45

2.2 7.83(157)

G d [20], (n,y), 15/8, <5.9/>. 14.5, 14.1, 14.5. -

14.5 8.3(17)

G d [19]. (n,y), NA/5, <6.0/>, 37.8.37.6,38.0.-

37.8 10.0(18)

G d [21], (n,y). 12/8/9, <5.3/5.1>, 85.0, 91.9, 85.0, -

85.0 9.0(3) 1.5(3)

Er [15], (n,y), 45/6/4. <6.4/6.4>, 4.0,4.44,4.6.4.6

3.8 16.7(152) 4.9(5)

146Nd

148

150

150

155

157

159

168



- 181 -

169
El* [9]. (n,y). 7/26/9. <4.9/5.2>, 94.94.1, 100,98.5

94 6.39(147) 1.57(95)

D y [24], (n,y)th. 0/9/7. <5.7/5.3>, 64,61, 64.6, 82

55 8.3(4.4) 2.9(1.3)

T m [9], (n,y), 9/16, <5.9/>, 7.3. 10.3. 7.3, 16.5

7.3 4.72(101)

L u [9], (n.y). 11/8/2. <5.8/5.8>, 3.45, 6.05, 3.6, -

3.47 7.41(251) 3.19(139)

L U [19], (n.y). 6/15. <5.9/>, 1.7,2.75, 1.7.2.3

1.7 8.46(410)

Yb [19], (n,y), 22/5/5, <6.3/>, 7.8,7.37,7.8.9.5

7.8 20.0(33)

H f [9], (n,y), 37/18/3. <6.5/6.2>, 2.4.2.3, 2.4,2.9

2.5 17.77(335) 3.65(152)

Abs. cal. uncert. 0.5 8.89(168)

T a [9], (n,y), 19/66/1, <5.2/4.3>, 4.17,4.4,4.4,4.0

4.5 10.47(157) 6.64(356)

' W [9]. (n,y), 7/15/5, <5.2/4.7>, 66,65.5,66,66.8

66 10.25(338) 4.25(183)

163

170.

176

177

174

178

182
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184
W [9]. (n.y). 6/13. <6.3/>, 12. 13.2. 13,24

12 28.14(970)

Do uncertainty

P t [9], (n,y), 22/9, <7.0/>, 18, 15.7, 18. 15.4

16.3 20.31(257)

A U [9]. (n.y). 4/5, <6.4/>, 16.5, 15.6, 16.5, 16.75

16.2 11.00(530)

H g [9], (n,y), 2/3/41. <6.5/5.2>. 105, 155, 105.93.65

83 58.08(445) 22.1(155)

3enh. trans. 0.15 8.71(67)

H g [9], (n,y), 3/9. <7.2/>. 100.62, 100.88.3

88.1 10.91(404)

H g [9], (n,y). 3/3, <7.2/>, 98.90.8.-, 97.8

100.5 8.47(693)

Pb [9]. (y,n), 11/1, <7.1/>. 35700, 29600, 37100. -

36.61(261)

Nonst. effects 0.3 10.98(78)

P b [9]. (y.n). 10/1/1. <7.5/7.6>, 37500. 38200, 36000, -

9.37(800) 0.185(60)

Nonst. Effects

196

198

199

200

202

207

208
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23 3rpi
Th [9], (n.y), 5/3/1, <4.2/4.5>, 16.8, 16.4, 16.8, 16.55

18.2 18.30(766) 8.88(602)

2 " i 5 U [9], (n,y), 4/53/19, <3.90/4.4>, 10.6, 12.5, 10.6, 12.15

12.3 12.14(392) 2.11(78)
_ _ _

" U [9], (n,Y), 7/2/3, <4.6/4.8>, 14.7, 15.8, 15, 16.45

15.4 8.16(352) 0.37(17)
_ _

~ U [9], (n.y). 23/9/5. <4.1/4.2>, 20.9,21.0,21.7,22.3

16.4 12.74(314) 3.22(96)

The following quantities are quoted in the first line of each section:
ZA - final nucleus
[Ref] — the origin of the data by its reference.
Reac. — type of data (e.g. (n,y)).
#res/El/Ml - the number of resonances considered and number of El and Ml

transitions.
<EVEI / EyMi> — mean energies of El and Ml transitions.
Do values in eV, quoted in the order of compilations from BNL (Brookhaven),

CNDC (Beijing), IPPE (Obninsk), and ENEA (Bologna), published in
Refs. [32,29,30,31], respectively.

In the second line, the values from the quoted references are given, together with the
applied value of Do. The errors, indicated in parentheses, are the following, added in
quadrature: statistical, normalization (20%), and Porter-Thomas uncertainty.

In a third line in many of the sections, a comment is given on the quality of data
treatment in the original references (if doubts exist). If a revision has been carried out
(based on strong arguments), the correction factor and the revised f(El) and f(Ml) values
are presented.


