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I. Introduction

Because of the importance of gold as a standard in cross section

measurements, and in order to update the evaluated nuclear data files, a new

evaluation of the neutron cross sections of gold was undertaken. This

evaluation for ENDF/B-IV differs from the previous (ENDF/B-III) evaluation

in the following respects:

(a)

{b)

(c)

{d)

(e)

(£)

the high energy limit of resonance region has been extended

from 995.4 ev to 2 keV.

the parameters of a bound level have been derived so that it is
not necessary to add in a 1/v cross section in the low energy range.
the calculated resonance capture integral, IY’ from the present
resonance parameters and from the capture cross section in the
higher energy region is in better agreement with the recommended
experimental value, 1560 * 40b. Calculations of IY, with the aid
of RESEND using ENDF/B-ITI yielded I_Y = 1600b.

In ENDF/B-III, inelastic excitation of the 77.8 keV level only
was supplied. In the present evaluation, inelastic scattering
data are extended up to an excitation energy of 1242 keV.

The present capture cross section data seem to be in better shape
than previously. For example, in the energy range 20-600 keV

the uncertainty in the capture cross section of Au is possibly

as low as 4%.

For the (n, particle) reactions, very few additional measurements

are available. The new measurements are mainly for the (n,2n) reactions

at an energy of about 14 MeV.



IT. Resolved Resonance Parameters

The recommended resonance parameters in the energy range 4.9 ev - 2 keV,

o)

were adopted with minor changes and

(2

which appeared in BNL-325, 3rd edition,
additions, The recent spin assignments of Lottin and Jain were 1lncorporated,
and the parameters of a bound level were derived in order to fit the ex-—
perimental capture and total cross sections at low neutron energies. The
capture cress section at En = 0.0253ev was constrained to a value of 98.8 b.
Furthermore, a spin assignment of J = 2 for the bound level was assumed. This
spin was deduced by Wasson et a1(3) from interference anal%sis of neutron
capture yrays. Fig. 1 illustrates the caleculated capture cross section in
the energy range 0.0001-100 ev compared with the experimental data. The
calculated curve is based on the Breit-Wigner single level formalism. Doppler
and resolution broadening were not applied. Note that throughout the energy
range depicted in Fig. 1, and particularly for En < 10 ev, good agreement is
achieved with the data of Haddad et al(a).

Table 1 gives a summary of the resonance parameters. In those cases where
spin assignments are not determined experimentally, spin values were selected
randomly in such a manner that the 2J+1 law of level density is obeyed. The

O] L6

resonance parameters of Macklin et al and Hacken et a were not yet
available at the time the evaluation was completed.
The capture resonance integral calculated with the aid of INTER code
using the resolved resonance parameters of Table 1 is 1559 b. The low energy
cut-off was taken as 0.5 ev. The contribution from the higher energy region,
from 2 kev to 20 MeV, is 6 b. This results in a total capture integral of
1565 b which is in excellent agreement with the recommended value(l) of 1560 = 40 b.
The unresolved region extends from 2-~10 keV. Spin independent S-wave and

p~wave strength functionms, So and Sl’ respectively are used. These are as

follows:

-2 -
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In addition, in this energy region, average level spacings for s and p

0.4x107%

wave levels are described by:

Do
2J+1

where Do = 129.6 ev.

A constant average radiative width, I'y = 0.125 ev, for s- and p— wave resomnances

is assumed in the calculationms.

ITI. Swmooth Neutron Cross Sections
(1) Total Cross Section
As pointed out previously, the resolved resonance region extends up to
about 2 keV and the unresolved region from 2 to 10 keV, From 10 keV to 20 MeV,
the evaluated total cross section curve was obtained by making a spline fit

to the various sets of available experimental data. Thus, from 10 kev to
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Figure 1. Capture Cross Section of 197Au in energy range
from thermal to 100 eV.
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N Bilpuch(s), Whalen(g),

(1)

1.0 MeV (Figs. 2 and 3) the low energy data of Seth(7)

Day(lo), and Walt and Becker(ll) were used. The measurements of Snowdon

were not included since they were considered tooc high. From 1.0 MeV to 16.0 MeV,

. 3
the smooth cross section curve was determined by the data of Foster(l ),

Walt and Becker(ll), Walt(lh), Nereson(ls) Coon(lﬁ), and Conner.<17) It
was further extended to 20.0 MeV to pass evenly through the data points of

Peterson(ls-lg) between 17.3 and 28.8 MeV. The spline fits in the energy
ranges 1-5 MeV and 5-20 MeV along with the experimental data are shown in

Figs. 4 and 5, respectively.

(2) Elastic Cross Section
Because of the paucity of elastic scattering measurements, this cross
section was derived by subtracting the non-elastic cross section from the total
cross section. The non-elastic cross section is derived from the experimental
data of Ref. 20-27 and is shown in Fig. 6. The sum of the various reactions
(n,v), (n,n"), (n,2n), (n,3n), (n,p), (n,a), etec. is made equal to the non-

elastic cross section.

(3) Capture Cross Section

The capture cross section below 2 keV is represented by the resonance
parameters. In the energy region, 2-10 keV, the capture cross section was
calculated by using the average resonance parameters specified previously and
the code AVRAGE—A(ZS) which follows the method of Lane and Lynn(zg) and applies
width fluctuation corrections as discussed in their paper. (Fig. 7) (The
curve between 10 kev and 20 kev is the same as that of Fig. 10.)

For neutron energies greater than 25 keV, a reassessment of the gold
capture cross section is required because of the availability of new measure-

2
ments and because of a reevaluation of the 35U cross section for ENDF/B-IV.

Fig. 8 shows the new 235U fission cross section between 25 and 100 keV. It

can be immediately seen that there is considerable structure in this cross
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Figure 6. Non-Elastic Cross Section 0-20 MeV.
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Figure 7. Capture Cross Section 1-20 keV.
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section, with fluctuations of as much as 10% or more within a kilovolt or so.
Thus, its use as a standard is quite compromised unless the neutron energy

and neutron energy spread are well known and accounted for. 1In Fig. 9 this
cross section is "smeared out" by averaging points in groups of ten (effective
"resolution" n5 keV) and compared to a similar cuyrve for the 235U fission

cross section in ENDF/B-III. This plot indicates an average change in the

absolute value of the cross section of 5-15%.

T T 1 T LY T L T
235 (n,f) ENDF/B- I¥
2.0b o 25-100 keV i
? 1l H. ALTER, PRIVATE
COMMUNICATION,
2.0 APRIL, 1973 i
a
b 1.8} B
1.6 .
laal 1 L ] 1 1 1 L 1
30 40 50 60 70 80 20 100
Ep (keV)
. 235 . . .
Figure 8. U fission Cross Section 25-100 keV.
T T 1 ¥ T i T T
235y (n,f} ENDF/B IX
2.4 25-100 kev
H.ALTER, PRIVATE
COMMUNICATION,
2.2 APRIL, 1973
AVERAGED GROUPS OF TEN
-~ 20
= F/8-10
g END

|8
| EnoF/B-TL
s
Y
jgl L 1 ] 1 L | )
30 40 50 80 70 80 90 100

E, (keV)

Figure 9. Averaged 235U fission Cross Section
25-100 keV.
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Since it would seem that a fluctuating cross section subject to sub-

stantial renormalizations, does not make a very reliable standard, it was de-

cided to perform the gold capture re-evaluation with data not involving 235U

fission standardization. This follows the procedure adopted by Carlson(31>

and by ?oenitz(Bz) in evaluations presented at the 1970 EANDC Normalization
and Standards Conference held at Argonne National Laboratory and follows the
most recent recommendations of the Normalization and Standards Subcommittee
of CSEWG (July 1973). Due to an abundance of excellent recent experiments,

it was also arbitrarily decided that only data measured since 1960 would

be considered.

The capture cross between 10-100 keV is shown in Fig. 10. The following

(33 (38)

data sets were plotted: (1) Czirr et al LeRigoleur et al

F—Qﬁ—ﬂ—]—;ﬂ_—\lﬁi’
° |97Au(n,7)
1400 - . 10 -100 keV T
Non-22%0 DaTA
ook 4 o FRICKE 70 i
« GZIRR 73
a BERGQVIST 63
v BELANOVA 65
loco - B x POENITZ 68 s
¥ + KOMPE 69 (EVERY THIRD POINT
BELOW 50 keV)
B v Le RIGOLEUR 73 (EVERY THIRD
800 3 POINT) ﬂ
a
E
©
600 |- i
400 |- .
200 L 1
L L H 1 1
) 20 40 ) 80 100
EnfkeV)

Figure 10. Capture Cross Section 10-~100 keV.
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- 1T 71 17 1 1 T T
®7au tn,y)
00 keV - Mey
NON-235( DATA

o FRICKE 70

x POENITZ 68

s BARRY 64

& BERGQVIST 63

+ KOMPE 69 (EVERY OTHER POINT)

400 } s ° Le RIGOLEUR 73 (EVERY 10 keV, I00-160keV,
EVERY THIRD POINT, > 190 keV)

| ! 1 — ] ) 3 L 1 ]
0 100 200 300 400 500 600 700 800 SO0 (GOQ
En(kevi

Figure 11. Capture Cross Section 100 keV-1MeV.

(3) Fricke et 31(35) 4) Kompe(36) (5) Poenitz et 31(37) (6) Belanova et a1(38)

(7) and Bergvist.(ag) The data of Spitz et 31(40) Moxon et a1(41) and

Bilpuch et al(bz) were not used.

The capture cross section between 100-1000 keV is ghown in Fig. 11.

Data sets of Refs. 34~38 were plotted, plus the data sets of Barry.(43>

Inspection of Figs. 10 and 11 show that the various data sets are in

quite good agreement with each other within the quoted errors. There is a

general tendency for the data of Frick et,al(35) (Fig. 10) and Barry(43)

(39)

(Fig. 11) to be higher than others and for the data of Bergvist to be

lower; but all are never more than about two standard deviations from the

mean. The one point of Belanova et a1(38> is about three standard deviations

low. The evaluated eye-guide in Figs. 10 and 11 was drawn with no explicit
weight factors for the various experiments.
For the region above 1 MeV, there is only one significant new contribution,

(44)

that of Lindner. These data should be considered preliminary until pub-

lished and were measured relative to 235U, but the lack of measured fluctuations

235 . . . .
in the 3 U fission cross section at these high energies made it worthwhile to

- 13 -



see what the new data indicated for gold capture. Fig. 12 shows two in-
(44)

dependently normalized data sets from Lindner between 0.5 and 3 MeV.
The curve between 0,5 and 1 MeV is that of Fig. 11 and above 1 MeV is that of
ENDF/B-III. The data up to 2.2 MeV are in excellent agreement with the old
evaluation. The two higher energy points are low by about 15% and 20%
respectively. It was felt that it was not worthwhile to give these points
sufficient weight to seriously distort the ENDF/B-III curve, which represents
the best curve through all previous measurements. An added inducement for not
trying a serious reassessment of all of the data above 1 MeV was the im-
plications of the effect noted by Devaney.(as) Devaney points to the importance
of a multiple reactions correction for reaction cross section measurements above
approximately 100 keV. The correction is particularly important for radiative
capture, even with fairly thin samples. The relevance of this effect to
specific gold capture experiments is unknown, but should be determined before
the higher energy gold capture data are reevaluated again.

In conclusion, the evaluated curve of ENDF/B-III between 1 and 20 MeV,
which included the evaluation of Vaughn and Grench(46) (1.0 - 5.2 MeV) and
that of Bogart(47) above 5.2 MeV, are adopted for ENDF/B-IV.

It is of interest to calculate the fission spectrum averages of the

capture and other reaction cross sections and compare them with experimental

T T T
P70 {n,y) |
0.5-3.0 MeV

o x NAGLE, LINDNER 1973

0.5 1.0 1. 2.5 3.0

5 2.0
Eq (MeV)

Figure 12. Capture Cross Section 0.5-3.0 MeV.
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. 252 .
measurements. For this purpose, a Maxwellian 3 Cf fission spectrum of

characteristic temperature 1.39 MeV and represented by

M

$(E) =CYE e

was used. (C is a normalizing constant.) The calculated fission spectrum
average of the ENDF/B-IV (n,Yy) reaction of gold is 81.8 mb. This number is

to be compared with an experimental value of 95.5 * 2.3 mb measured by Pauw

(48)

and Atin. Since the capture cross section in the whole energy range

0.100~1.5 MeV is believed to be known to better than 18%, the source of this
discrepancy could be due to either the measurement and/or the inadequacy of

representing the fission spectrum by a Maxwellian form at low energies. The

235 (49) shed some light on

the former explanation. Fabry obtains a value of 88.0 * 4.5 mb for 197Au(n,y)

U fission spectrum average measurements of Fabry

lgSAu reaction. With a characteristic temperature T = 1.29 MeV for ZSSU, we
obtain a fission spectrum average of 86.4 mb which is within the stated error
of Fabry.(Ag)

After the completion of the evaluation of the capture cross section of
Au, it was found that two points had been inadvertently omitted from con-
sideration. Both were measured with the same technique at the National

(50

Physical Laboratory in England. At 25 keV, Ryves et al measured a value

of 640 * 25 mb., This is in excellent agreement with the value of 648 mb read
from Fig. 10. At 966 keV, Robertson et al(Sl) measured a value of 96.2 + 2.0 mb.
This value i1s approximately 12% higher than the value at this energy from

Fig. 11. No changes were made as a result of this discrepancy for the reasons

(45)

noted above regarding the Devaney multiple reaction correction effect. In

addition the following data sets become available at the time of the writing
of the report:
(52)

(1) Poentiz data in the energy range 400 ~ 3500 keV. This is an absolute

measurement carried out by a large liquid scintillator for the detection

_15_



of prompt capture gamma rays. The Grey Neutron Detector, the Black

Neutron Detector and a 6Li-—glass detector were employed to measure

and monitor the neutron flux.

(2) Macklin et 31(5) data in the energy range from 3 to 550 keV. 1In this
measurement a scintillation detector and a 6Li neutron monitor were
used. The efficiency of the detector was normalized te the 4.9 eV
gold resonance by the saturation method. The 6Li neutron cross sec—
tion of Uttley, slightly modified, was adopted.

(3) Rimawi and Chrien(53), using the iron filtered beam, measured the neu-

tron capture cross section of Gold at 24.5 keV by the activation method,

Assuming a 1OB(n,a‘y)7Li cross section of 3.487 b and a total reaction

cross section of 5.9175 b for 10B, a total capture cross section for

loB of 0.630 = 0.006 b is obtained. The error indicated is only statist-
ical and does not include the uncertainly in the normalization. These
new measurements were plotted and compared with the ENDF/B~IV capture
cross section in the pertinent energy regions. Good agreement is noted
between the new measurements and the evaluated ENDF/B IV capture cross
section.

Finally, it may be noted that preliminary results of the capture cross
section of gold between 100 keV and 500 keV were reported by Forte(sa) in a
progress report. A AmBy detector was used to detect the induced activities.
The data is not yet available. Fort made, however, a comparison between his
data and those of Rigoleur and stated that there is reasonable agreement be-
tween the two measurements. These new data sets will be considered in the
evaluation of the Au(n,Yy) cross-~section for ENDF/B-V.

4. Inelastic Scattering Cross Section

The inelastic scattering cross section data of DeVilliers et a1(55) and

Barnard et a1(56) were considered. The latter authors reported data in a

neutron energy region closer to threshold than was previously measured. The

- 16 -



experimental data extended only to an energy of 1.6 MeV. The techniques,
normalizations and corrections applied by both of these groups are similar.
Corrections for neutrons scattered inelastically after an initial elastic
scattering event in the Au sample were applied by using the Monte Carlo
method. Detector efficiency was determined by normalizing to the carbon
cross sections as given by Langsdorf et al.(57) The scattered neutron energy
resolution of both experiments was about 20 keV, Because of this limita-
tion, many observed inelastic peaks were mot resolved, such as the 268 and
279 keV level. Angular distributions of inelastic neutrons were measured

for the 77 keV and the combined (268 + 279) keV levels. These were found to
be isotropic within the statistical and experimental errors, which were of
the order of 10%. The data of Barmard et a1(56) and DeVilliers et a1(55) are
in reasonable agreement with each other within the stated errors.

In addition, Nelson et 31(58) measured the gamma ray differential pro-
duction cross sections below 1308 keV excitation energies using a Geli de~
tector. These authors reported accurate energies for the observed y rays

from which they constructed an energy level diagram for l97Au. This was

useful in assessing the pertinent data on the level diagram of 197Au.

In the neutron energy region where experimental information is not
available, i.e., near threshold and above En = 1.6 MeV, the evaluation is
based on a properly normalized statistical model calculations following the
formalism of Hauser and Feshbach. In order to carry out these calculations.

R 1
a knowledge of the spins and parities of the 97Au levels are required. The

model calculations were carried out with the aid of the code COMNUC 1,(59)
using basically the level diagram scheme of 197Au as reported by the Nuclear
Data Group(60) and Barnard et 31(61) (Fig. 13). 1Inelastic scattering cross
section to the continuum of levels and specified by a low energy cut off of
1.25 MeV is obtained by using COMNUC 1. The derived values are normalized
to the difference between non-elastic and the sum of discrete inelastic and

(n, particle) reaction crogs sections.

- 17 -



Figs. 14 - 22 summarize the experimental inelastic scattering cross
section data and presents the evaluated curves in the energy range from thresh-
0old to 3.0 MeV. 1In the evaluated files, the inelastic cross sections exciting
the individual levels are given. However, for the purpose of comparison with
the experimental data where levels are not resolved, the sum of the pertinent
inelastic cross sections’ is presented here, for example the 268 and 279 keV
levels.

5. (n, particle) Cross Sections

No significant data have been published recently., The second supple-
ment(l) to the second edition of BNL-325 provides an adequate summary. Most
new measurements of the (n, particle) reactions are concerned with the emis-
sion spectra and explanation in terms of the pre-equilibrium model. Only

the (n, 2n), (n, 30), (n,p), and (n, o) reactions are described. Other

12t 242
3/2% 1218
s/2% 1151
372% L2t
s/2+ 1045
12t 889
gs2t 856
s/2* 737
T/2% 548
aset 503
Hs2 409
5s2% 279
372* 269
et 77.4
aret o
7
" "9 7au E, (keV)
197

Figure 13. Energy Levels of Au.



particle reactions such as (n, t} reactions are energetically possible but

62
experimental data are scant. @ values are based cn the Wapstra and Gove( )

1971 tables.
(a) (n, 2n) Cross Section
The Q value is -8.078 MeV. Data are provided for the formation of the

196Au 6.2 day ground state and the 10 hour metastable (the sixth level)

. . 1
state. The partial cross sections must be summed to yield the total 97Au

(n, 2n) 196Au cross section. Below 12 MeV the data of Tewes et a1(63) are

recommended. From 12 to 20 MeV, the recommended values are based on the

data of Prestwood and Bayhurst(SA) Dilge(65) (66)

(68) (69)

, Hankla et al(67),
(70)

,» Qaim

Nethaway , and Mather. Recent measurements of Liskien have not
been released in published form. Fig. 23 describes the experimental data
and presents the evaluated ENDF/B IV {n, 2n) cross section and compares it
with previous evaluation. The evaluation proceeded along the following lines:

Cross section values were chosen for production of the isomeric state
which was about 0.1 of the ground state preduction cross section. This is
specified in the files. (MAT 26.) A peak total (n, 2n) cross section of
2.15 barns was derived based on a mnonelastic cross section of 2.45 % .03
barns (Fig. 6) and charged particle emission cross sections of a few tens
of millibarns.

The calculated {n, 2n) cross section (T = 1.39 MeV) averaged over a
252Cf fission spectrum is 5.11 mb. This is in good agreement with an ex-
perimental value(as) if 4.93 + 0,14 mb. The overall data uncertainty is es-
timated to be 20%.

(b) (n, 3n) Cross Section

(67)

Only one measurement, at 14.4 £ 0.4 MeV, is reported in the litera-

ture for the (n, 3n) reaction of 197Au (¢ = 61 £ 20 mb). The threshold is
taken at 14.747 MeV and the (n, 3n) cross section curve is determined es-

sentially by subtraction of the nonelastic and the (n, 2n) cross sections

-~ 19 -
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Figure 22. Inelastic Cross Section exciting
the combined levels at 1218 and 1242 keV.
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from the total cross section. Fig. 23 shows the evaluated (n, 3n) cross sec-
tion and compares it with previous evaluation.

(¢} (n,p) Cross Section
The Q value is ~0.036 MeV. The recommended values follow the data of
(71)

Bayhurst and Prestwood through the entire energy range. Fig. 24 presents

the (n, p) cross section; also included in the Fig. is the datum point of

(72) 71

Coleman et al which is in line with the data of Bayhurst and Prestwood.

These data are ignored and an overall uncertainty of 25% is estimated for
the evaluation. The calculated 252Cf fission spectrum averaged cross sec—
tion is 2.37 ub. No experimental data is available to compare this calcula-
tion.
(d) (n, a) Cross Section

The Q value is —6.964 MeV. The data of Bayhurst and PrEStWOOd(71) de-
termine the evaluated cross section which is shown in Fig. 25, Note that
at En = 14.5 MeV Bayhurst and Prestwood and Coleman et al determined by
the activation method an (n, o) cross section of 0.37 * 0.02 mb, and
0.43 * 0.04 mb respectively. An overall uncertainty of 20% is assigned to
the evaluation. It is of interest to point out that Marcazzan et 31(73) de~
termined a differential (n, o) cross section at 30° of 0.70 # .03 mb/steradisn
and reported a forward peaking in the a particle emission. Specifically,
the ratio of the number of o particles emitted in the forward and backward
directions was found to be approximately 5. Comparison of the energy
spectra of o particles measured by Marcazzan et al(73) at 30° with those

(74) at 00 seem to confirm this forward peaking in the o particle

of Kitazawa
emission, hence indicating direct reaction contribution. Further experi-
mental and theoretical studies are required to fully understand this reac-
tion mechanism. It seems that the statistical model description of the
(n, o) reaction is not in complete accord with these findings.

The calculated 252Cf fission spectrum averaged cross section is 0.76 ub.
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IV. Angular Distribution of Secondary Neutrons
The elastic scattering angular distribution in the energy range up to

8.05 MeV are based on the following experimental data:

(a) Holmgvist and Wiedling(75)
(b} Buccino et al(76)
(c) Kuchnir et a1(77)
{d) Allen et 31(27)
(e) Walt and Beyster(78)
(f) Walt and Barsha11(79)
(55)

(g) DeVilliers et al

With the aid of the optical model parameters derived by Holmqvist and
Wiedling(75), optical model calculations were carried out by using ABACUS—Z.(SO)
The calculations were compared with measurements at the following neutron en-
ergies; 0.5, 1.0, 2.0, 2.5, 5.0, and 8.05 MeV. The agreement between cal-
culations and measurements is reasonably good, enough to warrant extrapolat-
ing the calculations above 8.1 MeV where experimental data are not avail-
able. In addition, the graphic display code TIGER (ref. 81) was utilized to
fit the experimental data with a least-squares spline procedure, check Wick's
limit, and then extract Legendre coefficients of various orders for the
angular distribution of scattered neutrons. Figs. 26 - 29 present the re-
sults of the least-squares for neutron energies 0.5, 1.0, 2.0, and 5.0 MeV
and compare them with the experimental data.

There are no complete systematic investigation of the angular distribu-

tion of reactions in 197Au. The forward peaking in the (n, a) emission of

197Au was pointed out previously. Measurements on other heavy nucleil at
14 MeV indicate non-isotropic distributions but not appreciably symmetric

about 90°. This reflects the fact that direct reaction contribution plays

an Iimportant role.
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In this evaluation, the angular distribution for the (m, particle) re-—

actions have been specified as isotropic.

V. Energy Distribution of Secondary Neutrons
The energy spectra of the emitted particles are considered to consist
of two parts: an evaporation spectrum peaking at a characteristic tempera-
ture, T, and a high energy component resulting from direct or pre—equilibrium
processes. The spectral data presented in this evaluation whether presented
in parametric or tabulated form were derived on the basis of the forgoing

models.

The nuclear temperatures for the evaporation process were obtained from

(84)

inelastic scattering data of Anufrienko taken over a large range of in-

cident and emerging energies. For a given incident energy, data for high
energy emergent particle (single particle emission) are extrapolated to lower
energies and subtracted from the total data to determine evaporation spectra

and nuclear temperatures.

For A > 100, T is generally constant except near magic number nuclei.

(84)

Nuclear temperatures for tungsten weve adopted here.

(85)

The pre—equilibrium model , with some approximations, was used to

represent the high energy spectra. The fraction of pre-equilibrium contri-

bution to the total emission spectra is approximately linear with energy in

(6) (87

This assumption roughly holds for other cases. There

1/3

is a slow variation with mass, about A™'~, for the pre-equilibrium cross sec-

the case of Nb.

tion to be compared with an A dependence of the evaporation cross section.
For Au, the fraction of pre-equilibrium emission to the total is about
(87)

0.28 at an excitation energy of 28 MeV. In this evaluation, the spectra

were calculated according to the following prescription.
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n n-2

E
~ = E -E
N(E) = P(E) (1~f) Ee T + fE Z E&JFE) n(n-1)
no n
An=2

T = nuclear temperature

E=/2"a§

a = nuclear level density
En = incident energy

B = binding energy (in lab)

£ fraction pre-equilibrium

P(E) = coulomb barrier penetrability

The use of P(E) is an approximation to the usual statistical formula
that would ordinarily include the inverse cross section for capture of the
emerging particle. For simplicity, the same T and f energy dependence was
assumed for all reactions with final spectra greatly influenced by the

coulomb barrier and Q values.

VI. Summary and Conclusion

The total, capture, and scattering cross sections of gold below 2 keV
are represented by single-level Breit-Wigner parameters. Because of the
presence of strong resonances, which resulted in strong interference effects,
the scattering and total cross sections became negative at a few energy
points. To remedy this unacceptable behavior, a background cross section
was included in the file. Therefore, it is recommended that in future
evaluations, a multilevel formalism be utilized. Since the parameters
of a bound level were derived, the need to add a 1/V term to describe the
cross section at low energies was eliminated. The absorption resonance inte-

gral calculated from the resonance parameters and from the unresolved and
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high energy region is in excellent agreement with the recommended value
which is based on the experimental data.

The capture cross section at 2200 m/sec (UY = 98.8 * 0,3b) is one of
the best known capture cross sections and as a result provides an excellent
standard for other capture cross section measurements. Recent determina-~

(88) provides further confirmation of this fact. Aa ab-

tion by Dilge et al
sorption cross section of 98.68 + 0.12b was obtained by Dilge et a
a precision total cross section measurement in the 40 peV ~ 5 meV energy
range. Because of the presence of structure in the capture cross section of
gold in the unresolved energy range, care must be exercized in the use of gold

(5)

as a standard, as pointed out by Macklin et al, At higher energies and
below about 300 keV, the capture cross section is presently known to an ac-
curacy of better than 5%.

The total cross section above 2 keV is represented by a spline fit to
the experimental data. In the energy range above 100 keV and neglecting the
Snowdon data(lz), there is a spread of 107 -~ 15% in the experimental data.
Because of the simplicity of total cross section measurements and in order
to understand other cross sections to better accuracy, such as scattering

cross sections, a precision measurement of the total cross section of gold

is desirable.

The inelastic cross sections exciting discrete levels of 197Au up to

energies of 1242 keV are described. Experimental data are available only
for a limited neutron energy region; ie.; below 1.6 MeV. At higher energies
and very close to thresholds, the inelastic cross sections are represented
by normalized Hauser~Feshbach calculations via COMNUC-1.

The (n, particle) reaction cross sections, (m, 2n), (n,p), (n,a) are
evaluated with emphasis placed on the experimental data. It will be useful
to include other particle reactions such as (n, t), (n, np) in future eval-~

uations. Because of the presence of forward pesking in studies such as
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(n, @) reactions,. it is essential to abandon the use of isotropic angular
distributions and replace them by the proper form. If experimental data is
either scarce or not available on the pertinent nucleus, studies of neighbor-
ing nuclei may shed light on this aspect. Further experimental and theoreti-

cal studies of the systematics of this effect are required.
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