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The evaluation of nucloar data for *Pu and "Pu was made in the neutron energy
region from 107" eV 1o 20 MeV. For the both nuclides, the lota), elastic and inelastle
scattering, flssion, eapture, (n, 2n) and (h, 3n) reaction eross sections were evaluated
on the basis of theoretical calculation. The resonance parameters were given
for ™Pu. The angular and energy distributions of secondary neutrons were also
estimated for the both nuclides. The results were compiled in the ENDF~ 5 format
and will be adopted in JENDL Actinoid File,
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L. Introduction

Nuclear data of minor actinolds are important for the fuel cycle study, In Jupun,
OMEGA project is being ptomoted (o study a way of management of high level waste from
nuclear encrgy plants. 1t is needed to precigely estimate the amount of minor actinoids in the
reactors, A ‘TRU bumer reactor) s one of optlons for trunsmutation of minor actinoids to
otfier nuclides with shiorter half-tifc or stable nuctides. This reactar will have a harder
neutron spectrum, und large amount of minor actinolds will be loaded in the reactor.
Therefore accurate nuclear data are required even for minor actinoids,  To meet the
requirement for the minor actinoid nuclear data, "*JENDL Actinoid File"? is under preparation
at the Nuclear Data Center in Japun Atomic Encrgy Research Institute, In this file, evaluated
neutron induced reaction data will be provided for about 90 nuclides including main nuclides
(®¥1h, 22U, P30, 2*U, PPy, Py and “'Pu) and minor actinoids with a half-life longer than
L0 day. In the present work, the nuclear data cvaluation was made for **Pu and P'Pu in
order to store the data in the JENDL Actinold File.

The nuclide *#Pu disintegrates with the half={ife of 8,26x107 years and #Pu with the
half-lifc of 5.17 days., ‘The nuclide #*Pu decays with o cmission of 99.875 % and
spontancous fission of 0.125 %. In the case of #"Pu, the ¢ decay is only 0.0033 % and the
rest is the electron capture,  Evaluated data for the both nuclides are available in ENDF/B-
VI and JEF-2.* However the same data are stored in the both files because they adopted
the data from the evaluation made by Mann et al.¥ for ENDF/B-V. Experimental data exist
only for the fission cross section and resonance parameters of #*Pu as is described in Chapter
2. The present evaluation of nuclear data of *Pu 8 described in Chapter 2, and that of #pu
in Chapter 3. The results of the present work have been compiled in the ENDF format, and
will be adopted in the JENDL Actinoid File.
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2, Evalustion of *pu Data
2.1 Resonance parameters

Auchampaugh et 1l.9 mensured the fisslon cross section by using o nuelenr explosion
(Physics 8) as u neutron source, und obtuined information on the resolved resonance
parameters below 285 ¢V, ‘They used the TOF method with a flight path of 245.45 m and
i P oxide samiple witl 99.06 % Py, and deduced the capture areas for the 13 tevels.

Thelr results were adopted fn the recommendation made by Mughabghub”™, In the
present work, the recommendation of Mughabghab was used by assuming an average capture
width of 20 meV, The fission width was determined s0 a8 to reproduce the Integrated fission
cross scetions around cach resonance peak measured by Auchampaugh et al, The numerical
data were tuken from EXFORY  Thus obtained fission widths are almost 1/1000 of the
capture widths, but for some resonances the ratio iy quite different from 171000, The results
are listed in Table 2,1, All the levels were assumed to belong to s-wave resonances, The
effective scattering radius of 9.33 fm was obtained from the shape clastic scattering cross
section caleuluted with the optical model,  The Breit-Wigner multi-fevel formula was
applicd.  The fission cross section calculated from the resonance parumeters are compared
with the experimentul data of Auchampaugh ct al, in Fig, 2.1,

Thermal cross sections and resonance integrals are listed in Table 2.2, In the
caleulation of resonance integral, integration wus made between 0.5 ¢V and 20 MeV
considering cross seetions above the resonance region,  The thermal capture cross section
obtained from the resonance parameters s in good agreement with the experimental data.
However the caleulated resonance integral of capture cross seetion Is larger than the
experiments.  ENDF/B-VI gives oo large capture resonance integral.  For the fission cross

scetion, no experimental data are existing at the thermal energy and for the resonanee integral.

2.2 Cross scctions above Resonance Region
2.2.1 Theorcetical calculation
In the cnergy region above 290 ¢V, experimental data exist only for the fission cross
section.  Therefore, the fission cross section was determined mainly on the busis of the
experimental data and the other cross sections were taken from theorctical caleulations with
ECIS”, STAPRE' and CASTHY'" t0 obtain a complete sct of the cross sections up to 20
McV,
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The code ECIS was used for the caleulation of the total crosy section, the shape elustie
seattering crogs section, angular distributions of elastically seaticred netitrons and of the direct
component of the inclastic scattering ¢ross section, The deformed optical potentinl parametery
used in the present work have the followlng valucs:

Vi = 4603 - 0.3E, 0= E 520 MeV
W)l = 3.05 + 04E, 0 <E <10 McV

705 - 0.082(E~10), 10 < B < 20 MeV
Wl = 8.0x{1+exp[=(E=50)10]}"!, 0 < E <20 MeV
Vio = 6.2

g2 126, = 0.63

=126, g,y =052

Igy = 112, g, = 0.47

i3, = 0204, 3, = 0.051
These parameters were determined by Konshin considering Refs. 12 and 13, The introduction
of the volume absorption term scems to lead to a better agreement with actinide experimental
data for the total cross section in the energy region around 20 MeV and for the angular
distributions of the inclastically scattered ncutrons on low lying levels.

The ECIS caleulation was made in the cnergy range from 10 keV to 20 McV,

The STAPRE code was used for calculutions of the fission cross section, (n,2n) and
(n,3n) reaction cross scctions and the total inclastic scattering cross section.  The ncutron
transmission cocfficients for these calculations were obtained using the ECIS code. The level
densities were caleulated with a phenomenological modet proposed by fgnatyuk ct al.'? taking
into account shell, supetfluid and collective cffcets.  The hard component of ncutron
scattering spectra was parameterized using the experimental data for 23U in the 6 ~ 14.7
MeV region and the matrix element for the pre-cquilibrium reaction stage description M? =
HVA? McV2,

The most critical values for a good description of experimental data on the fission
cross scction within the framework of the model used in STAPRE ate reliable ncutron
transmission cocfficients, a tested pre-cquilibrium neutron emission contribution and fission

barrier parameters. The fission baricr parameters E and E/® used were the following:

-3 -
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nuctide EAMeV)  EPMev)

Aspy 5.75 5.40)
Hpy 5.50 5.20
“ipy 6.00 5.70)
H2py 5.6 5,35

The diseussions on the fission barrier parameters are given efsewhere, ')

CASTHY. Calculation
The ECIS code dose not consider the compound process, and the STAPRE code docs
not calculate inelastic level excitation cross sections. Therefore, the ¢ross seetions due 1o the
compound process were calculated by using a statistical model code CASTHY. The optical
potential parameters used are the following ones,!?
Vi = 45036 - 0.3 E (MeV), g = 1,250,  ay = 0.626 (fm)
W, = 4,115 + (14 E (MeV), fy = 1260, g, = 0.555+0.0045E (fm)
Vip = 7.5 (MeV), fqg = 1256, ugyy = 0.626 (fm)
The level density parameters for Gilbert-Cameron's formuls were determined from average
level spacing of measured resonances” and staircase plots of low-lying excited levels tuken
from ENSDF. Paring cnergics were assumed as follows':
d=  2x12//A for even-cven nuclides,
12//A for odd nuclides,
0.0 for odd-odd nuclides.
Other parameters of level density were determined so as to reproduce the staircase plot of
excited levels. Obtained results are given in Table 2.3. The level scheme of #Pu listed in
Table 2.4 was adopted from ENSDF (Evaluated Nuclear Structure Data File).
In the CASTHY calculation, the fission, (n,2n) and (n,3n) reaction cross sections were

considered as competing processes.

2.2.2 Compilation of cross scction data
These results of the theoretical calculations were compiled as follows in the ENDF-5

format.

1) Total Cross Scction
Above 10 keV, the ECIS calculation was adopted. Below 10 keV, it was obtained as

- -
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# sum of the fission, capture and clastic scattering crosy sections,

2) Elastic Scattening Cross Section

Above 4,5 McV, the ECIS calculation was adopted,  Between 10 keV and 4.5 McV,
the cross scction was obtained by subtracting a sum of partial cross sections from the tatal
crosy seetion, 1n the low encrgy region, the present ECIS cofcufation gives too smalf clastic
scattering cross scetions since the compound clastic process is not included in the caleulation.
Below 10 keV, the cross section was assumed to be o constant value of 13,36 b which was
the value obtained at 10 keV by subtraction of partial cross sections from the total cross

section.

3) Inclastic Scattering Cross Sections

The cross sections due to the compound process were caleuluted with CASTHY. The
contributions from the direct process were caleulated with ECIS and added to the CASTHY
results. ‘The continuum inclastic scattering cross section caleulated with CASTHY was too
large in the encrgy region above 4.5 MeV because the optical model parumeters used in the
CASTHY calculation were not perfectly consistent with those for the ECIS caleulation. The
continuum inclastic scattering cross scction in this energy range was replaced with the valucs
obtained by subtracting a sum of the clastic and direct inclastic scattering cross section,
fission, (n,2n), (n,3n) and capture cross scetions from the totul cross section caleulated with
ECIS.

The consistency of cross sections were kept by adopting adjusted values for the clastic
scattering cross section in the energy range below 4.5 McV, and by the continuum inclastic

scattering cross section above 4.5 McV.

4) (n,2n) and (n,3n) Reaction Cross Sections

They were calculated with STAPRE. The (n,4n) reaction cross scction was ignored
because its threshold encrgy of 17.44 McV is high and the cross scction is not important for
the fucl cycle study.

S) Fission Cross Scction

There are six scts of experimental data.
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Auchumpaugh ¢t 4.9

‘Ihiey measured the flsson cross section relative to the SLi(n,t) and 23U tission
cross scctions in the ncutron encrgy region from 20 ¢V to 10 MeV by using i idclear
explosion as a neutron source, Their analysis of resonance parameters were adopted
in the present work,

Fomushkin.et.nl'®

The fission cross section way measured with EhG=5 clectrostatic accelerator
in the cnergy range from 500 keV to 2.5 MeV., The measurementy were made
relatively to the 25U fission cross section,

Gokhberg et al,™

The measurement was performed in the crergy range from (.28 to 1.8 McV
with an clectrostatic aceclerntor, To obtain the 24Py fission cross section, the 2%pu
fission crosy section of 1,77 bams at 1,03 MeV was used,

Betitens ctul ™

The fission cross scction ratio to #3U was measured in the energy range from
0.1 10 30 MeV using 100=-McV linear accelerator at Lawrence Livermore Laboratory
and fonization fission chambers,

Khan et al®"

They measured the fission cross section at 14.8 MeV relatively to the P%Pu
fission cross section, Using the 2?Pu fission cross section of 252 barns, the fission
cross section of 0,91£0.09 barn was obtained. This cross section is in good agreement
with a Z*3/A systematics of 14 McV fission cross scction.

Moote ctal?

The fission cross section was measuted in the cnergy range from 1 keV o 8
McV relative to 25U fission cross scction by using CBNM lincar aceclerator, The
effective resolution was 0.4 ns/m. From the evaluated cross section in ENDF/B-V

and the measurcd data, the *YPu fission cross section was obtained.

These data arc shown in Fig. 2.2, Since Behrens ct al. reported only ratio data, the
fission cross section of **U cvaluated for JENDL=3.2 was used to get the *HPu fission cross
section. The data of Auchampaugh ct al,, Fomushkin ct al., Gokhberg ct al. and Khan et al.
arc smaller than those of Moore ¢t al. and Behrens ct al. Figure 2.2 shows also the valucs

calculated with STAPRE. 1t is seen that STAPRE calculation is in good agreement with the

- -



JAFRI -~ Research  95—U67

experimental data of Moote ¢t al, and Behrens et al, i the energy teglon from 2 to 20 MeV,
Below | MeV, the ealealation might be {oo smiall, The STAPRE caleulation ground 1 MeV
was not made; sinee energles specified by input data ase shifted by STAPRE, und it way
difficult to get cross sections mound 1 MeV,

I the present work, the resully of the STAPRE caleulation was adopted above 8§ MeV,
Below 8 MeV, o smooth eurve was determined by eye—gulding of the expetimental data of
Moate et al. and Auchampavgh ct al. In the crcrgy region above 300 keV. the data of Moore
et af, were gdopted, because they were the most recent expetimental data,  Below 300 keV,
the data of Auchampaugh ct al, were used, Below 10 keV, the dats were smoothed out with
an encrgy resolution of 0.3xE where B iy a neutron cnergy and o factor of 0.3 was determined
to get an adequate structure of smaoothed cross scetion.  The fission ¢ross section in this
crcrgy range was determined from thus obtained smooth curve, Figure 2.3 iy o comparison

of the present evaluation with the expetimental data,

6) Captute Cross Section

This cross section was calculated with CASTHY. The average capture width of 20
meV? and the average level spacing of 17 ¢V? were assumed.  In the MeV region, direct
capture cross section was assumcd 1o be about a few mb (3.0 mb at 4 MeV and 4.0 mb ot 20
McV) and added (o the CASTHY calculation,

2.3 Angular Distributions of Sccondary Neutrons

The angular distributions of clastically scattered neutrons were caleulated with ECIS.
‘Those of inclastically scattered neutrons were obtained by the CASTHY caleulation for the
compound process and by the ECIS calculation for the dircet process.  Both were summed
up t the final results.  For the levels above 957 keV, only the compound process was
cansidercd,

The angular distributions of ncutrons from the fission, (n,2n) and (n,3n) reactions were
assumed to be sotropic in the laboratory system.

24 Encrpy Distributions of Secondary Neutruns

For the (n.2n), (n.3n) and continuum inclastic scaltering, the cnergy distributions of
sccondaty ncuttons wete oblained by STAPRE. The fission spectrum was assumed 1o be the
evapotation spectium with the nuclear temperature of 1.347 McV obtained from systematics

-7 =
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glven by Smith et al, 2

2.5 Neulrons per Fisston

The number of deluyed neuteony per fisslon (vg) was estimated with o systematics of
Munero snd Konshin2? The number of delayed peutrons Js 003 n the thermal energy region
and 0.019 in the MeV reglon, The energy tange from 4 to 7 MeV was assumied to be a
transicnt region of the two values. The six group decay constants were assumed to be the
sume a3 those of *2Pu evaluated by Brady and England, 2

The prompt neutrons (v,) was determined on the busls of experimental data for ey
and #2pu;

v, 2 279 + (L163xE(McV).
This is close to v, = 2.688 + 0.184xE(McV) obtaincd from Howerton's systzmatics,?®?

2.6 Discussion vn 4Py Data

The cross sections obtalned in the present evelustion are compared with those in
ENDF/B=-VI in Figs. 2.4 to 2.9, The ctoss scctions in the resolved resonance region in these
figures are averaged in quarter lethargy intervals. ENDF/B=VI gives hypothetical resolved
resonances below 249 ¢V and unresolved resonance parameters at encrgies between 249 ¢V
and 10 keV, Large discrepancies ure found in the resonance reglon except the thermal cnetgy
region. The fission cross scetion in ENDF/B=VI is zero ot low encrgics, while the present
cvaluation gives small values on the basis of the experimental data. Above 100 keV, the both
cvaluations are almost the same. ENDF/B=VI adopted the data of Behrens et al, which are
slightly smaller than the data of Moore et al. There are also rather large discrepancies in the
capture, inclastic scattering, (n,2n) and (n,3n) reaction cross seciions, because of no available
experimental data,

Thc angular distributions of clastically scattered neutrons are shown in Fig. 2.10. The
present results are almost the same as ENDF/B-VI. Figures from 2.11 to 2.19 are the angular
distributions of inclastic scattering neutrons at 2 and 10 McV, On the figure of 2 McV data,
contributions from the direct process calculated with ECIS are shown together with the
present result which is o sum of direct and compound processcs.

Figure 2,20 displays the cnergy distributions of (n,2n) reaction neutrons ot the incident
eacrgy of 10 McV, ENDF/B-VI adopted the evaporation spectra, and the present evaluation
the STAPRE calculation. The same tendency as the (n,2n) reaction is found in the cnetgy

- -



JAFRI=esearch 95=067

distributions of continuum inclastic scattering neutrons shown in Fig, 2.21, ‘The fission
neutron spectra in Fig, 2,22 are almost the same cach other.
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3. Evaluation of %Py Data
3.0 Cross sections {n the thermal reglon

Available experimicntal dati i§ ofily the fission cross section measured by Gindler et
i) They used the thermal column of the Argoniie hicterogencous hieavy=water reactor, CP=
5, and obtained the cross section of 2500500 b, CINDAY stores an index line of
experiment made by Hulet et ob.® with the cross seetion of 2200 b, However, (ifs s fot in
published reports, Mughabghub? recommended the thermal cross scction of 2455295 b,
We adopted this value us the cross section ot 00253 ¢V, The sutio of fission ¢rosy section
to caplure cross section was assumed to be the sume as that in the keV region. The ratio in
the keV region s about 1/5 us is described in the next seetion.  Therefore, the capture crosy
scction of 500 b at 0.0253 ¢V was adopted in the present work. Both cross sections were
assumed to have a form of 1/v, and smoothly connected the cross sections at 1 eV, The
adopted clastic seattering, cross seetion is a constant of 11,5 b which was caleulated ut low
encrgies with CASTHY a8 deseribed in the next section,  ‘The total eross section was
caleuluted as a4 sum of these cross sections.

No resonance patameters were given, because no experimental data were available for
the resonance patameters and the level spacing estimated from level density parameters was

so small that Doppler effects might not be important.

3.2 Cruss scctlons above 1 ¢V
3.2.1 Theoretical caleulation
In this cnergy range, no experimental data are available. “Theoretical caleulations of
cross sections were made with ECIS, STAPRE and CASTHY.,

The total and shape elastic seattering cross sections, angular distributions of lastically
ond inclastically scattered neutrons and neutron transmission coetficients were caleulated with
ECIS in the energy fange shove 400 keV. An even-Z and odd=N nucleus 2Py is difficult
to analyzc in terms of the coupled channcl method, as it has a high spin of the ground state
(7/2) and, besides, the K=772 and K=1/2 bands become mixed alrcady at low energy (0.15
McV) und the band mixing increases with the energy of the excited states,  ‘This is the
evidence of ponaxial symmetric deformation and it scems questionable to assume a symmetric

. . d . ¥
rotational model for the analysis of *7Pu, However this model has the advantage of making

w10 =
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the entire analysly of the neutron seuttering on P7pu casier,

The code ECIS was used in the energy range from 0.4 to 20 MeV (the symmetric
rotational model for the low lying band K=7/2), Five levels of this band were considered
coupled, In the ECIS code, it was not possibic to take into account the sccond rotational
band K=1/2 mixed with K=7/2, Coupled channel calculations for ®7Pu were made using the
following, optical model parameters:

Vg = 462 ~ 0.3E, 0 < E <20 MeV
whit = 305 4 0.4E, 0<E <10 MeV

7.05 - 0.082(E-10), 10 < E < 20 MeV
W'l = 8.0x{14exp]-(E=50)/10)}7), 0 < E < 20 MeV
Vo = 62

=126,  ay =063
=126, 4y =052
fgo = 112, gy = 047
By = 0220, i = 007

These parumeters were determined by Konshin considering Refs, 12 and 13,

The code STAPRE was used for calculations of the fission cross section, (n,2n) and
(n,3n) reaction cross scetions and the inclastic scattering cross section, Neutron trunsmission
cocfficients for these caleutations were provided by the ECIS code. ‘The fission barricr

parameters E and B used were the following:

nuclide EMMceV)  EPMev)

Dhpy 5.60 5.10
Spy 6,00 ‘580
epy 5.30 4.70
Dpy 5.60) 5.10

These paramcters were determined so as to reproduce the experimental data of fission cross

sections for neighboring nuclides and by considering their systematic trend.

CASTHY was uscd in order to caleulate the inclastic scattering cross scctions due to

- il -
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the compound process and the capture cross seetion, The optical potentfal parsmeters used
are listed in Chapter 2 with the followlng modification:
Vi =447 = 03 E (MeV).

This modification was made by assuming the total cross section in the keV tegion to have the
sume tendeney of #?Pu total cross section, und so as 1o feproduce sueh tendency,

The fevel density paramicters {or Gilbiert-Camcron's formula were determined with the
same way us 2Py cvaluation. Obtalned patamicters are given in Table 2.3, Level scheme
of Py tisted in Table 3.1 that was adopted from ENSDF,

3.2.2 Compilation of cross section data
1) Total Cross Section

The udopted total cross scetion was the theoretical caleolation with CASTHY in the
energy range from 1 ¢V 1o 400 keV, and with ECIS above 400 keV,

2) Elastie Senttering Cross Section

Above 1 keV, this cross section was obtained by subtracting the sum of partial crosy
sections from the total cross section, Above 3 MV, the results are essentially the same as
ECIS calculation, Below 1 keV, it was assumed (o be a constant value of 11.5 b which was
obtained by the subtruction at 1 keV.

3) Inclastic Scattering Cross Sections

The direct inclustic process was caleulated with ECIS to the 1st, 2ad, Sth and 8th
fevels, The direct inclastic scattering cross sections were added to the compound inclastic
scaltering cross sections caleulated with CASTHY. Levels above 655 keV were assumed o
be ovetlapping. The continuum inclastic crosy scction was caleulated by means of CASTHY
below 2 MceV, and by subtracting a sum of the clastic scattering cross section calculated with
ECIS and the fission, (n,2n), (n,3n) and caplure cross sections from the total cross section
caleulated with ECIS above 3 McV. Thus detesmined cross sections were simply connected
between 2 atid 3 MceV,

4) (n,2n) and (n,3n) Reaction Cross Sections
They were caleulated with STAPRE.

. |2¢a
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5) Fisston Cross Seetion

Above 1 MeV, the resulty caleulated by STAPRE were adopted. The shape of the
cross section in the 100 keV region was assumed to be the same as that of 2%Pu, and it was
normalized to the fission cross section at 1 MeV. Below about 100 keV, since the resonance
structure of Pu could not be adopted, the cross scetion was ussumed to be Og, = 030,85
wihiere o 15 thie tofal reaction cross section ealculated with CASTHY and the factor of (L85
was estimated at 100 keV,

6) Cupture Cross Scction

The capture cross section was calculated with CASTHY. The average capture width
of 47 meV and the average level spacing of (.233 eV were assumed. ‘The average capture
width was estimated from the systematics by Maleeki et al.3, by Bondarenko und Urin® and
by Gurdner’®, However, results of the CASTHY caleulation that took into account of
competing cross sections had unexpected shupe around 1 MeV because the shape of the
fission cross seetion based on the reuction cross section caleuluted with ECIS was inconsistent
with the reaction cross section caleulated with CASTHY. Therefore, the capture cross section
adopted was caleulated by CASTHY without competing process and normalized to the
caleulation with competing process at 10 keV. In the MeV region, the same amount of direct

capture cross scetion as *Pu was added to the CASTHY calculation.

3.3 Angular and Encrgy Distributions of Secondary Neutrons

The ungular distributions of clasticully scattered neutrons were caleulated with ECIS
above 400 keV, and with CASTHY below 400 keV. Those of inclastically scattered neutrons
were obtained by the CASTHY for the compound precess and by ECIS for the direct process.
The ungular distributions of neutrons emitted from the fission, (n,2n) and (n,3n) reactions
were assumed to be isotropic in the laboratory system.

The encrgy distribations of neutrons from the (n,2n), (n,3n) and continvum inclastic
scattering were obtained by STAPRE. The fission neutron spectrum was assumed to be the
evaporation specttum with the temperature of 1.387 MeV that was obtained from the
systematics given by Smith et al. >

3.4 Neutrons per Fission

The number of delayed neutrons per fission (vy) was estimated with a systematics of

._|3....
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Mancro and Konshin®® Estimated deluyed neutron yicld v, in the low cnergy reglon 1s 0,002
and that In the high cnergy region Is 0,0014, The cnergy range from 4 to 7 MeV way
assumed to be a fransicnt aréa of these two values, The six group decay constants were
assumed to be the same as those of £?Pu cvaluated by Brady and Brgland®),

The number of prompt neutrons (v,,) was determined on the basis of experimental data
for S9pu;

vy = 2.863 4 (.123xE(McV).
This is close 10 v, = 29203 + 0,1420xE(MeV) obtained from Howerton's systematic,?)

Bpy Data

3.5 Discusston on

The present evaluation is compared with evaluated dats® in ENDF/B-VI, Table 3.2
is @ list of thermal cross sections and resonance integral,  Both evaluations give almost the
same values,

The cross scections are shown in Figs, 3.1 10 3,7, The total and clastic scattering cross
sections of the both evaluations are almost the same as shown in Figs. 3.1 ond 3.2, Figures
3.3 and 3.4 are comparison of fission cross sections. Tendency of the cross section is the
same in the both evaluations.  However, ENDF/B=V1 is larger than the present evaluation
above T eV, As a result of these discrepancies, the resonance integral of ENDF/B-VI is
about 30 % larger than the present evaluation. The capture cross seetions in Fig. 3.5 arc
discrepant from cach other around 1 ¢V and above 10 keV., The cross sections of inclastic
scattering, and (n,2n) and (n,3n) reactions have rematkable discrepuncies as shown in Figs.
36.and 3.7,

The graphs of the angular distributions of clastically and inclastically scattered
neutrons and the energy distributions of neutrons emitted from (n,2n), continuum inclastic
scattering and fission are shown in Figs. 3.8 to 3.15, Large discrepancics among the present
tesults and ENDF/B-VI ¢valuations are found in the cnergy distributions of ncutrons the
(n,2n) reaction and continuum inclastic scattering, These discrepancies come from the

discrepancies of their cross seetions,

-4~
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4, Conclusion

The nuclear duta evaluation of Py und #'Pu way made In the incldent neutron energy
range from 107 ¢V to 20 MeV. The available experimental data arc quite limited, so the
theoretical caleulations were widely used. The parsmeters needed to the caleulation was
determined by systematic investigation for several nuclides ground **Pu and ®"pu, Especially
the fission cross section caleufated with the STAPRE code §5 reliable because the results of
STAPRE arc in good agreement with experimental data for several Pu Isotopes, The present
resulty will be stored in JENDL Actinoid File,

In order to improve the nuclear data of minor actinides, experimental data are quite
important in particular for the fission, capture, (n,2n) cross sections and resolved resonance
parameters in the low cnergy region. However, only the fission cross section of Py in wide
energy range and that of ®Pu at the thermal encrgy are availuble in the present work.
Therefore, the uncertaintics of the present results might be sather large except for the Py
fission cross section, New experimental data are deeply required to improve the present status

of these nuclides.
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Table 2.1 Resolved resonance parameters of 24pu

Resonance Neutron Fission
energy (V) width (mcV) width (meV)

-6.0 1.558 0.02

4.0 0.026 0.02
307 22 0.022
40.3 1.03 0.022
53.5 0.80 0.025
643 155 0.021
87.6 32 0.013
102.0 43.0 0.020
128.0 3.0 0.020
161.0 210 0.012
185.0 310 0.018
191.0 320 0.023
227.0 300.0 0.020
233.0 4.1 0.020
285.0 61.0 0.020

l'r = 20 meV for all resonances.
R' = 9.33 fm.

All levels are s-wave resonances .

-~ 18~
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Tuble 2.2 Therma! cross sectlons and resonance Integraly of*pu
(in baens)

quantity  prescat ENDF/B-VI  others Ref. of athers

U 12,036 11.465

Uya 10,354 9,635

Uge 0.0017 0.0

Ut 1,680 1.830 1.7:0.1  Mughahghah”)
21203  Butler ¢t 0,20
1.5:03  Ficlds ct o128
1.6:03  Schuman®”

R, 5.07 4.73

Rl 50.0 106. 40.6£2.9 Mughabghab”
3517 Schuman®”
4023 Druzhinin ct al.3®
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Table 2.3 Level density parameters of Pu [sotopey used in CASTHY calculntion

Nuclide a(MeV™) T(MeV) 8(MeV) EMeV) o DeV) Dy (V)

237Pu

3094
31.68
3035
32.60
32.66
31.0
3487

0.394 0.776 42035 3098 9.01 90£0.7
0.380 1.543 50169 3237 0.90 0.9£0.1
0.355 07698 37248  32.49 155 15.5¢1.7
0.380 1.536 47720 3174 2,34 -

0.315 0.7667 31895  33.76 17.0 1743

w: level density parameter

T: nuclear temperature

8: palring cnergy

E,: connection cnergy of constant temperature model and Fermi gas model

a: spin=cutoff pasameter

D,

et S=Wave average level spacing at ncutron binding cnergy

Table 2.4  Level scheme of %4pu

Encrgy (keV)  spin parity

0.0 0 +
48.0 2+
153.0 4 4
3154 6 +
531.8 8 +
708.0 2 4+
798.3 10 +
957.0 3 -
1015.0 2 4

The levels nbove 1,068 MeV were assumed to be uverlapping.

- 20~
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‘fable 3.1 Level scheme of 27Pu

Encigy (kcV)  spin panty

0.0 /7
47,71 9 -
106.0 ne -
145.54 12+
155.45 N+
175.0 132 =~
201,18 5”2+
224.25 M+
2570 152 =
250.22 52+
Jo4.0 92 +
32097 m +
304 n +
no 92 +
404.19 5+
407.83 S 4
438,41 m  +
453.2 m +
473.5 M+
486.0 Mmoo+
513.0 9922 +
545.0 n -
582.0 52 -
591.0 n -

The levels above 655 keV were assumcd to be overlapping.

= Q) =
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Table 3.2 ‘Thermal etoss seetlons und pesonunce Integraly
(Ia barns)

quanfuly  prcsenil ENDF/B-VI  others Ref, of vthers

Uy 2066.5 2651.7

Oe1s 11.50 11.73

gy 2455.0 2100.0 24552295  Mughobghab”
25002500 Oindler ct 2.3
2200 Hulet ot a1.3¥

Uy 500.0 3400

R, 816 1085

R, 142 190

-0
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