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1. The status cf the absolute Cf)-velue .

All recent &nd the majority of ihe o0ld measurements of V~values for
fissile elements were made relative to the 7(252Cf)-value. In connection
with it the knowledge of the absolute'ﬁ(2520f)-value is of great
importance.

The experimental results available for {7(252Cf) show a spread of

about 1 % due to a disagreement betwecen the liquid scintillator measure-
ments (higher values) and manganese bath and boron pile measurements
(lower values).

The survey of '7(2520f) measurements carried out up to 1963 was made
by J.J. Schmidt [1] who gave the following value for the average number
of total neutrons resulting from spontaneous fission of 252¢¢,
v, (252¢r) - 3,773, with the number of delayed neuirons being 0,009.
This V(Cf) value was mainly based on the boron pile measurements of
Colvin et 21 [2] and liquid scintillator measurements [3], [4]. From
that time several new measurements oi"ﬁ(zsch) have been carried out,
the most recent among them are the Axton et al. measurements [5] and
the De-Volpi and Forges measurements [6]. The results of Axton measure-
menis are provisional at the present time, because they have restarted
the experiment with a new larger sample of modern califerniun.

L]

The present status and the evaluation of the absolute'ﬁ(zsch)—value has
recently been mede by G.(. Henna, C. H. lestcott et al. [7] in their
conprehensive study of tne 2700 m/sec constanis for fissile isotopes.

They considercd the ebsolute %52Cf-5~mensurements in relationship to

the ratio of W-values for 235U and 2520f, and the v, n and *-values for
2334, The procedure adopied by Hanna et al. was to consider the individual
data separately and first derive weighied means for the individual pare-
metlers and thlien to use ihese as input data for a fitting scheme from which
a set of fitted parameters is obtained. The experimental values for
v(252¢f), which Hanna et al. used, are given in table 1.

TABLE 1
<. ~ - 252
The average number of prompt neutrons per fission, V, for Cf
(taken from Hanna et al.[7])

References Technique used Experimental ¥ (Cf)-values with
the corrections made by Hanna
et al.

Asplund-Nilsson

et al. [3] liquid scintillator 3,830 + 0,037

Hopkins and Diven

[4] liquid scintillator 3,793 + 0,031

Colvin and Sowerby

[2] boron pile 3,713 + 0,015

Moat et a1.[SE manganese bath 3;721 + 0,056

Celvin et al.[9 ~"— 3,700 + 0,031

Yhite and Axtongloj -t 3,796 + 0,031

Axton et al.[11 - 3,700 + 0,020

DeVolpi and Porges [6] 3,739 + 0,017

(DeVolpi revised LU (3,725 + 0,015)
value )

Hanna et al.|7] 3,743 + 0,016

weighted mean -

Fitied value 23,7653+ 0,0104
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As one cah sce from the il&ble, there are ivo separate groups of results
with the values i about 3,800and 3,700.

Henua et al. incorporzted into the experimental values for + the correction
for ihe energy dependence of neutren detector efficiencies, The necessity
of such a correcticon was due to tha uncerieirty in the measured fission
specira for 252¢f and for the other fissile isotlopes, “his uncertainiy can
be c¢ne of the sources of possible sysiematic errors which can bz reduced

by considering y-ratiog gcr different fissile isotapes rather than con-
§zderin5 Vv-ratio to i(‘5-Cf) gnlg qbecause the mean_nsgtron energy value

E _for 227Cf is high engurh g: (222¢r) = 2,35 eV, ®(“77U) = 2,10 Nev,
B(2330) = 2,14 wev, ¥ (23%pu) = 2,24 Fev, E (?40ru) = 1,93 FeV, according

to [7]].

Besides, Hanna et al, made the correction to manganese bat?3meas¥rements
for ine logs of fast neutrons by the reactions 160 (n,« ) 1°¢C, 395 (n, o)
29si and 32S (n,p) 32P, tecause new results for oxygen (n, & )-cross
section became 2vailable, but this effect is quite small for the fission
spectrum.

There are two more physical effectis which should be taken into consideration
when analysing resulis of absolute Y-measurements. The first one is

connected with delayed Y-rays which can ke detecied by the liquid scintil-~
later technique,but not & borcen pile method. The respective correction_is

of t?n order of about 0,2 - 0,5 ¢ at_ihe thermal ncutron energy for

and <39Fy and of (c,25 + 0,123% for 292Cf [12]. 7herefore, this effect

can definitely not explain the 2 - 3 <5 difference between liquid scintillator
and Loron pile msasurcments.

The sccond physical phenomenon in which the source of discrepancies can be
gearched for, is chemical instatility of the solutions by the Szilard-
Chalmers reaction. It was noted that the FMnS0, solution was getting
instable during the irradiaztion time, and 5654 precipitates slowly from
the solution. The value of the precipitation depends on the concentration
of the solution, the amount of oxygen soluted, temperature, acidity,
irradiation dose etc, This effect of precipitation can lead to a systematic
error depending on the activity counting technique. De Volpi and Porges
indicate that this effect was about 1 to 2 % in their measurements. The
activity in a bath can be stabilized by special additives such as sulfur
acid and hydrogen peroxide, but introducing additives to manganese bath
complicates the determination of a A}mportant Hn/ﬂ-ratio .

very )
On the other hand, according to Axton [14], the chemical instability of
the solution is not a reason of systematic errors in the measurements
carried oul in his laboratory, although this effect should be taken into
account, at least for KMnO4 solution.
It seems there is no single cause for the explanation of a spread in the
experimental results for ¥(222Cf), but probably a combination of fortuitous
circumstances lead to a systematic error. Perhaps errors assigned to
systematic effects have been insufficient in the various experiments.
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As far as btereon pile measuremenis are concerned it must be taken into o
consideraticn that thesc mensuremenis were carried out without calibration Vi
with neuircen scurces, the strengih of which had been determined predomirantly’
by bath measurements. talitration of boren pile mezsurements hes been made
by the absolute ccunting of photos-proicns in the 24 (¥,n) lj-reaction. The
borcn pile - mangancse bath comperiscns were introduced at 2 late stage when
Colvin and Scwerty were Seercning i{or p.sSsible systemaiic errers. The com-
pariscn of toih methods wes based on the rasdium beryllium photonsutron
source, and agreement was wiithin 0,29 percent. Cther comperisons made with
a Ra-Fe-scurce end « 240py spontareous fission socurce give cgrecuent 0,25 4
and 0,07 ﬁ respectively. ‘e can conclude therefore thai renormalization of
the toron pile results is not justifiable.

Hence the available experimental results can be grouped into the following
three independent categories: liquid scintillstcr, boron pile and manganese
bath measuremenis. This grcouping is, of course, relative because the
important question about systematic errors still remains. And if iwo ex-
periments are similar to each otiher, (2 possibility of a same systematic
error remains, ) then those two experiments should be considered in one
group. Iut anyway the weight of each group should be considered scparately.
It was_done in the review of Harna el al., who obtained the fitted velue

of "P(‘520f) = 3,7693, vhich is not so close to the weighted mean 3,743.
This reflecls the fact that the ittt value of 53(2520f) is strongly de-
pendent upor the highly accurate R and d-values for the fissile isotopes

and ihe precisely measured ratios of ¥ for the fissile isotcpes ic the

< (?5~Cf). For this roason, although DeVelpi and Porpes have revised their
results to 3,725 + 0,015, the fitted value of‘iT(zbgcf) should only change
very slightly by the use of ihe revised De Volpi and Torges result. It is
also confirmed by the fact thal a revised weighted mean value obtzined

by using the revised De Volpi and Porges results is equal to 3,740 (the
Hannz weighied mean is 3,743).

Therefore we shall use in this review for normaliza urpouses the

tion p
following velues for 292Cf: '?t(zsch) = 3,765, {;(252Cf) = 3,756.
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2) The enorry deperdence of V for U .

c
The energy-dependence ¢f Vv for 23)U belew 1,0 ¥eV is of gr.at importance
to fast reactor physics, since in ihis region the majority of the neutron
figsion specirum lies, "herefore we shall consider in greater detail this
energy regiosn.,

b
k1]l availeble experimental informetion cn 57(2“)U) in the energy region
below 1 eV is given in table 2. Fart of ithese resulis,which were obtained
up to 1965, has already been considered by J.J.  Schmidt in [l]. The table
2 contains tha resulis of all the measurements carried out up to April 1970.

e do not conszider ¥ values at thermal energies. Recently cbtained ratios

at thermal cnurgies agree with each other with an accuracy better than 1 %
[15], exnd the accuracy of ithe majority of the measurements is about 0,5 - 17,
A1l available information up to lote 1969 has recenily been evalusted
carefully by lanna, vestcott et al. [7]. They considered the absolute 535
measuraments for v (¢27U) at thermal energies as well as the ratios ¥( 3)U)
to v(222Cf) and the_ratios i72235t\ to ¥ for 233y, 239Pu. The fitted values
for the 1-retiocs 235U/2520f, 33U/235U, 239Pu/235U are not close enough %o
the vieightecd means and therefors the fitted value is dependent on the
accurate ¥, X and n-values for 33U, 239Py and 252¢f. Hanna et al. get the
following figures: 7' (2350) = 2,4229 + 0,0066, ¥y = ¥, + ¥g, - =
averagc number of prompt fission neuirons, ¥3 = average number of delayed
fission neuirons. Assuming for Vg ihe value G,015% taken from Keepin [€8]
we get 'Fp”h (?35U) = 2,4071. %e used these thermal %, and ¥-~values for
235U as standards in rencrmalizing 211 the experimentzl ¥-values given in
table 2, For 222¢f used as a standard the following values were used for
renormzlization: =¥ (€92¢r) = 3,765, 5pbp(6520f) = 3,756.

There was clear evidence of the non-linear depondence of'7(235U) below 1lieV
in ihe invesiigeiions of loat, MNather and Fieldhouse [22], and in the stiudies
of Kather, Fieldhouse and Foat [25]. This trend has been confirmed by the
works of Blyumkina, Bondarenko et 2l. [25], Kuznetsov, Smirenkin [29],
Nadkarni and Ballal [30]. Unfortunately, the energy resolution obtained

in those three works was not adequate in order to investigate the energy-
dependence of 4 below 1 eV in detail, The better energy resolution was
achieved in the measuremenis of Meadows and khalen [28] and in those of
Soleilhac, Decarsin et al.[31].

Meadows and Whalen have measured the energy dependence of 4/ over the

incident neutron energy range 0,04 - 1,0 MeV by determiningpthe ratio of
prompt ngptﬁggs from neutron~induced fission Q£ 235U to those from spontaneous
fission of Cf. “hey used as standard v, (229¢f) = 3,782. The Neadows and
Whalen resulis have been renormalized to ghe adopted‘ib (25 Cf) value and

are shown in table 9.

Soleilhzc, Decarsin et 2l. [31] have recently determined the energy—dependence
of ¥ relative to ¥ (€2°Cf) over the energy range 210 keV to 1,36 MeV, using
the time~of-flight” technique. The liquid scintillator method was used to
detect the neutrons. ‘their numerical results as well as the resulis of the
other authors are given in table 2.



The annlryeis of the experimeninl dats balow 1 eV shows the existence of

a ceririn siructure. In ordsr ic¢ illusiroie this characteristic, two sets
of data were chosen fur ithis purpsse btecuuse of thelr beilier energy
resclution; i.c. ihe deta of Solcilhac ot al. [32] clieined with an cnergy
resoiution of * 10 keV telcw 0,7 2V, and those ©F Vendous and Yhalen [ 287,
with © Tes~iviion of + 25 - 30 ke, The dzta of Flywking et al. [25] were

(%4

obtained with the energy resolution of 7Yout + %0 keV mnd inerefore could

not te experied ic¢ show the fine strueture. The data of Soleilhec et al.,

and those of YVeadows and wWhalen, neve teen pleijed in fig., 1, having alse drawn
a histugram througsh the experimential peints ¢f ithe first author. The

experirental errurs in + shown in  the fig. 1 are of + 0,017 - 0,020 for

the Masdows and Vhalen daia and + 0,040 - 0,020 for, the Soleilnac data in

ithe energy rangc up to 0,4 keV and + 0,020 - 0,014 for both sets at the

energy regicn 0,4 - 1,0 MeV. As is seen from fig. 1., both seis of data 3

are in good egrecment at practically 211 energies from 240 keV to 1 leV,

cenfirming pariicularly the siruciure shown at 250, 330, 400, and 500 keV.

Norecver, the Ssleilhec values show o pericdieczl Tine structure with an

interval of eboui BO keV, superposed Lo a broader one.

From this rcality of a fine struciure in -+ , the conclusion can be drawn

that we neced to ke very careful in any interpolation of % from near the
therm:l energy region to an energy of about a hundred k¥eV. The reality of

such 2 sirucivre in v vwill undouctedly offect ihe daia used for recactoer
calculations as tne difference in (2,530 raether than 2,45) of about 3 %

ie hiphly sipnificant since it.is used for muliiplication constant X
calcul:ivicne for fast reactors znd might te ike meain reason for Lhe inaccurate
prediciion of 2350 eritical nasses.

5
The energy dependence of ¥ for 23’U from 1 to 15 MNeV wes studied by several
authorsy for instance, & recent evaluatlion of V-energy depcndence was made
by Fillmore [15]. £11 data for ¥ availeble up to 1966 were analyzed. The
lincar equation obtained by a lesst-stuzres fit of the points between 1,0 and
2,57 ¥eV has the form: ¥, = 2,417 + 0,1146 E4 and for the energy region
E > 2,44 VeV -y, - 2,324 + 0,1569 E the normalization to 7 (252cf) -
3,756. :

The puints above 2,5 lieV show considerable scattering and the accuracy
obtained from the least-squares analysis mentioned above may be not so
good because of the use of many points of low accuracy around 14 leV which
mey exert a stirong influence on the slope. Also, in view of the scatter of
the points,the possibility of systematic errors in some of them remains.

There are two latest works in which the 235U V-energy dependence was studied
with great details in the energy region above 1 leV - the work of Soleilhac,
Frehaut and Gauriau {32] in the energy region 1,3 - 28,0 FeV and the work

of Savin, Khokhlov, Zamjatnin and Faramonova [34] in the energy region

0,6 - 5,0 leV. - '

The results of Soleilhac et al. were published in [32] for Y-values in the
energy region 1,3 - 15,0 KeV. The published deta were changed by the authors
of 0,1 - 0,5 % mainly in the energy regicn 7 - 13 ieV. These new data up to
the erergy 28 eV, sent to us by the autnors, are given in izble 3.

The data obtained bty Soleilhsc et al. are in general in agreement with the
results of other measurements within the limit of the experimentzl errors,
Their curve goer scmewhat lower than the results of the other authors in the
region 2 -~ 6 ¥eV and a little higher in the region 7 - 15 lieV. The Soleilhac

data also shows that there is an increase of 5% in d+ between 5 and 7,5 leV.

vemto——
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Such an incrense conn vte expleine? in the lerrs of (n,u'f)—react}vn%,?~t .
- . o AT T . . _&lnn .
the 7 -valucs celeulaied with the fission cross seciicn raiio V77! avail-
—————t—

7 i3
Gin. <)
. Vi
able from the literaiure &re atcut 3 % lees than the experimenial data.
Soleilhac et al. prive the following leasti squores it to their results for

235¢:

v (T) = 2,3770 + 0,100, 1,6 <€ % L5’O'§ eV
5 o3 T a o ol -

V(W) = 2,0084 4+ 0,20007, 9,06 & B & 7,48 VeV
F(®) = 2,5004 + 01353, TodE & L <1479 e,

using as standard to F;(?ipﬂf) - 3,782, With the repormelization M)i78520f)‘=
3,756 the linear equrticrs will ba ithe Tollowing: ¥(F) = 2,3566 + 0,15884 F,
¥(E) ~ 2,0144 + 0,190, %(%) = 2,5030 + 0,1344 E for the respective, above
menticned energy reogicns. .

Scleilhac et al. did not find any steps in the encrgy dependence of ¥ in
the energy region from 1 to 3 Me'/, It is explained by the fact that in this
energy region they measured the P -valucs ai four energies only, at steps
of gbout 0,5 eV,

Savin et 2l. [34] carried out the measurements of ~ (Tn) for 20 energy
points in the region 1 - 3 lleV and exiended the measuremenis to the ecnergy
of 6 lleV. Background conditions gave them the a2llowence to perform the
reletive measurements with an accuracy of abovt 1 55 in the energy region
0,6 — 5,0 VeV, where the backeround due to scatiered neutrong was 2 - 7 %
of the effect, The numerical dsia of Sevin ot al., renormalized 45 the
valve of (252CF = 3,756 ere given in tavle 3. These data are systematically
somewhat hipgher than ihose of Vrorhercva, et 2l., [33] in the regicn 1-2 MeV,
although coinciding with the laticer witnin the limit error of 1 .

The Suvin data repeat the characteristic peculiarities of the cnergy de-
pendence of *in the energy region from 1 to 3 MeV obtained ty Frokhorova

et a2l., namely, the siepped form of the energy dependence of 5 in ihis

region. The totality of the dsia shows that there is an increase of ~i7 at
about 1 MeV, and in the energy region 1,5 — 2,0 ¥eV the + -value remains
constgq}. Then, beginning from 2,5 - 3 YeV a faster increase is ascertained
with gg; # 0,16 HeV-l. The derivative gy~ increases again with the be-
ginning of the process (n,n'f) at the enérgy In~ 5,5 - 6 MeV as it was
measured by Soleilhac et al. [327], and an increase of ¥ (En) in the energy
region between 5,06 and 7,48 MeV may be fitted by the slope gj[ = 0,20 MeV‘l,

Zn

The stepped dependence of % is associated with the discrete energy levels
of a nucleus in the transition state (so-called fission chennels). The
stepped form of the energy dependence of 4/, as is shown in [33], is in

good qualitative agreement with the conclusions of i, V. Strutinsky and
Pavlinchuk [35], regerding the effect of nucleon pairing on the internal
excitation spectrum of fissionable nuclei. The effect of the stepped de-
pendence of v on the enerpgy of neu%rons inducing fission of the even-even
compound nucleus 236y as well as K¢ - the mean sguare of the angular momentum
projection on the nucleus asxis - was explained by the stepped chaonge cf

the number of excited quasiparticles with the increase of excitation energy
in the interval of several & ( & is 2n energy gap in the 236U inner
excitation spectrum, 2 & = 2,5 leV).

In summary, the totality of 211 t“= experimental data available for ¥ (235y)
gives evidence that the linear energy dependence of <7 exists only in the
energy region above 2,5 M¥eV. Below this energy it is necessary to use for
prectical purposes of reactor calculations the experimental data thecmselves,
shown as a histogram on Fig. 1 and 2, and given in tables 2 and 3.
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Present status of the encrry dependence of ¥ for “°“Pu

It is not_recessary to emphasize the importance of an accurate knowledge
of ¥ for 239Fu in rezcior physics, but in spiie of this importance the
problem has ncti completely teen solved yeot, particularly in the low energy
region, below 1,5 leV, where more accursate and precise measurements would
certainly be welComed.

A
We hsve left out in this review the subtject of thermal ¥ for ‘39Pu, because
it hes been considered in detail in the latest 2200 m/Sec constants revision
of Hanna et al. [7] and, to our knowledge, no new value has been published
aftervards.

As regards the erergy dependence of 57(239Pu), the present situation is as
follows: a total amount of 14 different experimental sets of values are
available, five of which give < only at one energy and are very old,

and another two give v at 1two differeni energies only. Ve then have seven
different sets of values with more than four points each, three of which

will be released at the 2nd International IARA Conference on Nuclear Data

for Reactors at Helsinki. The remaining four sets have bsen published between

1963 and 1969.

The first set of dats of interest to be considered is that of Hopkins and
Diven (4] with 2 total number of six points in the erergy range from 0,250
to 14,5 FeV. They used ¥P(252Cf) = 3,771 as standard and a gated cadmium -
loaded liquid scintilletion tenk 2s a neuircn deiector. The efficiency of
the detector was obiained bty & Nonte Carlo method and chequed experimentally
at on2 energy and angle bty n~p scaticering on a glastic scintillator. They
measured in the same experiment -F(233U) and ¥(%3%U) and the claimed
accuracy of their measurements is of the order of 1,3%. No correciion

was applied for the fission spectra differences of the samples and of the
standard used.

The seme_technique was uscd by Mather et al. [37] to determine ¥ g239Pu)

and % (233U) at four energies between 1 and 4 MeV. They used ¥(252Cf) =
3,782 as standard and the time-of-flight technique to determine the spectrum
of incident neutrons. Their final results were corrected for spectral
differences between the sample and the standard (the correction was ob-—
tained by Monte Carlo calculations supposing a Mexwellian spectrum) and

for the anisotiropy of fission fragment emission.

The total correction applied to the experimental values was less than 2,1%
and +he reported accuracy in ¥ cf the order of 1,7 %. :

Conde et al. [44] have used also a gated scintillation tank and the time-
of-flight technigue to measure 7 (239Pu) between 4,22 and 14,8 MeV at five
different energies, but the liquid scintillator was loaded with gadolinium
instead of cadmium. As standard was used ¥ (‘520f) = 3,764. In the same
experiment ¥ (241pu) was also determined iR the same energy range. Their
final values were corrected azmong other effects for the contribution of

the spontaneous fission of 240py ( correction~2 %), for differences in
fission neutron spectra (-0,2 % a2t 4 ¥eV) and for anisotropy of the fission
neutron emission. The total correction applied to the measured values

was 1,2 % at 4 VeV, and the reported accuracy was better than 3 %.



Soleilhac et al. 227 hove used the scme type of neutron detector to
dctermln"7’ for 239 Pu 235y ana ‘3bU tetween 1,3 and 15 FeV, ""he standard
was v ( JQLf) 3,782 and the measuremenis were c*rrlod ocut with 2 multiplate
ionization chamber which allowed deitermining simultaneously - for the three
isctcpes and for the standerd. In order to minimize alpha pile-up, the totel
9Pu mess was disiributed over eirht outputs with 12 mg per ontput. The
measured values were correct ed, amerg olher effects, for spectr:l differences
(maximum correction + 0,5 ) tetveen semple and standard. The anrisotropy in
fission neutren erission was not accounicd for, because following lMather
[37] the maximum correction would be + 0,2 % at 7 KeV, and was considered
negligible.
These published V-values have teen modified slightly afterwards by the
authors [31], who have also increcased the reported error to include the,
statistical errors cf the corrections for efficiency and degraded reutrons.

They have extended down also the measured energy range up to 0,2 MeV in

an intent to look for structures. The measuremenis in ihis low energy region
vere carried out with a thick neutron target and the neutron encrgy wvas
determined by flight-of-time. The total energy resolution was 20 keV below
0,7 Mej,and 50 keV above this energy. They have used the same stundard

that in previous measurements and in the same experiment was determined
also-Vp(235U).

Other unpublished results are those of Father et al [38], who have used

a large scintillator counter to measure avercge values of v for the neutron
induced fission of 239Fu cver 11 energy bands below 1,2 KeV. The energy
bands were 40 - 115 keV, 115 - 285 keV, and 100 keV v1de from 300 keV 1o
1,2 YeV, The row data were correcicd among other effects for the contribu-
tlon of the <49Pu content and for fissicn spectral diffcrences heiween
sample and standard, determingd by a Fonte Cerlo calculation supposing a
Maxwellian dlstrlbouon with B deduced from the OYpressigg given by Terrell
[78]. The correction was of the order of - 0,3 %. The “““Fu results were
quoted as ratios to-vp(252(f) which was used as standard, and the relative
accuracy was 1 % being dominated by the counting statistic.

Finally, we have obtained the data of Savin et a]. [34] vetween 0,6 and

5 MeV, with an accuracy of 1 - 3 %. They used*v( 222¢c£)" = 3,772 as standard
value,and in the same experiment v.(227U) and ¥ (24 Pu) were also measured.
They ﬁave used a large liguid scintillation tank as neutron detector.

This was divided in two halves and a coincidence was established between
the pulses coming from both parts. In this form they succeeded in reducing
the background by itwo orders of magnitude, belng only 2 - 7 % of the total
number of counts in the encrgy raenge from 0,6 to 5 ileV. In the final
Y-value was taken into account the angular correlation between incoming
and fission neutrons, spectral differences between sample and standard,
multiplication effects in the sample and the effects of impurities,
According to ihe authors, their results for (23%Pu) give evidence of

some structure in the reglon from 0,7 to 3,3 MeV in the form of two stcps
at En = 1,3 eV and En = 2,5 keV. All the reported data are listed in
tables 4 and 5 together w1th their renormalized values considering, as

in the case of 235U, the standard vuluc-vbp (2520f) 3,756, and were
plotted as a function of the energy in figure no. 2.
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An inspection of this figjure shows that: -
i) 211 the old data atout 14 leV and some old ones at lower encergies deviate
too much from the peneral trend expresced by the new ones and should te ex-
cluded in any least-sguare fit .,

ii) There is good general agreement among the data of Hopkins et al. [4],
Condé et al. [44], Soleilhzc et wl. [31,32] and Savin el al. [34].

iii) The old data of Msther et al. [37] - although showing the same lincar
dependence as the vlhers,~present a wrong slope and should bte disrcgardsd,
unless they are renormalized by pivoting them into the 1,99 MeV wvzlue, chosen
as pivot because of iis agreement with other meesurements.

iv) 4he latest data of Mather et al. [38], though showing large fluctuations,
agree with the mean general tendency of thc other measurements.

v)Confirming the subjections of pr.vious measurements and the theoretical
analysis of Schuster and Howericn ({797, ithere seems to be some structure in
the energy dependence of ¥, in the form of changes of slope, which 53@3
place at aboat 6,5 MeV and 12 KeV and which - like in the case of -
can be related with (n,n'f) and (n,2nf) processes, but nevertheless the
effect observed is very small. .

vi) It srems t0 he some indication gf a certagn structure below 4 VeV,
but of smaller amplitude than for 235y, This question will be considered
more carefully later on.

There have tecn many attempts t¢ represent the experimental data byqéinesr
equation of the form ¥(E) = - + AE,~where -7, is the thermal value;~ merely
by determining the coefficien%s~$' and A by means of a least squares fit.
These determinations have been lisled in the following table where the
coefficients v and A a2re given as ratios to the standard used, i7sp(2520f)
in all of them, in order to give &n easier comparison. ‘
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. . — 230,
Paramets rs .0f 1the test fits to the experime:ta) data on Vpg B’Puz

Reference ’ ! Fneregy
s wAT g PR
Mather et al.[37] (a2) 1963: 0 -4 0,7852+0,0063 0,0259+0,0029
(b) | v i 0-4 0,7639+0,0037 0,0346+0,0021
Hopkins et 21.[4] (a) { 196% 0 -14 0,7523+0,1007 0,0424
Filmore [15]) (v) 1968 0 -14 0,7662 0,0337
Condé et 21.[44] (a) . 4 -15 0,773 +0,013 0,037 +0,003
(v) " 0 -14 0,7665 0,0364
Soleilhac et al.[32](a) 1969; 1,36 -5,06  0,7548+0,0025 0,0401+0, 0007
6,08-11,93  0,7613+0,0035 0,0400+0, 0005
12.41-14,79  0,7374+0,0012 . 0,0407+0,0022
[1,36-5,06)+(12,41-14,79] 0,7572+0,0015 0,0393+0, 0002
1,36-14,79  0,7595+0)0027 0,0396+0,0003
Mather et 21.[38] (a) 1970 0,040-1,2 0,7660+0,0053 0,0396+0,0074
" 0,040-1,2  0,7664+0,0056 0,0389+0,0078
Colvin (e) 4,2 0,7658+0,0018 0,0354+0, 0011
Savin [34] (a) ]1970 0,0357
Hanna et 21.[7] (3) {1969 thermal 0,765040,0022

(a) least square fit to author's data

(b) " " "

(¢) Quoted by Mather et al, [38]

(a) Derived from the IAEA best Values after making allowance for delayed neutrons. .

to all available data at that moment
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Then we can see from the table atove that below = 5 NeV the energy

— 2
dependence of v for 3’}u can be nxpreosnd in 2 first approximation,
by a linear equaticn with a slope of 0,150 ncutrons/xev

Al the prescnt moment it is 2 contrcversial subject if some structure
exists or not in the enersy devendcnre of #below ~ 1 VeV, While some
authors as Soleilhac [217,are inclined tq ihe cxistence of some structure
of a similer kind to ~h0=c repertied for JJU Lelow 1 HeV, other authors,
as Boldeman[80], are against ithe existence of it.

In order to throw some light on this subject, all available experimental
data below 1,4 eV have been plolted on figure 5. This figure shows that,
in spite of the different energy resolution of theé several sets of values
and the large spread among them, some structure seems to be present at
about 400 keV.

In order to enhance this epparent structure, we have considered the data
of Soleilhac et al. [31] alone, obtained with good resolution and short
spacing; and we have smoothed ilhem by averaging at firsi each two end
then each three subseqguent points in order to suppress the statistical
fluctuetions. The result of this smocthing hes been .plotted in figure 4,
together with the remaining values from the other authors. Ve see that
the smething procedure hios displayed the existence of a structure in the
form of msome steps at about 0,6 and 1 MeV. 1His structure seems to be
confirmed by the latest results of MNather et al. [38], in spite of their
much larger fluctuations, @nd by the mecsurements of Hopkins et al.[4].
Nevertheless the amplitude of the structure is extremely low, of the
crder ¢f C,6 % only, i.e. much lower ihan in the cese of 235U, but scems
to exist really.

From this analysis we conclude that:

2) the thermal value of ¥ for 239Pu is well represented by the value of the
latest neutron constants revision of Hanna et al. [7]. This value is

7%”(239;:1,) = 2,8799 + 0,0090

from which we deduce
= 2,8738 + 0,0090

after subtracting #; = 0,0061 taken from Keepin et al. [81]

b) This value is in good agreement with the value obtained from the
intercept at zero energy of the line obtained from the least-squares
fit of the energy dependent values between 1 and 5 MeV.

c) The cnergy dependence of 41(239Pu) between 1 and 5 MeV can be represcnted
fairly accurately by a linear equation with a slope of 0,150 neutrons /MeV.

d) For practical purposes this linear dependence is 2lso an adequate re—
presentation of the energy dependence of + below 1 MeV.

e) Superposed to 2 linear dependence there is a structure below 1,5 NeV
with an amplitude of about 0,67and spacing of ~ 400 keV in the form of
plateaux and steps ‘hich should be taken into account in more detailed
calculations.
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The enery deperdence of ¥ for /20

The most recent and thorouph evaluation of the v-value for 233U at
thermal energy is that of Hanrz et al, EZJ{ "hey considered experimental
results boih fer the ratic -u(7330)/ % (9350) ara ©(2330)/ ff‘gfb?-cf).
The mest recent ard sccurnie mensurement of the 5(233U)/-5(23 1)-ratio
is the result by Trldeman and Delton [65], on which lanna's evalugtion
is heavily based. Uanpn et al. pive th Tollowing valua for ¥ (2320) at
thermal energy:-?t“(253U) = 2,4866 + 0,0089.

For the enersy region 2kove thermal all experimental data available

for 53(23 U) are given in the Fli-sigme book [667 and in the report by
Drake [67]. The latest measurements quoied there stem to 1965, and '
to the best of our knowledge ihere are only very few data to be added.

All the experimentel data for-&(233ﬁ) aviilaeble so far are given in
table 6. The data were renormalized to the values indicaied in the
comments to the table. "he averagc number of delayed neutrons was taken
to be 0,007 [74].

Ais one can see from the table, there is the energy gap between 4 and

14 VeV, where no results are available. Also, similer to 2-J5U, there is
some indication of structure tetween 0 and 1 MeV, but this structure is
not studied in great detail. “he complexiiy of the situwation is shown
by the aveilable evidence for ?33U'where the measurements by Blyumkina
et al. [25)] and the reliztive -1 recsurements of Yuzneiscv and Smirenkin
[73] show thai iherc is & maximum for the<-value at cbtout 300 keV and
“ decreases in going from 300 keV ond then rises in going to higher
energies.

The least squares fits for -5(233U) given by Snidow [767, Keepin [77],
and Boroughs, Crazven and Drzke [75] were mainly based on the experimental
data _quoted in the table 6. All of them use a linear representation of
7(233U) in the energy regions from O to 1 MeV and 1 to 15 NeV:

Snidow [76] : V= 2,504 + 0,008 E, O¢E¢l,1 eV, 7= 2,532 at E = 1 MeV
V= 2,3900+ 0,1323%, 1,1¢E <15 MeV, ¥= 4,375 at E = 15 MeV
Keepin [77] ¢ 7= 2,482 + 0,075 B, O4E£1 MeV = 2,557 at E = 1 MeV,
V= 2,412 + 0,136 E, E)1 MeV V= 4,452 at E = 15MeV.

The most recent fit for $(°>°U) is that of Boroughs et al. [75], who
presents the ¥-energy depengence by two linecar segments in the form:
v=2,500 at E = 2,53 . 107° MeV,

v=2,52, E=1NeV
V= 4,30, "E = 15NeV.

Ve would recommend the employ of the latter fit of Boroughs et al., but
it would be preferable to use the value V= 2,4866 at thermal energy
as given by Hanna et al.
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e -~
— 40, . 241, .
Enersy -dependonce of Vfor © Tu, Fu

The experimental available dat g en #(%) for the pluionium heavier
isotopes are very scerce. rFor - 4C2y there is no value at thermal
energy. rFor the energy deperndenze of m:(?*ofu\ we nove only the
measuremants of Wurminov (457 at 3,60 and 15 Ye¥, obtained using

<P (?3°Pu) as standsrd and with °n accuracy of about H°; three
points telow 1,6 lNeV,~due tc¢ De Vroey ot al. [46], of comparchle
accuracy to ihke pregedlnv ones,~and finally the recent measurements
of Savin et al. [34] beiween 1 and 4 leV with a zopor!ed igﬁurﬂcy of
2 -2 %, obtained in an experiment were vp( " and v ( Fu) were
also determined. ‘ihe standzrd used vas zz (¢ 52bf) 3,772,

There are e2lso threec other measurements carried out with a fission
spectrum and not with monoen"rze‘)c neculrons. These a&re thuse of
Sander [917, who gives 7 (?40py) = 3, 150,20 for an energy of 2,1 eV,
the value of ingle et al. [70), who give for Z= 2,13 -¥= 3,27 + 0,14
and finally the measurement c¢f Barton et 21. [9?1 who obtained

3,37 + 0,14 for © = 2,0 leV.

All the available experimental valueg including the measurements with

a fission spectrum, are plotied in figure 5. Ve can sece there, as
reporied by Savin et 2l, [3&] that there secms to be some ancormalous
behaviour in < but the relatively low statistic due to the spontaneous
fission of °40Fu dces not ‘rllow to deduce definite conclusions.

On the other hend we can se=2 that the resulis of Kuzmincv are too

low compared with these of Savin znd the systematic of the other measured
Pu iscioupes, for vwhich v= 5 at 14 leV.

The 1otal value of “Vfor 240Pu was obtained by gddnng-;h = 00,0057 at

14 keV and v, 0,0088 below 5 le¥, according to the requltﬁ of
Keepin [81, 52]

In the case of 241Pu the situation is even worse. The thermal value

is well rcpresented by the revised value of Hanna et al. [7], who

give ¥qp(241Pu) = 2,934 + 0,012, After the publication of the value

of Hanna et al., a new value of -vg (24 Pu) hps been reported that

of Jaffey et al. [62], who heve obtained ¥, ( 4lpy) = 2,874 + 0,015,

a2 value too low compared to the remaining more recent measurements

from which the value of Hanna was deduced. According to the own
authors, apart from this discrepancy, they have not found a basis for
suspecting a systemaiic error in the method. Indeed, other measured
values for other isotopes ggree with previous measvrements. For the
energy dependence of (“41Pu) the only values available are those

of Conde et al. [44], obtained in the same experiment in which < (259Pu)
was also measured, but the accurzcy of the 241Fu measurements are lower.
They are listed, together with the renormalized values, in table 8.

The total value of -V was obtained by adding ¥4 = 0,0084 at 15 MeV

[82] and V3 = 0,013 at lower energies. This late value has been de-
duced from the value at 15 MeV by multiplying it by 1,6, accordlng to
the results of Masters et 2l. [83] who have found 2 decrease in vy

with increasing energy.

The set of values of Condé et al. [44] shovtclearly 2 linear dependence
which can be represented by the equation

ﬁi (E) = 2,921 + 0,1430 En
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The intercezt at zero ancrey is in feeod zercement with the thermal
prompt value of the Hanne ravision.
As for the cnergy dependence cf 7 {or heavier plutonium isotopes, as

242Pu, no experimental values are availatle to our knowledge.

“nerrv denendence of ile cdelzved neuiron yvicid

Eefore leaving the subject of the cnergy dependence of v for the main
figsionable isotcpes, it seems to be very convenient to say a few words
on the staius of energy dependence of the delayed neuiren yield, not
only tecause of its interest for the study of the nuclear structure,
but also because of its importance in the development of kinetic
response methods used in nuclear safeguards problems [93].

The first determinatione of the delayed neutron yield were carried
out with fission spectra of different types of reaciors. [81,84-85].
The work of Keepin et al. [81] included also values of the thermal
delayed neutron yield.

Some years later Shpakov et o1, [86] and Maksyutenko [87] found that
the neutron delayed yield increases with incrcasing energy in unex—
pected contradiction to the iheoreticel predictions.

This long standing discrepancy has lately been resolved. It has been
reporied by Vasters et al. [83] et Dant et al., [82] that ihe yield
decreases with increasing energy, the ratios being in the range 1,60
to 1,94 2t 3,1 ard 14,9 MeV for different fissinnable isctopes. These
results are in accordance with qualitative predictions based on
fission systematics.

According to the latest published results we have the following absolute
delayed neutron yields for the isotopes in siudy:

Isotope thermal(a) Fast (a) 3,20ev®) 14,9 rev(®)
Fissjion spectr.

233y 0,0066+0,0003 0,0070+0,0004  0,0077+0,0008 0,0043+0,0004

235 0,0158+0,0005 ©0,0165+0,0005 0,018 +0,002  0,0095+0,0008

23%py 0,0061+0,0003 0,0063+0,0003  0,0069+0,0007 0,0043+0,0004

240, 0,0088+0, 0006 0, 0057+0, 0007

241p, . . 0,0084:+0,0012

(2) values of Ref. [81]
(v) values of Ref. [83]

(c¢) values of Refs. [82, 83]
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V-values for Spontnneous Mission

The only isotcpe of which ihe %7 value for spontazneous fission was
measured absolutely, is 257¢r. For all the other isotopes the
measurements were mede relative to the 9 value of another spontaneous
fissicnable isotepe, mainly 2320f, or the thermal + value of 235U.
Tharefore the final velue for 211 the remaining isotopes depends
strongly on the velue adopied [or the standards,

After 2520f 2lready considered, the next closely studied isotope
has been 246Pu, and in a third position 242py and 244¢m. For all
the remaining isotopes the knowledge of their spontaneous fission
+ values rely on ihe measurements carried cut in two or three
laboratories, some of them being very old indeed.

All availzble experimental values on thogeisotopes are listed in
tables 9, 10 and 11, togeiher with their renormalized values and
the mean value obtuzined by averaging the renormalized experimental
values with weights proporiional to the inverse of the square of
their standard errors.

In the case of 240Pu the corrections arplied to the measured values by
the authors were almost the same in 21l of them. In these cases,
where a liquid scintillation tank was used as neutron detector, only
Boldeman [57] has taken also into account the spectral differences
between somple &nd standsard. Revertheless we have not considered this
detail when giving weights, because the velue of Bolderman had already
the largest weight due to its much smeller errcr, so that the final
mean value for QEQQPu)is almost entirely deiermined by this

o R —
value. The semé applied also to 7D “Pu).

sp (
In the case of Vg (244Cm) the welghted mean value is determined main-
ly by the data'bT”gﬁfTéy et al. [62]. Theiri7s (?44cm) was obtained

as mean value of several determinaiions relatlee to different well
established standards.

In most of the cases the ¥ value for the spontaneous fission of the
isotopes considered was determined in an experiment , in which the
-© values of other fissionable isotopes were alsc measured. It seems
then interesting to consider the ratios of - for spontaneous fission
of these isotopes to the ¥gp or 3"y of the more importent isotopes.
These ratios are listed in tables 12, 13 and 1}4 respectively.

In such case where the ratio considered has not been measured directly,
the reported error has been increased in the percentage corresponding
to the error with which the now considered standard has been de-
termined, as is shown in the tables reducing in this form its weight
in an average.

From the mean values of these ratios an average of %g, has been de-
duced. The error in the mean values includes 2l1so the error of the
standards.
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Although the average valucs obitained ogree to those deduced by direct
averaging of the renormalized wvalues, this concordance is not
significative tecause in beih cases the final results are strongly
influenced by the se#me best determired values.

For the saoke of completeness we are listing in table 15 all available
experimental deta on <7 for the spontaneous fission of the remaining
isotopesh?and their mean valucs have teen plotted together with

240py, 242py and “44Cm in Tigure 6, @s a funclion of the mass number.
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TABLE 2

Avzilabtle experimental data on "17(23511) in the energy range 0,03 to 1 MeV.
Reference Energy, MeV v exp Standard % renormalized =7 total_
originally used = ;7P+“Vd
J.M. Blair [16] 0,2 2,39 + 0,15 2,39 + 0,15 2,39 + 0,15
J. Terrel et al. [17] 0,7 1,02 + 0,02 .gizh (0235) =1 2,46 + 0,05 2,48 + 0,05
B.C. Diven et 21.[18] 0,08 2,47 + 0,03 Tin ((1235) = 2,46 2,43+ 0,03 2,43+ 0,03
R.C. Hanna (19] 0,74 2,48 + 0,05 Top (U235) = 2,47 2,44 + 0,05 2,44 + 0,05
1,3 2,61 + 0,09 -t 2,57 + 0,09 . 2,57 + 0,09
L.N. Usachev et al.[20] 0,7 2,52 + 0,06 T (U?3?) = 2,47 2,48 + 0,06 2,48 + 0,06
1,0 2,84 + 0,35 - 2,80 + 0,35 2,80 + 0,35
D.Eutler et al.l21] 0,21 2,492+ G,016 Vih (U235) = 2,47 2,4.4% 0,016 2,4 45 0,016
0,625 2,538+ 0,024 . 2,490+ 0,024 2,490+ 0,024
, 1,10 2,570+ 0,020 ~te 2,521+ 0,020 2,521+ 0,020
A. Moat et al.[22] 0,04 2,384+ 0,018 ' ;i’_p (Cf‘252) = 3,77 2,375+ 0,018 2,390+ 0,018
0,25 2,469+ 0,021 o 2,460+ 0,021 2,476+ 0,021
0,50 2,468+ 0,018 M- 2,459+ 0,018 2,475+ 0,018
0,75 2,447+ 0,014 -"- 2,438+ 0,014 2,454+ 0,014
1,00 2,475+ 0,018 —"- 2,466+ 0,018 | 2,482+ 0,018
1,25 2,540+ 0,019 -re 2,531+ 0,019 2,547+ 0,019
B.C.Diven et al.[23]  0,325:0,093  2,4243 0,039 U5 (v%7) - 2,414 2,417+ 0,039 2,433+ 0,039
0,475+0,075 2,431+ 0,038 -"- 2,424 0,038 2,44C+ 0,038
0,842+0,059 - 2,458+ 0,038 - 2,451+ 9,038 2,467+ 0,038
1,106+0,052 2,519+ 0,040 - 2,51.2+ 0,040 2,528 0,040
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TABLE 2 (continued)

© m—

Reference Energy, MeV 'Véxp Standard 7V renormalized o 7 total _
originally used *= _ﬁp + 7vd
A. Moat et al.[24] 0,075 2,39 + 0,05 —Egp (Cf252) = 3,69) ° 2,43 + 0,05 2,59 + 0,05
J.C. Hopkins et al.[4]0,280+ 0,090 2,438+ 0,022 —ggp (cr252) = 3,771) 2,428+ 0,022 2,444+ 0,022
0,470+ 0,080 2,456+ 0,022 . " 2,446+ 0,022 2,462+ 0,022
0,815+ 0,060 2,471+ 0,026 . 2,461+ 0,026 2,477+ 0,026
1,08 + 0,05 2,530+ 0,026 - 2,520+ 0,026 2,5%+ 0,026
D.%.Colvin et al.[2] 0,101+ 0,060 2,478+ 0,021 $% (c£22%) = 3,76 2,475+ 0,027 2,491+ 0,027
0,514+ 0,054 2,524+ 0,045 L 2,521+ 0,045 2,537+ 0,016
0,571+ C,15€ 2,511+ 0,023 - 2,508+ 0,023 2,524+ 0,023
0,572+ 0,015 2,501+ 0,029 - 2,498+ 0,029 2,514+ 0,029
0,604+ 0,053 2,519+ 0,023 - L 2,516+ 0,023 2,534+ 0,023
0,946+ 0,128 2,534+ 0,018 - 2,531+ 0,018 2,547+ 0,018
Y.A. Blyumkina et al. 0,08 + 0,05 2,431 0,030 P (1%7) < 2,13 2,408+ 0,030 2,424 + 0,030
[25] 0,06
0,31 + 0,04 2,481+ 0,025 —t_ 2,458+ 0,025 2,474 + 0,025
0,39 + 0,05 2,491+ 0,017 - 2,468+ 0,017 2,484 *+ 0,017
- 0,55 + 0,05 2,451+ 0,024 -"- 2,428+ 0,024 2,444 + 0,024
0,67 + 0,05 2,488+ 0,023 - 2,465+ 0,023 2,48) + 0,023
0,78 + 0,06 2,486+ 0,025 - 2,463+ 0,025 2,479 + 0,025
0,99 * 0,06 2,521+ 0,029 " 2,497+ 0,029 2,513 + 0,029
0,08 + 0,05 2,391+ 0,035 - 2,36+ 0,035 2,385 + 0,035
0,06 .
0,19 + 0,09 2,448+ 0,038 . 2,425+ 0,038 2,441 + 0,038
* 0,29 + 0,04 2,483+ 0,034 - 2,460+ 0,034

2,476 + 0,034
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TABLE 2 (continued)

Reference Energy, MeV 'Vexp Standard ¥ renormalized vV tiotal -
originally used "= —Jp + Vd

Y.A, Blyurkina et al. 0,39 + 0,05 2,491 + 0,017 -D'l;h 3%y - 2,43 2,468 + 0,017 2,484 + 0,017

[25] (cont'd)
0,46 + 0,05 . 2,493 + 0,037 —n 2,470 + 0,037 2,486 + 0,037
0,64 + 6,05 2,468 + 0,038 - 2,445 + 0,038 2,461 + 0,038

D.S.Mather et al.[26] 0,04 2,420 + 0,021 —ﬁ‘s’p (cr29?) < 3,782 2,403 + 0,021 2,419 + 0,021
0,14 + 0,04 2,423 + G,045 - 2,406 + 0,045 2,422 + 0,045
0,23 + 0,025 2,490 + 0,027 —n 2,473 + 0,027 2,489 + 0,027
0,33 + 0,115 2,478 + 0,026 —"e 2,461 + 0,026 2,477 + 0,026
0,43 + 0,115 2,475 + 0,025 —n. 2,458 + 0,025 2,474 + 0,025
0,70 + 0,145 2,457 + 0,022 - 2,440 + 0,022 2,456 + 0,022
0,84 + 0,070 2,529 + 0,026 —n_ 2,511 + 0,026 2,527 + 0,026
0,93 + 0,190 2,499 + 0,026 —n_ 2,482 + 0,026 2,498 + 0,026
1,17 + 0,175 2,557 + 0,027 —r_ 2,539 + 0,027 2,555+ 0,027

H. Corde [27] 0,06 2,416 + 0,023 —F‘s’p (Cf252) = 3,767 2,409 + 0,023 2,424 + 0,023

J.¥W. Meadows et al.

[28] 0,039+ 0,050 2,422 1 0,017 5P (c£22%) = 3,782 2,405 + 0,017 2,421 + 0,017

0,046+ 0,050 2,423 ¥ 0,016 —n_ 2,406 + 0,016 2,422 + 0,016
0,150+ 0,C32 2,462 + 0,018 - 2,445 + 0,0018 2,461 + 0,018
0,225+ 0,030 2,480 + 0,018 - 2,463 + 0,018 2,479 + 0,018
0,265+ 0,028 2,470 + 0,022 " 2,453 + 0,022 2,469 + 0,022
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TABLE 2 (continued)

Re ference Energy, NeV U exp tandard - renormalized v total, —-
' ’ originally used = Up vd

J.W. Meadows et al.. '

[28] cont'd. 0,298 + 0,027 2,472 + 0,022 ~T7‘S’p(0f252) = 3,782 2,455 + 0,022 2,471 + 0,022
0,325 + 0,027 2,514 + 0,018 - 2,49¢ + 0,018 2,512 + 0,018 -
0,358 + 0,025 2,436 + 0,018 " 2,419 + 0,018 2,435 + 0,018
0,375 + 0,025 2,477 + 0,022 . 2,460 + 0,022 2,476 + 0,022
0,405 + 0,025 2,468 + 0,022 - 2,451 + 0,022 2,467 + 0,022
0,425 + 0,025 2,534 + 0,017 e 2,516 + 0,017 2,532 + 0,017
0,476 + 0,024 2,512 + 0,019 " 2,494 + 0,019 2,510 + 0,019
0,548 + 0,021 2,489 + 0,017 - 2,472 + 0,017 2,488 + 0,017
0,675 + 0,018 2,514 + 0,017 " 2,496 + 0,017 2,512 + 0,017
0,785 + 0,021 2,527 + 0,014 " 2,509 + 0,014 2,525 + 0,014
1,000 + 0,020 2,561 + 0,016 e 2,543 + 0,016 2,559 + 0,016

V.F.Kuznetsov et 21, 0,08 0,986 + 0,006 ‘;IgENn = 491 + 0,007 and

[29] % in (U-235) = 2, 430 2,433 + 0,022 2,449 + 0,022
0,20 1,013 + 0,007 "_ 2,500"+ 0,024 2,516 + 0,024
0,30 1,008 + 0,006 -t 2,487 + 0,022 2,503 + 0,022
0,40 1,000 + 0,000 " 2,468 + 0,007 2,484 + 0,007
0, 50 0,998 + 0,005 Lo 2,463 + 0,019 2,479 * 0,019
0,60 0,995 + 0,005 " 2,455 + 0,019 2,471 + 0,019
0,7v 0,994 + 0,005 - 2,453 + 0,019 2,469 + 0,019
0,99 1,005 + 0,009 " 2,480 + 0,029 2,496 +

0,029
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TABLE 2 (continued)

[le ference Tnergy, MeV Vexp *Standard renormalized v total _
originally used = -,‘;‘p + 24
D.M. Nadkarni et al. 0,37 + 0,15 2,57 + 0,11 ?
(30]

0,43 + 0,14 2,53 + 0,11
0,49 + 0,14 2,49 + 0,11
0,54 :'0,14 2,49 + 0,11
0,65 + 0,13 2,37 + 0,07
0,76 + 0,13 2,50 + 0,10
0,82 + 0,13 2,60 + 0,10
0,87 + 0,12 2,65 + 0,10
0,92 + 0,12 2,64 + 0,10
0,98 + 0,12 2,62 + 0,09
1,03 + 0,12 2,59 + 0,09
1,09 + 0,12 2,56 + 0,05

M.Soleilhac et al.[31]0,21 + 0,01 2,4307+ 0,0535 —Egp(Cf252) = 3,782 2,4139+ 0,0533 2,4300 + 0,0533
0,23 + 0,01 2,4471+ 0,0410 - 2,4302+ 0,0408 2,4463 + 0,0408
0,25 + 0,01 2,4635+ 0,0371 - 2,4465+ 0,0369 2,4625 + 0,0369
0,27 + 0,01 2,4930+ 0,0307 - 2,4758+ 0,0305 2,4918 + 0,0305
0,29 + 0,01 2,4607+ 0,0292 L 2,4437+ 0,0290 2,4597 + 0,0290
0,31 + 0,01 2,4699+ 0,0257 -"- 2,4529+ 0,0255 2,4689 + 0,0255
0,33 + 0,01 2,4455+ 0,0242 - 2,4286+ 0,0240 2,4446 + 0,0240
0,35 + 0,01 2,5165+ 0,0237 M- 2,4991+ 0,0235 2,5151 + 0,0235

- 0,37 + 0,01 2,4736+ 0,0232 R 2,4565+ 0,0230 2,4725 + 0,0230



TABLE 2 (continued)

‘Reference Energy, MeV ¥ exp _Standard 7Y renormalized Vv total
originally used =~-p¥‘)' + 74

M.fglleilhac et al 0,39 + G,01 2,4788+0,0229 :p’ls’p (Cf252) - 3,782 - 2,461 7+0,0227 2,477 70,0227

(3] 0,41 + 0,01 2,5326+0,0212 O 2,515140,0210 2,5311+0,0210
0,43 + 0,01 2,4969+0,0206 " 2,4797+0,0204 2,4957+0,0204
0,45 + 0,01 2,4764+0,0184 - 2,459 3+0,0182 2,4753+0,0182
0,47 + 0,01 2,4562+0,0179 =" 2,4393+0,0177 2,4553+0,0177
0,49 + 0,01 2, 5004+0,0163 = 2,4831+0,0161 2,4991+0,0161
0,51 + 0,01 2,4960+0,0162 e 2,47 88:0,0160 2,49 48+0,0160
0,53 + 0,01 2,5140+0,0155 " 2,4967+0,0153 2,51 27+0,0153
0,55 + 0,01 2,4725+0,0146 " 2,4554+0,0144 2,471 4+0,0144
0,57 + 0,01 2,4885+0,0143 " 2,471 30,0141 2,487 3+0,0141
¢,59 + 0,01 2,4725+0,0142 " 2,4554+0,0140 2,471 4+0,0140
0,61 + 0,01 2,4928+0,0168 " 2,475 &0, 0166 2,491 6+0,0166
0,63 + 0,01 2,4921+0,0162 " 2,47 49+0,0160 2,49 03+0,0160
0,65 + 0,01 2,5108+0,0167 " 2,493 50,0165 2,5095+0,0165
0,670+ 0,01 2,4998+0,0168 - 2,4826+0,0166 2,4986+0,0166
0,690+ 0,01 2,4920+0,0195 - 2,4756+0,0193 ' 2,4916+0,0193
0,725+ 0,025 2,4958+0,0129 " 2,4786+0,0127 2,494¢6+0,0127
0,775+ 0,025 2,5215+0,0136 " 2,5041+0,0134 2,5201+0,0134
0,825+ 0,025 2,5347+0,0151 . 2,517 2+0,0149 2,5332+0,0149
0,875+ 0,025 2,5473+0,0166 " 2,5297+0,0164 2,5457+0,0164

0,925+ 0,025

2,5498+0,0173

2,5482+0,0171
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TABLE 2 {continued)

Reference Energy, VeV v exp Standard 7 renormalized v total _
originally used = -";p +%d
¥.Scleilhac et al. 0,975 £ 0,025 2,553940,0194 Jﬁp (Cf252) = 3,782 2,5363+0,0192 2,5523+0,0192
(31] 1,025 + 0,025  2,5471+0,0233 e 2,5295+0, 0231 2,5455+0,0231
1,075 + 0,025 2,5182+0,0242 LU 2,5604+0,0240 2,5764+0,0240
1,125 + 0,025 2,5786+0,0277 - 2,5608+0,0275 2,5768+0,0275
1,175 i 0,025 2,5769+0,0292 e 2,5559+0, 0290 2,571940, 0290
1,225 + 0,025 2,5779+0,0300 - 2,5601+0,0298 2,5701+0,0298

1,275 * ©,025 2,6378+0,0396 U 2,6196+0,0394 2,6356+0,0394

1,325 + 0,025 2,5588+0,0399 ~'- 2,5411+0,0397 2,5571+0,0397

1,375 + 0,025 2,5826+0,0317 - 2,5648+0,0315 2,5808+0,0315
1,360 + 0,025 2, 5650+0,0100 e 2, 5473+0,0100 2,5633+0,0100

F.V. Savin et al.[34] 0,65 2,432+0,039 —Vzp(szsz) = 3,772 2,422 +0,039 2,438 +0,039
0,68 2,441+0,039 =" 2,437 +0,039 2,453 +0,039

0,71 2,472+0,039 - 2,461 +0,039 2,477 +0,039

0,73 2,473+0,039 ~Ne 2,462 +0,039 © 2,468 +0,039

0,79 2,478+0,039 " 2,467 +0,039 2,483 +0,039

0,82 2,491+0,040 - 2,480 +0,040 2,496 +0,040

0,87 2,474+0,039 " 2,463 40,039 2,479 +0,039

0,91 2,499+0,040 - 2,488 +0,040 2,504 +0,040

0,97 2,484+0,039 " 2,473 0,039 2,489 +0,039

1,01 2,491+0,039 - 2,480 +0,039 2,496 +0,039
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TABLE 3

Recent experimental data on 5)—(U235) in the energy region 1 to 28 MeV

Re ference

Vexp

Sténdard 5jzenormalized

En, HeV Y total=p + vd
originally used P

M.Soleilkac et al. 1,26 2,565 + 0,017 :;,SP(Cf?'52) = 3,78é 2,547 + 0,017 2,563 + 0,017

[32] 1,87 2,631 + 0,022 o 2,613 + 0,022 2,629 + 0,022
2,45 2,688 + 0,022 —' 2,669 + 0,022 2,685 + 0,022
2,68 2,757 + 0,018 ~"e 2,738 + 0,018 2,754 + 0,018
3,50 2,804 + 0,023 - 2,784 + 0,023 2,800 + 0,023
4,03 2,890 + 0,019 - 2,870 + 0,019 2,886 + 0,019
4,54 2,984 + 0,022 -'- 2,963 + 0,022 2,979 + 0,022
5,06 3,040 + 0,019 M- 3,019 + 0,019 3,035 + 0,019
5,57 3,163 + 0,028 _n_ 3,141 + 0,028 3,159 + 0,028
6,08 3,254 + 0,029 - 3,231 + 0,029 3,247 + 0,029
6,97 3,422 + 0,022 - 3,398 + 0,022 © 3,414 + 0,022
7,09 3,428 + 0,029 ~M- 3,404 + 0,029 3,420 + 0,029
7,48 3,521 + 0,016 M- 3,496 + 0,016 3,512 + 0,016
7,99 3,582 + 0,017 ~"- 3,567 + 0,017 3,573 + 0,017
8,49 3,658 + 0,018 —n_ 3,632 + 0,018 3,648 + 0,018
9,00 3,731 + 0,018 n_ 3,705 + 0,018 3,721 + 0,018
9,49 3,809 + 0,020 Lo 3,782 + 0,020 3,798 + 0,020
9,74 3,850 + 0,021 - 3,823 + 0,021 3,839 + 0,021
9,98 3,882 + 0,014 ="' 3,855 + 0,014 3,871 + 0,014
10,47 3,937 + 0,020 -- . 3,909 + 0,020 3,925 +

0,020
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TABLE 3 (continued)

Reference En, MeV Dexp Standard Y renormalized Y total =7 +7 4
’ originally used ; ) P

¥. Soleilhac et al 10,96 3,972 + 0,019 58 (c£2%%) = 3,782 3,944 + 0,019 3,960 + 0,019

. . , ,972 + 0, p * *

[32] 11,44 4,074 + 0,020 - 4,045 + 0,020 4,061 + 0,020
11,93 4,136 + 0,021 e 4,107 + 0,021 4,123 + 0,021
12,41 4,202 + 0,020 " 4,172 + 0,020 4,188 + 0,020
12,88 4,257 + 0,024 U 4,227 + 0,024 4,243 + 0,024
13,36 4,345 + 0,922 —n_ 4,315 + 0,022 4,331 + 0,022
13,84 4,411 + 0,022 - 4,380 + 0,022 4,496 + 0,022
14,31 4,481 + 0,023 —n— 4,450 + 0,023 4,466 + 0,023
14,79 4,508 + 0,023 - 4,476 + 0,023 4,492 + 0,023
22,79 2,511 + 0,049 e 5,472 + 0,049 5,488 + 0,049
23,94 5,654 + 0,054 . —n_ 5,614 + 0,054 5,630 + 0,054
25,05 5,693 + 0,054 e 5,653 + 0,054 5,669 + 0,054
26,15 5,769 + 0,042 R 5,748 + 0,042 5,764 + 0,042
27,22 5,986 + 0,062 " 5,944 + 0,062 5,960 *+ 0,062
28,28 6,108 + 0,090 - 6,065 + 0,090 6,081 * 0,090

L.I. Prokhorova et al. 0,81 + 0,09 2,457 + 0,035 V(0,39 ¥e¥)=1,0253% 2,434+ 0,035 2,4 50+ 0,035

[33} (U-235);

V p(U-235) = 2,430
1,02 + 0,08 2,534 + 0,027 - 2,510 + 0,027 2,526 + 0,027

1,23 + 0,08 2,551 + 0,037 -1 2,527 + 0,037 2,543 + 0,037

1,44 + 0,07

2,555 + 0,037 "

2,531 + 0,037

2,547 + 0,037
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TABLE 3 (continued)

Refecrence En, MeV ‘V-exp Standard < renormalized <) total =¥ + 4
) : ofiginally used : . p

L.I.Prokhorova et al. 1,64 + 0,07 2,583 + 0,034 1}(o,39Mev)=1,025.17‘t’h(u-235); 2,559 + 0,034 2,515 + 0,034

(23] : Y 3n(U-235)= 2,430
1,85 + 0,07 2,610 + 0,032 s 2,586 + 0,032 2,602 + 0,032
2,05 + 0,06 2,598 .:: 0,029 ~Me 2,574 + 0,029 2,590 + 0,029
2,25 :,0,06 2,665 + 0,035 - 2,640 + 0,035 2,55 -+ 0,035
2,46 + 0,06 2,741 + 0,038 - 2,715 + 0,038 2,731 + 0,038
2,76 + 0,06 2,795 + 0,034 ~'e 2,769 + 0,034 - 2,785 + 0,034
3,06 + 0,05 2,803 + 0,046 - 2,717 * 0,046 2,793 * 0,046
3,25 + 0,05 2,830 + 0,042 -"- 2,803 + 0,042 2,819 * 0,042

.V, Savin et al [34] 1,06 2,539 #0,038 5 SP(¢£?5?) L 3 772 2,528 + 0,038 2,544 + 0,038
1,15 2,575 +0,038 P 2,564 + 0,038 2,580 + 0,038
1,25 2,578 0,038 ~"- 2,567 + 0,038 2,583 + 0,038
1,35 2,613 +0,039 - 2,602 + 0,039 2,618 + 0,039
1,41 2,618 +0,039 —'- 2,607 + 0,039 2,622 + 0,039
1,48 2,636 +0,039 -~ 2,625 + 0,039 2,641 + 0,039
1,63 2,641 +0,039 -"— 2,630 + 0,039 2,646 + 0,039
1,80 2,641 +0,039 " 2,630 + 0,039 2,646 + 0,039
1,97 - 2,645 +0,039 ~n. 2,634 + 0,039 . 2,650 + 0,039
2,05 2,661 0,040 ~"- 2,650 + 0,040 2,666 + 0,040
2,18 2,700 +0,033 - 2,688 + 0,033 2,704 + 0,033



TABLE 3 (continued)

Feference Fin,¥eV - &xp ' Standard "V renormalized v total =5 +vd
originally used P
Savin et al. [34) 2,26 2,713 + 0,035 VP (%2%r) = 3,772 2,701 + 0,035 2,717 + 0,035
: 2,39 2,748 + 0,035 -t 2,736 + 0,035 © 2,752 + 0,035
2,55 2,711 + 0,035 _n 2,699 + 0,035 2,715 + 0,035
2,68 2,763 + 0,033 e 2,751 + 0,033 2,767 + 0,033
2,85 2,812 + 0,034 - 2,800 + 0,034 2,816 + 0,034
2,94 2,806 + 0,034 U 2,794 + 0,034 2,810 + 0,034
3,06 2,800 + 0,034 —n 2,788 + 0,034 2,804 + 0,034
3,28 2,833 + 0,043 e 2,821 + 0,043 2,837 + 0,043
3,71 2,871 + 0,043 " 2,859 + 0,043 2,875 + 0,043
4,23 2,903 + 0,044 e 2,891 + 0,044 2,907 + 0,044
4,51 2,937 + 0,058 e 2,924 + 0,058 2,940 + 0,058
4,90 3,032 + 0,061 e 3,019 + 0,061 3,035 + 0,061
5,32 3,095 + 0,072 e 3,082 + 0,072 3,098 + 0,072
5,60 3,110 + 0,082 " 3,097 + 0,082 3,113 + 0,082
5,94 3,234 + 0,106 U ' 3,220 + 0,105 3,236 + 0,105
6,60 3,373 + 0,111 =" 3,759 + 0,110 3,775 + 0,110



TABLE 4

Available experimental data on -5(239—}‘:11) in the energy range 0.08 to 1.5 MeV
Reference Igrr:;g)ﬁ} "{/—exp S.tandard zz_ng:rzlalized :Jt:)_tfl =
i 7, * g
Diven et al.[18] 0,080 3,048 + 0,079 {;ft’h(235u)=2.46 2,982 + 0,078 2,988 + 0,078
Allen et al.[36] 0,5 (1.3 +0,2) 7 (3320)=1 3,156 + 0,48
1,0 (1,3 +0,2) -r- 3,156 + 0,48
Hopkins et al.[4] 0,250 + 0,050 2,931 ¥ 0,039 45, ( 252£)=3,771 2,920 + 0,039 2,926 + 0,039
0,420 + 0,110 2,957 + 0,046 -" 2,946 + 0,046 2,952 + 0,046
0,610 + 0,070 2,904 + 0,C41 " 2,893 + 0,041 2,899 + 0,041
0,900 + 0,080 3,004 + 0,041 - 2,993 + 0,041 2,999 + 0,041
Father et al.[37] 0,99 + C,185 3,103 + 0,056 - ls’p(252(;f)=3,782 3,082 + 0,053 3,088 + 0,053
Soleilhac et 2l.[31] 0,21 + 0,01 2,8969+ 0,0941 ;P (252Cf)r3,782 2,8778+ 0,0935 2,8838+ 0,0935
0,23 + 0,01 2,9185+ 0,0588 5P e 2,8992+ 0,0584 2,9052+ 0,0584
0,25 + 0,01 2,8537+ 0,0493 ~Me 2,8349+ 0,0490 2,8409+ 0,0490
c,27 + 0,01 2,8833+ 0,0420 . 2,8692+ 0,0417 2,8752+ 0,0417
0,29 + 0,01 2,8795+ 0,0359 — 2,8605+ 0,0358 ¢,8695+ 0,0358
0,31 + 0,01 2,9307+ 0,0324 " 2,9113+ 0,0324 2,9173+ 0,0358
0,33 +0,01 2,9576+ 0,0306 - 2,9381+ 0,0304 2,9441+ 0,0304
0,35 + 0,01 2,9467+ 0,0300 " 2,9272+ 0,0300 2,9332+ 0,0300
0,37 +0,01 2,9367+ 0,0295 N 2,9173+ 0,0294 2,9333+ 0,0294
0,39 + 0,01 2,9592+ 0,0270 " 2,9397+ 0,0269 2,9457+ 0,0269
0,41 0,01 2,9345+ 0,0275 " 2,9151+ 0,0274 2,9211¢ 0,0274
0,43 + 0,01 2,9641+ 0,0249 - 2,9445+ 0,0247 2,9505+ 0,0247
c,45 + 0,01 2,9366+ 0,0228 - 2,9172+ 0,0226 2,9232+ 0,0226
0,47 + 0,01 2,9577+ 0,0220 " 2,9382+ 0,0219 2,9442+ 0,0219
+ 0,01 2,9202+ 0,0193 =" 2,9009+ 0,0193 2,9069+ 0,0193

0,49
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renormal lzed 2 i
Ssleiihee et 21.[3i7 ©,51 + 0,01 2,933 + 0,0176 v (2%¢rj- 3,782 2,9487 + 0,0175 2,9547 + 0,0175
0,53 + 0,01 2,928 + ,0173 - 2,9088 + 0,0172 2,9148 + 0,0172
0,55 *+ 0,01 2,96C0 + 0,0169 - 2,9405 + 0,0168 2,9465 + 0,0168
0,57 + 0,01 2,9605 + 0,0164 " 2,9410 + 0,0164 2,9470 + 0,0164
C,59 *+ 0,01 2,9358 + 0,0178 - 2,9164 + 0,0177 2,9254 + 0,0177
0,61 + 0,01 2,9702 + 0,0162 " 2,9506 + 0,0161 2,9566 + 0,0161
0,63 + 0,01 2,9686 + 0,0181 —n 2,9490 + 0,0180 2,9550 + 0,0180
0,65 + 0,01 2,9562 + 0,0184 " 2,9367 + 0,0183 2,9427 + 0,0183
0,67 + 0,01 2,9719 + 0,0190 " 2,9523 + 0,0189 2,9583 + 0,0189
0,69 + 0,01 2,9781 + 0,189 -1 2,9584 + 0,0188 2,9644 + 0,0188
0,725+ ©,025 2,9712 + 0,0145 - 2,9516 + 0,0145 2,9576 + 0,0145
¢,775x 0,025 2,9912 + 0,0153 =" 2,9714 + 0,0152 2,9774 + 0,0152
0,825+ 0,025 2,9674 + C,01€C -" 2,9478 + 0,0179 2,9538 + 0,0179
0,875+ 0,025 3,0035 + 0,0176 - 2,9837 + 0,0175 2,9897 + 0,0175
0,925+ 0,025 2,9858 + 0,02C9 _ 2,9661 + 0,0208 2,9721 + 0,0208
0,975+ G,025 2,9885 + 0,0206 - 2,9688 + 0,0205 2,9748 + 0,0205
1,025+ 0,025 3,0177 + 0,0263 " 2,9978 + 0,0281 3,0038 + 0,0261
1,075+ 0,025 3,0457 + 0,0307 " 3,0276 + 0,0305 3,0336 + 0,0305
1,125+ 0,025 3,0614 + 0,0288 " 3,0412 + 0,0286 3,0472 + 0,0286
1,175+ 0,025 3,0310 + 0,0343 " 3,0100 + 0,0341 3,0160 + 0,0341
1,225+ 0,025 3,0835 + 0,0406 - 3,0631 + 0,0404 3,0691 + 0,0404
1,275+ 0,025 3,1027 + 0,0381 —n 3,0822 + 0,0380 3,0882 + 0,6380
1,325+ 0,025 3,1439 + 0,0473 -" 3,1231 + 0,0471 3,1291 + 0,0471
1,375+ 0,025 3,0446 + 0,0421 " 3,0245 + 0,0420 3,0305 + 0,0420
1,36 + 0,165 3,0708 + 0,0180 " 3,0505 + 0,0180 3,0565 + 0,0180
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CTABLE 4 continued

'Heference Energy D exp Standard Dy (%) Diotal =
(MeV) renormalized Yp +4

Katrer et al.[38] 0,0775+ 0,0375  0,7650+0,0072 T zp(2520f)= 1 2,874 + 0,027 2,880 + 0,027
0,200 + 0,085 = 0,7754+0,0077 2,913 + 0,029 2,919 + 0,029 -
0,350 + 0,050 0,7738+0,0073 2,915 + 0,027 2,923 + 0,027
0,450 + 0,050 0,7933+0,0077 2,980 + 0,029 2,986 + 0,029
0,550 + 0,050 0,7964+0,0075 2,992 + 0,028 2,998 + 0,028
0,650 + 0,050 0,8023+0,0076 3,014 + 0,028 3,020 + 0,028
o,750j 0,050 0,7795+0,007 3 2,929 + 0,027 2,935 + 0,027
0,850 + G,050 0,7969+C,0078 2,994 + 0,029 3,000 + 0,029
0,950 + 0,050 0,8046+0,0074 3,023 + 0,028 3,029 + 0,028
1,050 + 0,050 0,8070+0,0075 3,032 + 0,028 3,038 + 0,028
1,150 + 0,050 0,8134+0,0075 3,056 + 0,028 3,062 + 0,028
0,550 + 0,025 0,7889+0,0101 I gp(2520f’)= 1 2,964 + 0,038 2,970 + 0,038
0,660 + 0,025 0,7715+0,0102 2,898 + 0,038 2,904 + 0,038
0,650 + 0,025 G, 8158+0,0126 3,065 + 0,045 3,071 + 0,045
0,760 + 0,025 0,8114+0,0110 3,048 + 0,038 3,054 + 0,038
0,750 + 0,025 0,7917+0,0122 2,974 + 0,046 2,980 + 0,046
0,80C + 0,025 0,7928+0,0108 2,978 + 0,041 2,984 + 0,041
0,850 + 0,025 0,7874+0,0106 2,958 + 0,040 2,964 + 0,040

Savin et al.[34] 0,89 3,026 + 0,070 agp(252cr)= 3,772 3,013 + 0,070 3,019 + 0,070
0,96 3,005 + 0,060 2,442 + 0,060 2,998 + 0,060
0,99 3,011 + 0,060 2,998 + 0,060 3,004 + 0,060
1,03 3,049 + 0,046 3,036 + 0,046 3,042 + 0,046



TABLE 4 continued

Reference Energy D exp Standard -Dp (%) U total =
(vev) renormalized Yo Vg

Savin et al.[34] 1,07 3,009 + 0,046 D 2p(2520f)= 3,772 2,996 + 0,046 3,002 + 0,046
1,10 3,053 + 0,046 3,040 + 0,046 3,046 + 0,046
1,14 3,089 + 0,047 3,076 + 0,047 3,082 + 0,047
1,17 3,066 + 0,046 3,053 + 0,046 3,059 + 0,046
1,22 3,061 + 0,046 3,048 + 0,046 3,054 + 0,046
1,26 2,984 + 0,045 2,971 + 0,045 2.977 % 0,045
1,30 3,021 + 0,045 3,008 + 0,045 3,014 + 0,045
1,34 3,129 + 0,047 3,116 + 0,047 3,122 + 0,047
1,39 3,118 + 0,047 3,105 + 0,047 3,111 + 0,047
1,49 3,138 + 0,047 3,125 + 0,047 3,131 + 0,047
1,54 3,165 + 0,047 34151 + 0,047 3,157 + 0,047

(*) Renormalization values

By

pY)

t? O

g

252
ot

h(235u) = 2,407 ¢ G.020

cf) = 3.756 + 0,000



TABLE 5

Available experimental data on '17(239Pu) above 1,0 MeV

Reference I(Di"ﬁer. v exp. Standard 28 (*) W total =
eV renormalized o D + D4
Bethe et al.[39] 4,25 3,66 + 0,40 - 3,66 + 0,40 3,67 + 0,40
Smirenkin et al.[40] 4, + 0,3 3,43 + 0,11 v’fc’h(2391>u) = 2,91 3,38 + 0,11 3,39 + 0,11
15 +0, 4,71 + 0,20 U 4,64 + 0,20 4,65 + 0,20
Flerov et al.[41] 14 4,62 + 0,28 - 4,62 + 0,28 4,63 + 0,28
Leroy [42] 14,2 4,75 + 0,4 72 (P)= 2,47 4,63 + 0,39 4,64 + 0,39
Hopkins et 21.[4] 3,90+ 0,29 3,422+ 0,039 ;gp(zSQCf) =3,771 3,409+ 0,039 3,414+ 0,039
14,5 + 1,0 4,942+ 0,1%9 e 4,924+ 0,119 4,930+ 0,119
Mather et al.[37] 1,99+ 0,135 3,170+ 6,045 -31;0(25201") =3,782 3,149+ 0,040 3,155+ 0,040
3,00+ 0,105 3,243+ 0,054 I 3,221+ 0,049 3,227+ 0,049
4,02+ 0,095 3,325+ 0,054 =" 3,303+ 0,050 3,309+ 0,050
Johnston [43] 14,1 4,85 + 0,50 4,85 + 0,50 4,86 + 0,50
Condé et al.[44] 4,22+ 0,02 3,47 + 0,07 3 “:p(252Cf)= 3,764 3,46 + 0,07 3,47 + 0,07
5,91+ 0,12 3,74 = 0,07 " 3,73 + 0,07 3,74 + 0,07
6,77+ 0,10 3,94 + 0,10 e 3,93 + 0,10 3,94 + 0,10
7,51+ 0,09 3,97 + 0,06 " 3,96 + C,06 3,97 + 0,06
14,8 + 0,20 4,98 + 0,09 - 4,97 + 0,09 4,98 + 0,09
Soleilhac et al.[31] 1,025+0,025 3,0177+0,0263 —ggp(2520f)=3,782 2,9978+0, 0261 3,0068+0,0261
1,075+0,025 3,0457+0,0307 e 3,0276+0,0305 3,03360,0305
1,125+0,025 3,0614+0,0288 —n 3,0412+0,0286 3,0472+0,0286
1,175+0,025 3,0310+0,0343 e 3,0100+0, 0341 3,0160+0,0341
1,225+0,025 3,0835+0, 0406 - 3,0631+0, 0404 3,0691+0,0404
1,275+0,025 3,1027+0,0381 U 3,0822+0, 0380 3,0882+0,0380
1,325+0,025 3,1439+0,0473 r_ 3,123140,0471 3,12910,0471
-1,375+0,025 3,0446+0,0421 - 3,0245+0,0420 3,0305+0, 0420



Jb
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TABLE 5 ccontinued .

Keference Energy ¥ exp Standard zp (%) “ total =
(KeV) renormalized VYo +71%

Soleilhac et al.[31] 1,36 + 0,165 3,071 + 0,018 ﬂ?ip(2520f)=3,782 3,051 + 0,018 3,057 + 0,018
‘ 1,87 + 0,150 3,152 + 0,021 e 3,131 + 0,020 3,136 + 0,020
2,45 + 0,125 3,222 + 0,022 - 3,201 + 0,021 3,207 + 0,021

2,98 + 0,105 3,311 + 0,016 " 3,289 + 0,016 3,295 + 0,016

3,50 + 0,100 3,372 + 0,022 - 3,350 + 0,021 3,356 + 0,021

4,03 +.0,C90 3,467 *+ 0,017 == 3,444 + 0,017 3,450 + 0,017

4,54 + 0,080 3,562 + 0,022 - 3,538 + 0,021 3,544 + 0,021

5,06 + 0,070 3,628 + 0,017 - 3,604 + 0,017 3,610 + 0,017

5,57 + 0,070 3,688 + 0,027 - 3,664 + 0,026 3,670 + 0,026

6,08 + 0,075 3,791 + 0,028 U 3,766 + 0,027 3,772 + 0,027

6,97 + 0,170 3,937 + 0,022 -" 3,911 + 0,021 3,917 + 0,021

7,09 + 0,065 3,970 + 0,029 =" 3,944 + 0,028 3,950 + 0,028

7,48 + 0,165 3,998 + 0,018 - - 3,972 + 0,018 3,978 + 0,018

7,99 + 0,145 4,090 + 0,018 s 4,063 + 0,018 4,069 + 0,018

8,49 + 0,130 4,176 + G,020 e 4,148 + 0,020 4,154 + 0,020

9,00 + 0,120 4,249 + 0,020 == 4,221 + 0,020 4,227 + 0,020

9,49 + 0,110 4,324 + 0,023 e 4,298 + 0,022 4,304 + 0,022

9,74 + 0,110 4,334 + 0,021 ~n_ 4,305 + 0,021 4,311 + 0,021

9,98 + 0,100 4,421 + 0,016 e 4,391 + 0,016 4,397 + 0,016

10,47 + 0,095 4,462 + 0,022 . 4,432 + 0,021 4,438 + 0,021

10,96 + 0,090 4,542 + 0,021 _n_ 4,512 + 0,020 4,518 + 0,020

11,44 + 0,085 4,620 + 0,023 e 4,589 + 0,022 4,595 + 0,022



TARLE 5 continued

Taforence Enerey Vexp Stendard 5P (*) v total =
' (¥ev) - . renormalized Fop tVa
Soleilhac et al[31] 11,93 + 0,080 4,683 + 0,023 -;‘s’p(2520f)=3,782 4,652 + 0,022 4,658 + 0,022
12,41 + 0,080 4,697 + 0,024 ="~ 4,666 + 0,023 4,672 + 0,023
12,88 + 0,080 4,804 + 0,025 - 4,772 + 0,024 4,778 + 0,024
13,36 + 0,075 4,855 + 0,026 - 4,827 + 0,025 4,833 + 0,025
13,84 + 0,075 4,939 + 0,025 L 4,906 + 0,024 4,912 + 0,024
14,31 + 0,070 4,997 + 0,029 ~ie 4,964 + 0,028 4,970 + 0,028
14,79 + 0,070 5,048 + 0,027 " 5,015 + 0,026 5,021 + 0,026
22,79 + 0,140 6.026 + 0,077 " 5,986 + 0,075 5,992 + 0,075
23,94 + 0,115 6,127 + 0,064 " 6,086 + 0,062 6,092 + 0,062
25,05 + 0,105 6,170 + 0,086 - 6,129 + 0,084 6,135 + 0,084
26,15 + 0,090 6,296 + 0,056 =" 6,254 + 0,054 6,260 + 0,054
27,22 + 0,080 6,457 + 0,076 —"- 6,414 + 0,074 6,420 + 0,074
28,28 + 0,075 6,513 + 0,104 . R 6,470 + 0,101 6,476 + 0,101
Savin et al.[34] 0,89 3,026 + 0,070 —;’zp(zsch)=3,772 3,013 + 0,070 3,019 + 0,070
0,96 3,005 + 0,060 2,992 + 0,060 2,998 + 0,060
0,99 3,011 + 0,060 2,998 + 0,060 3,004 + 0,060
1,03 3,049 + 0,046 3,036 + 0,046 3,042 + 0,046
1,07 3,009 + 0,046 2,996 + 0,046 3,002 + 0,046
1,10 3,053 + 0,046 3,040 + 0,046 3,046 + 0,046
1,14 3,089 + 0,047 3,076 + 0,047 3,082 + 0,047
1,17 3,066 + 0,046 3,053 + 0,046 3,059 + 0,046
1,22 3,061 + 0,046 3,048 + 0,046 3,054 + 0,046



TADLE 5 continued

Leference Erergy ';exp Sterdard D (*) J_t’otal_ =

(Mev) renormalized . Yp T4
Savin et al.[24] 1,26 2,984 + 0,045 5% (252cr)=3,772 2,971 + 0,045 2,977 + 0,045
1,30 3,021 + 0,045 3,008 + 0,045 3,014 + 0,045
1,24 3,129 + 0,047 3,116 * 0,047 3,122 + 0,047
1,39 3,218 + 0,C47 3,105 + 0,047 3,111 + 0,047
1,49 3,138 + 0,047 3,125 + 0,047 3,131 + 0,047
1,54 3,165 + 0,047 3,151 + 0,047 3,157 + 0,047
1,60 3,135 + 0,045 3,122 + 0,045 3,128 + 0,045
1,66 3,100 + 06,045 3,087 + 0,045 3,093 + 0,045
1,72 3,142 + 0,047 3,129 + 0,047 3,135 + 0,047
1,78 3,203 + 0,048 3,189 + 0,048 3,195 + 0,048
1,85 3,217 + 0,048 3,203 + 0,048 3,209 + 0,048
1,91 3,220 + 0,048 3,206 + 0,048 3,212 + 0,048
1,97 3,243 + C,048 3,229 + 0,048 3,235 + 0,048
2,05 3,163 + 0,047 3,149 + 0,047 3,155 + 0,047
2,14 3,176 + 0,047 3,162 + 0,047 3,168 + 0,047
2,23 3,230 + 0,048 3,216 + 0,048 3,224 + 0,048
2,36 3,227 + 0,048 3,213 + 0,048 3,219 * 0,048
2,49 3,310 + 0,049 3,296 + 0,049 3,302 + 0,049
2,59 3,304 + 0,045 3,290 + 0,049 3,296 + 0,049
2,67 3,338 + 0,057 3,324 + 0,057 3,330 + 0,057
2,79 3,320 + 0,056 3,306 + 0,056 3,312 + 0,05
3,01 3,364 + 0,057 3,350 + 0,057 3,35 + 0,057
3,21 3,415 + 0,061 3,400 + 0,061 3,406 + 0,061



TABLE 5 continued
' Referenge Energy Vexp .Standard o (%) ..iftgtal =
L (Mev) renormalized p t9g
Savin et al.[34] 3,34 3,395 + 0,061 w’sp(2520f)=3,772 3,381 + 0,061 3,387 + 0,061
3,52 3,387 + 0,061 3,373 + 0,061 3,379 + 0,061
3,72 3,379 + 0,067 3,365 + 0,067 3,371 + 0,067
3,94 3,439 * 0,075 3,424 + 0,075 3,430 + 0,075
4,05 3,579 + 0,078 3,564 + 0,078 3,570 + 0,078
4,23 3,558 + 0,089 3,543 + 0,089 3,549 + 0,089
4,35 3,551 + 0,089 3,536 + 0,089 3,542 + 0,089
4,49 3,661 + 0,091 3,645 + 0,091 3,651 + 0,091
4,70 3,684 + 0,110 3,668 + 0,109 3,674 + 0,109

(#) Renormalization value

7P (%%r) = 3,756



TABLE 6
Available experimental data on -B'(ZBBU)

'Re ference Energy Jexp Standard ¥V renormalized v .total =
(MeV) ' originally used ' p
ISmirenkin et al.[40] 4,0 3,00 + 0,11 ’f/_th(233[]>= 2,55 2,92 + 0,11 2,93 + 0,11
15,0 4,33 + 0,16 - -+ 4,21 + 0,16 4,22 + 0,16
Kalashnikova e‘gBal. 1,8 2,69 + 0,06 P '
Diven et al. %18% 0,08 2,585+ 0,062 D, (*%)-2,46 2,530+ 0,062 2,540+ 0,062
Protopopov et al.[69714,8 4,35 + 0,40 P (233U)=2,52 4,28 + 0,40 4,29 + 0,40
Engle et al[70] 1,45 2,71 + 0,08 th 2,71 + 0,08 2,71 + 0,08
Flerov et al[41] 14,0 4,23 + 0,24 Gin(233u)=2,85 varns 4,23 + 0,24 4,23 + 0,24
Vasil'ev et al(71] 14,3 4,20 + 0,30  ©°3in - 0p=0,2 barns
Bopkins et al [4] 0,280+0, 090 2,489+ 0,033 9;"(25ch)= 3,771 2,479+0,033 2,486+0,033
0, 440+0, 080 2,502+ 0,033 ~N— 2,492+0,033 2,499+0,033
0.980+0, 050 2,553+ 0,035 - 2,543+0,035 2,550+0,035
1,080+0,050 2,510+ 0,030 - . 2,500+0,030 2,507+0,030
3,930+0,290 2,983+ 0,040 —e 2,971+0,040 2,978+0,040
Colvin et al[72] 0,58 2,47 + 0,05 5;}’(252(:1*) = 3,780+ 2,45 40,05 2,46 +0,05
0,93 2,56 + 0,05 e 2,54 +0,05 2,55 +0,05
1,49 2,52 + 0,10 . 2,50 +0,10 2,51 +0,10
2,12 2,575+ 0,050 ' 2,56 10,05 2,571 +0,05
2,58 2,81 + 0,06 = 2,79 +0,06 2,80 +0,06
Mather et al[37] C,960+0, 205 2,532+ 0,040 ;;p( 252:r)=3,782 2, 515+0, 040 2,522+0,040
1,980+0,145 2,639+ 0,037 —t_ 2,621+0,037 2,628+0,037
3,00040,115 2,855+ 0,042 e 2,835+0,042 2,842+0,042
4,000+0,090 2,923+ 0,047 ~te 2,903+0, 047 2,910+0,047



TABLE € continued

Reference rnergy D exp Standard 3 renormalized Dtotal =0 +D
(¥ev) ' originally used. : ' p d

Kuzretsov et al[73] 0,08  2,40940,030 5(Ea)(P320)=2,462 2,481 + 0,030 2,481 + 0,030
0,20 2,467+0,031 vin/ (3n)=1,013 2,459 + 0,031 2,459 + 0,031
0,30 2,442+0,027 O 2,434 + 0,027 2,434 + 0,027
0,40 2,462+0,025 -t 2,454 + 0,025 2,454 + 0,025
0,50 2,472+0,027 —e 2,464 + 0,027 2,464 + 0,027
0,60 2,45140,028 e 2,483 + 0,028 2,483 + 0,028
0,70 2,516+0,029 —n_ 2,508 + 0,029 2,508 + 0,029

* The following values were used 1or renormalization:

- 23 17 - — -
yih (%) - 2,4866, (%) = 2,480, F{N20) - 2,4229, 3 M(P) = 2,00m, 5P - 3,165, FER(PPer) - 3,756



LYo

TABLE 7
fvailadble experimental data on the energy dependerce of v for 24oPu

ke ference Erergy ~ exp Stardard P (*) ¥ i{otal

renormalized -7 4 >

o) d
Xuzminov [45] 3,65 3,25 + 0,15 i-‘t’h(239pu)= 2,90 3,22 + 0,14 3,23 + 0,14
15,0 4,4 + 0,2 - 4,36 + 0,20 4,37 + 0,20
De Urcey et 21{46] C,1 2,89 + 0,19 T{u’h(235u)= 2,414 2,88 + 0,19 2,89 + 0,19
1,0 2,35 + 0,35 == 2,54 + 0,35 2,55 + 0,35
1,6 3,26 + 0,12 ~r— 3,05 + 0,12 3,06 + 0,12
Savin et al.l32] 1,08 3,138+ 0,136 sz(252cf)= 3,772 3,125+ 0,155 3,134+ 0,155
1,15 2,221+ 0,161 3,207+ 0,160 3,216+ 0,160
1,23 3,018+ €,120 3,005+ 0,129 3,014+ 0,119
1,31 3,038+ 0,106 : 3,025+ 0,105 " 3,034+ 0,105
1,39 3,037+ 0,186 3,024+ 0,105 3,033+ 0,105
1,46 3,051+ 0,112 3,038+ 0,111 3,047+ 0,111
1,54 3,192+ C,102 3,178+ 0,101 3,187+ 0,101
1,62 3,260+ 0,097 3,246+ 0,096 3,255+ 0,096
1,71 3,170+ ©,095 3,156+ 0,095 3,165+ 0,095
1,81 3,264+ 0,091 3,250+ 0,091 3,259+ 0,091
1,52 3,238+ 0,090 3,224+ 0,089 3,233+ 0,089
2,02 3,175+ 0,104 3,161+ 0,103 3,170+ 0,103
2,15 3,151+ 0,104 3,138+ 0,103 3,147+ 0,103
2,29 3,280+ 0,114 3,266+ 0,113 3,275+ 0,113
2,39 3,262+ 0,114 3,248+ 0,113 3,257+ 0,113

2,50 3,435+ 0,127 3,420+ 0,126 3,429+ 0,126



l!/

-Reference Tnergy ~ exp Stondard 2p (%) _Ptotel
renormalized =¥p T7¥g

Sevin et 22.[34]  2,£2 3,367+0,134 23{2520-?)%.772 3,353+0,133 3,362+0,133

2,74 3,307+0,133 3,313+0,132 3,32240,132

2,588 3,450+0,138 3,435+0,137 3,444+0,137

3,02 3,423+6,143 3,408+0,142 3,417+0,142

3,18 3,4844C,156 3,469+0,155 3,47840,155

3,33 3,5C13C,157 3,486+0,156 3,495+0,156

3,72 3,4C6+C,170 3,391+0,169 3,400+0,169

3,94 3,5€7+0,200 3,492+0,199 3,501+0,199

(*) Renormnlizoticr velues

52 (%) - 3,756 + 0,000

1

72 (P3%) = 3,407 + 0,000

5P (23%%u) = 2,874 + 0,000



~) - 241
R Lvailable cxporimental daia on the energy dependence of Vior Pu
' Tz furence Lnerey ISP 49 Standard - pi¥) -+~ totel =
' (ier) renormalized 17p t 7y
;252 -
Condé et ai.[44] 0,52 + ¢,02 2,65 + C,11 Dgp\ 92:£)3,764 2,88 + 0,11 2,69 + 0,11
2,71 + 0,01 3,37 = 0,11 3,36 + 0,11 3,37 + 0,11
4,19 + C,02 3,50 + G,10 3,49 + 0,10 3,49 + 0,10
5,88 + C,12 3,84 + 0,12 3,83 + 0,12 3,83 + 0,12
14,8 + 0,2 5,02 + 0,14 50 + 0,14 5,01 + 0,14

(#) Penormalization value

7P (P - 3,756 + 0,000



(3} haytianl
TABLT

7’ﬁvailable experimental data oan ¥ for the spontanecus fission of 240Pu
Reference. 'ﬂéxo Standard 5P renormalized ‘fzioia%;;
Serre [47] 2,31 + 0,3 -
Barclay et al.[48] 2,84 + 0,26 Ra-Be Source
Carter {49] 2,22 + 0,11 -
¥artin et al.[50] 2,20 + 0,05 - .
Sanders [51] 0,759+ 0,028 -x’/th(239Pu)= 1 2,181 + 0,080 2,187 + 0,080
Carter et al.[57] 2,20 + 0,03 -
Kalashnikova [ 53] 2,20 + 0,09 Calibrated n-scurce
Johnstone [43] 2,21 + 0,13 Calitrated n~source

Crare et al.[54]

Diven et al.[18]

Yeat et al.[8]

Tiven et al.[23]

Asplund-Nilson et al.
[55]

Licpkins et al.[4]

Colvin et al.[2]

Baron et al.[5C]

Boldeman [ 57

2,09 + 0,11
2,257+ C,045
2,13 + 0,05
2,187+ 0,036

2,154+ 0,028

2,189+ 0,026
(0,888+ 0,005)
2,153+ 0,020
2,168+ 0,009

2,22 + 0,12
2,208+ 0,044
2,16 + 0,05
2,180+ 0,036

7 ap 2,130+ 0,028
—fzzp(252Cf) 3,771 2,181+ 0,026
s2(P0) - 1 2,172 0,012
fls’p(252<:f) 3,782 2,139+ 0,020
igp(zszw) 3,784 2,153+ 0,009

2,229 + 0,12
2,217 + 0,044
2,169 + 0,05
2,189 + 0,036

2,139 + 0,028

2,190 + 0,026
2,146 + 0,012
2,148 + 0,020
2,162 + 0,009

Averaged value

= 2,150+ 0,015

2,159 + 0,015

(*) Renormalization values. See table 7T



ey

-TAELE 10

Eﬁéilable cxperimental data on ¥ for the spontaneous fission of 242Pu
fHeference 7 exp Standard TP (%
: renormalized
" - - [ D) -D 252, .y
Crane et al.[54] 2,32 + 0,16 ol TTCE) = 3,53 2,47 + 0,17
Hicks et 2l1.[58] 2,18 + 0,09 17;;;)<24.013u) = 2,257 2,08 + 0,09
- ng, -—
Eoldeman [57] 2,157+ C,C09 B :gp(c.,QCf) = 3,784 2,142+ 0,009
- 4
Prokhorova [ 59] 2,13 + 0,05 7 gp(24'0m) = 2,71 2,12 + 0,05

Lverzged value =

2,141 + 0,011

(#) Renormalization values

;:p (2%ce) - 2,756 + 0,000

sz (?%0py) - 2150 + 0,000

2,691 + 0,000

- 244
1l§p ( 4Lm)

I+



JABLE 11

- 2
Lvaileble experimental datz on V{or the spontareous fission of 44Cm.
Reference exp Standard (*)
renormalized
232\ -
Yicks et 2l.[60] 2,66 + 0,11 T ) = 3,53 2,83 + 0,12
Hicks et al.[58] 2,84 + 0,09 .;Sp(QLlOPu) = 2,257 "~ 2,70 + 0,08
Crare et al.[54] 2,61+ 0,13 Calibrated n-source
n 2/
Diven et al.[1E] 2,810 = 0,059 ) - ';p(d“"opu) = 2,297 2,677+ 0,056
SP" o,
Bolshov et al.[61] 2,71 + 0,0z 52 (*%u) = 2,17 2,68 + 0,024
Jaffey et al.[62] 2,692 + 0,024 (a) 2,692+ 0,024
- _ 235,.
Zemyatnin et al.[63] 2,77 -+ 0,08 © 79.(5%0) = 2,426 2,75 + 0,08
averaged value = 2,691+0,032

(*) Rerormelization values

=4
o (2%%c£) = 3,756 + 0,000
v ‘;p (?4%4) = 2,150 + 0,000

3 (23%) = 2,407 + 0,000

233U, 235U and

(a) Tne reported valve is an average of several determinations, in which the .thermal {% values of

252

3 -
2"9Pu and 720 ( Cf) were used as standards.
I .



TAELE 12

24C

Raetics for the prompt neutron yield in the sponteneous fission of Pu

Teferences

Vsp (240Fy)

7 op (4920F)

i7Sp (240Pu
- Z
7 4y (50)

<

sp ( 240}“11)

<

in \239F)

Sanders [31]

Crane et al. [54]
Diven et al. [18€]
Foat et al. [8]

0,592 + 0,031
0,5833+0,0116+0,0118
0,577 #+0,019

0,9175+0,0183

0,757 + 0,028 (*)

teplund-Kilsson et »1.[55] 0, 5662+0,0073

lizpkins et al. (4] 0, 5805+0, 0050 ,9027+0,0107+0, 0074 0,7732+0,0092+0,0076
Colvin et 2l. [2] 0, 5704+0,0032+0,0026 0,888 +0,005 (*) 0,7513+0,0042+0,0020
Lzron et al. [v6] 0,5693+0,053

Toldeman (5717 0, 57290, 6023 0,8700+0, 0036+0,0029 0,7465+0,0031+0,0020
tverope values 0, 5730+0, 0039 G,8838+0,0325 0,7495+0,0073

G’Ep (240Pu) deduced values

)

2,153 + 0,021

2,127 + 0,084

2,154 + 0,021

(24

P OFu) weighted mean

- P
V5

2,153 + 0,023

(*) Zuihors' reported values

(**) For standards used see table 7



TABLE 13

Ratios for the prompt neutron yield in the spontanebus fission of 242Pu
References v (242}’11) D242 v (242
. 5D Y sp(_""Pu) _ sp(~ " Pu)
T gpt - 7L ¥ 5p(230Pu) 7 sp( 244Pu)
Crare et al. [54] 0,65 + 0,045 1,1100+0,077+0,058
Bicks et al. [58] 0,571 + 0,023 + 0,018 0,966 +0,040 0,768 + 0,032 + 0,024
Boldeman [57] 0, 5700+ 0,0023 (*) 0,9949+0,0041+0,0041
Prokhorcva et al. [59] 0,983 +0,020 0,787 + 0,016 (*)
Averaged values 0,5702+ 0,0025 £ 0,9926+0,0079 0,7864+ 0,019
5P (%4%py) deduced \(12.3;‘.568 2,142 + 0,016 2,134 +0,043 2,14 +0,12
-6§p (242Pu) weighted mean = 2,141 + 0,0él

(#) ~uthors' repcrted values

(**) For standards used see table 10



" Ratios for the prompt neutron yield in the sponisnecus fission of 2480
e 244, _ 2 - 2
feferences Voo (“*4em) ¥ oo ( 44Cm) 1'527( 44Cm)
- ) = — v
Vsp (22%ct) 7 tn (%) 7 gp (“TPU)
Crane et al. [54] 0,741 + 0,037 + 0,034 ' 1,249 + 0,062 + 0,066
Hicks et al. [60] 0,741 + 0,031 (*)
Hicks et al. [ 58] : 1,245 + 0,026 + 0,025
Diven et al. [18] 0,7263+ 0,0152+0,0147 1,1423 + 0,0239
Bol'shov et al. [61] 1,250 + 0,018 (*)
Jaffey et al. [62] 0,720 + 0,020-(*) 1,120 + 0,010 (*)
Zamyatnin et al. [63] 0,734 + 0,021 + 0,016 1,142 + 0,033
Averaged valucs 0,728 + 0,028 1,125 + 0,013 1,251 + 0,028
;‘S’p (244(Jm)deduccd 2,735 + 0,113 ' 2,708 + 0,038 2,690 + 0,092
values (**)
4;Zp (244Cm) weishted mean = 2,708 + 0,051

(#) Author reported values

(**) For standards used see table 11



A 3\

TABLE 15

Available experimental date on ¥ for the spontaneous

fission cf the remaining heavy isotopes

Isotope Refercnce v exp Standard 7 renormalized (*)
232 ce
Th F.R.Badlay et al.[88] 2,37 + 0,14 '»Zp(U_)__ 2,13 + 0,14
238, Kuzminov et al.[64] 2,1 +0,1 7 sp(”’Opu') = 2,26 1,98 + 0,96
Lercy [42] 2,10 + 0,08 FP.(P0) = 2,4 2,05 + 0,08
fsplund-Yilsson 1,97 + 0,07 2 (*%%cr) = 3,80 1,95 + 0,07
et al. [55] . P
Averaged value 1,99 + 0,07
236y Crane et al.[54] 1,89 + 0,20 {;‘s’p(zsch) = 3,52 2,03 + 0,21
Hicks et al.[58] 2,30 + 0,19 _P (240Pu) = 2,257 2,19 + 0,18
sp
Averaged value = 2,12 + 0,19
238, Crane et al.[54) 2,04 + 0,13 —ng(2520f) = 3,52 2,18 + 0,014
Hicks et al.[58] 2,33 + 0,08 sp(24opu) = 2,257 2,22 + 0,07
Averaged value = 2,21 + 0,09
242, Crane et al.[%4] 2,33 + 0,11 5 zp(252Cf) = 3,52 2,48 + 0,12
Hicks et al.[58] 2,65 + 0,09 -pgp(24oPu) - 2,257 2,52 + 0,08
Jaffey et al.[62] = 2.51 .;gp(2440m) = 2,69 2,51

Averaged value

2,51 +

0,10



TABLE 15 continued

Isotope . Reference 7 exp Standard ~ renormalized © (*)
269y, Pyle [£9] 5,67 + 0,16

246 ¢ Pyle [89] 2,88 + 0,19

254cs Pyle [89] 3,90 + 0,14

25 m Choppin et al.[90] 4,05 + 0,19 ‘17Sp(2520f) - 3,82 3,98 + 0,14

(¥)Pur stardards used see tables 10 and 11
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