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Prompt fission neutron spectra from 235U and 239Pu were measured for incident neutron energies
from 1 to 200 MeV at WNR/LANSCE, and the experimental data were analyzed with the Los
Alamos model for the incident neutron energies of 1-8 MeV. A CEA multiple-foil fission chamber
containing

deposits of 100 mg 235U and 90 mg 239Pu detected fission events. Outgoing neutrons were detected
by the FIGARO array of 20 liquid organic scintillators. A double time-of-flight technique was used
to deduce the neutron incident energies from the spallation target and the outgoing energies from
the fission chamber. These data were used for testing the Los Alamos model, and the total kinetic
energy (TKE) parameters were optimized to obtain a best fit to the data. The prompt fission
neutron spectra were also compared with the evaluated data in ENDF/B-VII.0. We calculate
average energies from both experimental and calculated fission neutron spectra.

PACS numbers: 25.85.Ec, 24.75.+i

I. INTRODUCTION

When a nuclear fission reaction occurs, the immediate
products are usually two highly excited fission fragments,
which then decay by emitting several prompt neutrons
and γ-rays. This de-excitation process is a compound
nuclear reaction, and the prompt neutron energy spec-
trum can be understood as a sequential emission of neu-
trons from these moving fragments [1]. The Los Alamos
(or Madland-Nix) model [2] has been commonly and suc-
cessfully used over the years to predict the prompt fission
neutron spectrum called χ, and the average number of
prompt neutrons per fission ν, as functions of both the
fissioning nucleus and its excitation energy. Both of these
quantities are averaged over the distribution of initial fis-
sion fragments. The experimental neutron-emission data
can serve as a test of the Los Alamos model, which is
widely used in nuclear technology. In addition, the data
provide valuable information on the fundamental under-
standing of the neutron induced fission process.

The Los Alamos model was originally developed with
0.53, 0.60, and 7.0-MeV incident neutron data [3–8] for
235U and 239Pu from mono-energetic neutron source ex-
periments. Although the model is used for these and
other actinides over a wide range of incident neutron en-
ergies, only a few experiments have been performed above
1 MeV. Boykov et al. [9] measured the prompt fission-
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neutron spectra at 2.9 and 14.7 MeV for 235U. Knitter
et al. measured the fission neutron spectrum for fission
induced by neutrons of 1.5, 1.9, and 2.3 MeV neutrons
on 235U [10] and 0.215 MeV neutrons on 239Pu [11]. Sta-
ples et al. [12] measured prompt fission neutron spectra
at 0.5, 1.5, 2.5, and 3.5 MeV for 235U and 239Pu. Experi-
mental average kinetic energies are also available [13–15].
Except for some measurements made before 1970, these
data constitute the experimental database for neutron-
induced fission of these isotopes. There are large gaps in
the experimental data, especially for 239Pu but also for
235U, both for incident neutron energies and for impor-
tant parts of the outgoing neutron spectra (e.g. below
1 MeV and above 8 MeV). Furthermore, if the fission
neutron spectrum varies slowly with incident neutron en-
ergy as predicted by several models, some data sets are
inconsistent with others. Because of these deficiencies
in experimental data, evaluated data files inevitably rely
on models to predict the spectra. These models rest on
model parameters that are obtained by the best fits to
the scarce experimental data.

The above-referenced data are based on mono-
energetic neutron sources, for example, those based on
DD and DT reactions [9], the P+T reaction [10], and
the 7Li(p,n) reaction [11, 12]. Generally these mono-
energetic neutron sources are intense, but for such neu-
tron facilities, each incident neutron energy corresponds
to a separate experiment with potential systematic effects
from possible instabilities in the detectors and electron-
ics. Another limitation of some of the previous measure-
ments [10–12] is that thick samples of actinides were used
and only fission neutrons above the incident neutron en-
ergy were detected. Our approach is to address both of
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these issues with the use of a continuous (“white”) source
of incident neutrons and an ionization chamber to detect
fissions. The white source enables measurements at all
incident energies in one experiment. The ion chamber
identifies fissions so that fission neutrons could be de-
tected both below as well as above the source neutron
energy.

The WNR facility at the Los Alamos Neutron Sci-
ence Center (LANSCE) [16, 17] produces a continuous-
in-energy spectrum of neutrons by spallation reactions of
the pulsed 800-MeV proton beam on a tungsten target.
The produced neutrons induced fission reactions in a fis-
sion ionization chamber that contained samples of both
235U and 239Pu. Ratios of the fission neutron spectra
from these two isotopes could therefore be obtained in a
single experiment.

The present measurements were carried out at the FI-
GARO (Fast neutron-Induced GAmma-Ray Observer)
array [18] at WNR/LANSCE. Ethvignot et al. [19, 20]
performed a similar experiment with an earlier version of
FIGARO. They reported average energies of the prompt
fission neutron spectra from 235,238U up to 200 MeV us-
ing fission ionization chambers that contained about 380
mg of pure 238U in one chamber and 348 mg of 235U in
the other. In the present measurement, the fission ioniza-
tion chamber contained smaller amounts of the samples,
100-mg 235U and 90-mg 239Pu, but the array of neu-
tron detectors was increased in number from 6 to 20. By
having both 235U and 239Pu in the same fission ioniza-
tion chamber, information on the relative fission neutron
spectra for these two isotopes could be obtained.

The fission neutron spectra of 235U and 239Pu were
measured here for incident neutrons in the range 1 to
200 MeV. In this paper, we report the data below 8 MeV
in order to focus mainly on “first-chance fission,” which
can be described by a relatively simple model calcula-
tion. The experimental results are compared with the
evaluated data in ENDF/B-VII.0 [21]. Using the Los
Alamos model, we fit the experimental fission neutron
spectra with the total kinetic energy (TKE) parameter.
We compare the average kinetic energies of the prompt
neutrons that were obtained from the experiments, the
ENDF/B-VII.0 data, and the Los Alamos model calcu-
lations. An extensive presentation of the experimental
details and results is given in an available report [22].

II. EXPERIMENT

A. Experimental Setup

The experiment was carried out using the FIGARO fa-
cility at WNR/LANSCE. The incident neutron beam at
WNR is produced by the 800-MeV proton beam, bunched
to 200 ps, striking a tungsten target. The produced neu-
trons have a spallation spectrum ranging from 0.1 MeV to
several hundred MeV. For this experiment, the energies of
neutrons incident on the fission chamber were measured

FIG. 1: The CEA fission chamber, showing the coaxial signal
feedthroughs.

by the time of flight between the neutron-production tar-
get and the fission chamber over a 22.74 m flight path.
To suppress low energy neutrons, attenuators of 1.27 cm
of Pb and 1.27 cm of polyethylene (CH2) were placed
in the beam about 6 m from the source. The neutron
beam was collimated to 2.8 cm in diameter by a series of
CH2, Cu and Pb inserts ending 0.83 m before the fission
ionization chamber.

The multi-plate fission ionization chamber [23] (pic-
tured in Figs. 1 and 2), which was fabricated in 1968
by CEA in France, contained the target materials. The
actinides, 235U and 239Pu were deposited on 0.125 mm
thick platinum backings, which served as electrodes in
the fission chamber. For 235U there were eleven such
electrodes, and for 239Pu there were the same number.
The electrodes for the 235U foils were connected in par-
allel internally in the chamber. Separately, those for the
239Pu foils were similarly connected. A fission signal from
one or the other set of foils had four functions. It trig-
gered the data acquisition; it indicated which actinide
fissioned; it served as the stop signal for time of flight for
neutrons from the production target, from which the in-
cident energy was calculated; and it was the start signal
for measuring the time of flight of fission neutrons to the
neutron detector, which gave the fission neutron energy
for that event.

The FIGARO array of twenty neutron detectors is used
to detect the fission neutrons (see Fig. 3). These detec-
tors are Eljen EJ301 liquid organic scintillators, 12.5 cm
in diameter and 5 cm thick, each being viewed by a
Hamamatsu R1250A 5-inch photomultiplier tube. The
distance between the fission chamber and each neutron
detector was measured accurately and was approximately
1 m for each neutron detector. The EJ301 scintillator,
which is very similar to NE213 and BC501A, has differ-
ent responses to neutrons and γ-rays; it uses the higher
linear energy transfer (LET) of recoil protons from n-p
interactions as opposed to lower LET from fast electrons
produced by γ-rays to produce signals of different shape.
Neutrons incident on the scintillator were separated from
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FIG. 2: The CEA fission chamber, showing the overall ap-
pearance.

FIG. 3: The FIGARO array consists of twenty EJ301 neutron
detectors and a BaF2 γ-ray detector.

γ-rays by pulse-shape discrimination (PSD).
In addition to the neutron detectors, γ-ray output from

fission events can be investigated with a BaF2 scintillator.
The γ-ray detector is located at 90 degrees relative to
the beam direction on the opposite side of the neutron
detectors. A 5-cm thick block of CH2 is placed in front of
the scintillator to reduce the number of neutrons reaching
the γ-ray detector. In this study, the γ-ray detector was
used to calibrate the efficiency of the neutron detector
with a 252Cf source as described below.

To determine incident and emission neutron energies,
a double time-of-flight method was used. All times, those
of the fission chamber and the neutron detector signals,
were measured relative to the proton beam pulse at the
neutron production target. Thus the fission neutron time
of flight (and therefore its energy) was determined by
subtracting the TDC (Time-to-Digital Converter) output
for the fission chamber from that of the neutron detector.

The foreground data analyzed for this work were taken
in 338 hours of beam time at WNR/LANSCE with typ-
ical proton beam current of 1.8 microamperes. In

addition, background data with “fake fission” triggers
(see below) were taken for an additional 65 hours.
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FIG. 4: An example of efficiency of one of EJ301 neutron de-
tectors. The histogram is the result of 252Cf experiment, and
the dotted curve is the SCINFUL-QMD calculation. Statisti-
cal uncertainties account for fluctuations in the experimental
data.

B. Calibrations

The neutron detectors were originally set up with a
60Co calibration source to set the discriminator thresh-
olds at 30-keV electron equivalent energy. Because of the
non-linearity of the response to proton recoils from the
n-p scattering, this 30-keV electron equivalent level cor-
responds to a threshold of 300-keV proton-recoil energy
and a lower limit for the energy of the detected neutrons
of 300 keV [24].

The efficiency of the neutron detectors was determined
using a 252Cf spontaneous fission neutron source placed
on top of the fission chamber to give direct fission neu-
trons as well as the small number that are down-scattered
by the chamber materials. Fission events from this source
were indicated by γ-rays detected by the BaF2 scintilla-
tor. We measured the efficiencies of each neutron detec-
tor with the 252Cf source, and an example is shown in
Fig. 4. To model the efficiency and to reduce the statis-
tical uncertainties, the SCINFUL-QMD code [25, 26] was
used. A threshold energy in the response function was
searched to obtain the best agreement with the 252Cf data
in the energy range 0.5–1.5 MeV, where we believe the
252Cf data are reliable. Above 6 MeV, the background
subtraction is significant and introduces a further system-
atic uncertainty. However, given the best fit to the 252Cf
data (see e.g. Fig. 4) we can have confidence in adopt-
ing the SCINFUL-QMD calculations for the efficiencies
of the detectors.

III. ANALYSIS

The fission chamber produces signals by both fission
events and α-decays. First we recorded all ADC and



4

TDC outputs, which may contain the α background. A
gate is set on the fission signal pulse height to start mea-
suring the energies for both incident and outgoing neu-
trons. The time relative to the neutron spallation source
pulse gives the energy of incident neutron, which is cal-
culated as

En = mnc2

{

1
√

1 − β2
− 1

}

, (1)

β =
l

c∆ch × k + l
, (2)

where mn is the neutron rest mass (939.565346 MeV),
l is the distance between the spallation source and the
fission chamber (22.74 m), ∆ch is the number of channels
between the gamma-flash from the neutron-production
target and the TDC channel in the time-spectra, k is
the time per channel (0.5 ns/ch), c is the speed of light
(2.99792×108 m/s).

Because the statistics of coincident fission and fission-
neutron events are low for this measurement, the contri-
bution of background events in the time-difference spec-
tra (difference between two time-spectra) can be signif-
icant even after we apply PSD cuts. The main back-
ground source is thought to be scattered neutrons from
materials of the fission chamber, such as the platinum
backings, or from backgrounds in the experiment room.
These neutrons can result in accidental coincidences with
the fission chamber pulses. To estimate the background,
we generate a “fake-fission” signal with a pulser. Keep-
ing the experimental set up as is, we do not take a signal
from the fission chamber but instead put pulses (∼10
kHz) from the pulser into the electronic circuits in place
of the real fission signal so that the contribution of back-
ground neutrons can be quantified. This pulser rate was
much higher than the rate of real fissions, and therefore
the statistics in the “fake-fission” runs were much better
than those of real fissions. The background measure-
ments were done with the beam on, as the background
rate varies with time after the neutron source pulse. The
pulser was not correlated in time with the beam pulse
so that it randomly sampled the various incident neu-
tron times of flight. The background could thereby be
quantified for each incident neutron energy in one run.

In our experiments, the foreground statistics are poor
and there are some zero counts in the energy-binned fore-
ground spectra, so that it may be inappropriate to as-
sume Gaussian distributions for the data. The error-bars
of foreground events are estimated with RooFit [27] using
the Poisson distribution, which is not symmetric. Here
we describe the upper side of the error-bar, ∆NF,high and
the lower side, ∆NF, low.

The background statistics are thought to be good
enough to assume the Gaussian distribution. In normal-
izing the fake-fission background, the uncertainties are
determined at every TDC channel of the fission cham-
ber. We assume that the statistical distributions of fake-
background neutrons are Gaussian with the uncertainty

FIG. 5: Assumed error propagation.

of ∆NBKG.
In subtracting the background from the foreground, a

proper treatment of the uncertainties needs to be consid-
ered. Generally Poisson distributions cannot be treated
correctly assuming that they are Gaussian. In this anal-
ysis we consider the asymmetric property of Poisson dis-
tributions by separating the error-bars as follows:

∆Nhigh =
√

(∆NF, high)2 + (∆NBKG)2, (3)

∆Nlow =
√

(∆NF, low)2 + (∆NBKG)2, (4)

where ∆Nhigh and ∆Nlow are the uncertainties of upper
and lower sides after error propagation. Note that σhigh+
σlow in a Poisson distribution contains 68% confidence,
which is approximately the same as ±1σ in a Gaussian
distribution. This is schematically shown in Fig. 5.

First the data were binned in bins 1-MeV wide of
the incident neutron energy in the energy range 1 to
8 MeV. We converted the time-difference spectra into en-
ergy spectra, using the fission-gamma peak in the time-
difference spectrum as the time fiducial.

The detected counts as a function of fission neutron
energy were multiplied by 1/ǫ, where ǫ is the neutron
detector efficiency calculated with SCINFUL-QMD. The
data were then binned into a common energy bin scale
for each individual detector and then combined into a
total fission neutron spectrum.

The data for the emitted neutrons were then rebinned
in order to improve the statistical uncertainty in each
bin. Initially, because the experimental neutron spectra
were directly

converted from the time spectra channel by channel,
the bins had variable widths of the outgoing neutron en-
ergy. As an example, the open circles in Fig. 6 show the
235U fission spectrum for the neutron incident energy of
1–2 MeV detected by one of EJ301 neutron detectors.
Some of these bins have negative values, when the
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FIG. 6: Measured 235U fission neutron spectra for the neutron
incident energy of 1–2 MeV. Outgoing neutron energies above
1 MeV, where neutron-gamma separation is clean, are plotted.
The black open circles are the data binned in variable widths
of outgoing neutron energy; negative values, where the back-
ground is greater than the foreground are not plotted. The
red closed squares are the rebinned data in 1-MeV width.

background was larger than the foreground, and, al-
though these points are not plotted on the semilogarith-
mic scale, they were included in the rebinned data dis-
cussed below.

Rebinning the experimental data into wider energy
bins simply lowers the statistical uncertainties as σ =√

σ2

1
+σ2

2
+···+σ2

n

n
, where σi is the uncertainty on the i-th

bin data. To incorporate statistical fluctuations of the
experimental data into the estimate of uncertainties in
the averaged spectra in the wider energy bin, we calcu-
late the chi-square as

χ2

n
=

1

n

∑

i

(Ni − N)2

(∆Ni)2
, (5)

where the index i is for the measured data before rebin-
ning, n is the number of smaller bins in the wider bin,
Ni is a number of counts, N is an average count in the
measurement, and ∆Ni is given by Eqs. (3) and (4). We
calculate the chi-square values for each 1-MeV bin, and
when

√

χ2/n > 1 we multiply the error-bars by
√

χ2/n.
Chi-squares are calculated for the upper and lower er-
ror bars. Figure 6 compares the original 100-keV binned
data with the 1-MeV rebinned data.

Systematic uncertainties in the data include uncertain-
ties in the detector efficiencies, in separation of neutrons
and gamma rays by PSD, and in the background sub-
traction. The detector efficiencies are believed to be ac-
curate to about 5% in the relative efficiency as a function
of neutron energy. Near the threshold for neutron detec-
tion, this uncertainty is somewhat higher, but we believe
that, for the data reported here for emitted neutron en-
ergies above 1 MeV, the 5% uncertainty is appropriate.

The neutron-gamma discrimination is quite clean

for these neutron energies and so we believe that
the systematic uncertainty in defining the neutron and
gamma regions in the PSD is small.

Scattering of the fission neutrons from components of
the fission chamber has been analyzed by Monte Carlo
calculations [32]. The measurement is predicted to be
6% lower than the unscattered spectrum at 5 MeV and
7% lower at 8 MeV relative to the yield at 2 MeV. This
correction has not been made in the data presented here.
It is smaller than the uncertainties in the data in the
5–10 MeV range of emitted neutron energies. Because
the effects are basically the same for 235U and 239Pu,
there is no correction to be made to the ratio data. Any
additional systematic uncertainty we believe is small in
comparison to the statistical uncertainties.

Because this is not an absolute measurement but
rather a measurement of the shape of the fission neutron
spectra, we normalized the obtained spectra to compare
with other experimental data and with theoretical calcu-
lations. The normalization was performed by integrating
the experimental data in the 2.0–6.5 MeV emission en-
ergy range and setting this integral to unity. The theo-
retical model calculations are also normalized in the same
energy range for comparisons.

IV. RESULTS AND DISCUSSION

The experimental results for 235U and 239Pu are shown
in Figs. 7 and 8. The dashed lines are the evaluated fis-
sion spectra in ENDF/B-VII.0 [21], the solid lines are
our Los Alamos model calculation results, which we dis-
cuss below. All the experimental results, the ENDF/B-
VII.0 evaluated data and our model calculation results,
are normalized to unity by integrating the values in the
2.0–6.5 MeV emission energy range. Although the exper-
imental data have rather large uncertainties, the agree-
ment of the ENDF/B-VII.0 evaluations and our experi-
mental data is fair in general. Especially for the 1–2 MeV
neutron incident data, the Los Alamos model calculation
reproduces our data well up to 6-MeV outgoing neutron
energy for both 235U and 239Pu cases.

For many of the spectra, there seem to be excess fission
neutrons above 8 MeV. The predicted spectra drop off at
these higher emission energies, down from the peak near
1 MeV by a factor of 15 at 6 MeV and a factor of 60 at 8
MeV, for example, and backgrounds are more important
for these higher neutron energies. It is therefore difficult
to argue for the existence of an excess of high energy
fission neutrons from the present data.

The fission neutron spectrum in ENDF/B-VII.0 is cal-
culated with the Los Alamos model [2] as

χ(Eout) =
1

2
√

EfT 2
m

∫ (
√

Eout+
√

Ef )2

(
√

Eout−
√

Ef )2
σR(ǫ)

√
ǫdǫ
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FIG. 7: 235U fission neutron spectra averaged over 1-MeV incident energy intervals. The dashed curves are the Los Alamos
model calculations in ENDF/B-VII.0. The solid curves are the application of this model fitted to the present experimental
data, and a ±1σ error band in the calculations is indicated by the dotted curves. The spectra are normalized to unity by
integrating the spectra in the 2.0–6.5 MeV emission energy range.
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FIG. 8: 239Pu fission neutron spectra averaged over 1-MeV incident energy intervals. The dashed curves are the Los Alamos
model calculations in ENDF/B-VII.0. The solid curves are the application of this model fitted to the present experimental
data, and a ±1σ error band in the calculations is indicated by the dotted curves. The spectra are normalized to unity by
integrating the spectra in the 2.0–6.5 MeV emission energy range.
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×
∫ Tm

0

k(T )T exp(−ǫ/T )dT, (6)

where Ef and Tm are the average kinetic energy and the
maximum nuclear temperature of the fission fragments,
k(T ) the temperature-dependent normalization integral,
σR(ǫ) the inverse reaction cross section calculated with
the optical model. The maximum temperature Tm can
be related to the neutron binding energy Bn, the incident
energy Ein, the total energy release Er, and the total ki-
netic energy Ek, as aT 2

m = Er + Bn + Ein −Ek, where a
is the level density parameter of the compound nucleus.
Starting from the same model parameter values as used
in the ENDF/B-VII.0 evaluations, we adjusted the total
kinetic energy Ek to obtain the best fit to our experimen-
tal data, because χ(Eout) is most sensitive to Ek and Er.
The parameter fitting was performed with the Bayesian
model parameter estimation code, KALMAN [30].

The estimated Ek values for 235U and 239Pu are shown
in Figs. 9 and 10 as a function of the neutron incident
energy. The estimated uncertainties on Ek are typically
2–4%, which are somewhat larger than experimental data
in the literature. Madland [31] estimated the energy de-
pendence of Ek from experimental data available, and
obtained simple linear functional forms as

Ek = 170.93− 0.1544Ein MeV, (7)

for 235U, and

Ek = 177.80− 0.3489Ein MeV, (8)

for 239Pu, where the incident energy Ein is in MeV. These
systematics are also shown in Figs. 9 and 10 by the
dashed lines. Comparing our derived Ek values with the
systematics by Madland, relatively small deviations are
seen in the case of 235U. However, the difference reaches
7% for the 239Pu case. Although our data in Figs. 10
and 11 suggest TKE is energy dependent, as in Eqs. (7)
and (8), the least-squares analysis to the data gives dif-
ferent slopes with respect to incident neutron energy, es-
pecially for the 239Pu case, which becomes +1.60Ein with
an uncertainty of ±0.71Ein. This inconsistency could be
solved by combining more experimental and theoretical
information. We emphasize that the TKE parameter was
the only one adjusted in this work.

The calculated spectra with the obtained Ek values are
shown in Figs. 7 and 8 by the solid lines. The KALMAN
code also gives uncertainties on Ek. Putting Ek ± δEk

into Eq. (6), one can estimate the uncertainty bands of
the calculated spectra, which are also depicted in these
figures.

It is interesting to compare the fission neutron spec-
trum shape for 235U and 239Pu, because the emitted neu-
trons from 239Pu(n,f) could be more energetic than those
from 235U(n,f) due to the larger Coulomb energy in the
system. We calculated the ratios of the 239Pu fission
spectrum to those from 235U for both the experimen-
tal data and the Los Alamos model calculations, which
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FIG. 9: The estimated total kinetic energies Ek for 235U.
The dashed line represents the systematics obtained by Mad-
land [31].
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FIG. 10: The estimated total kinetic energies Ek for 239Pu.
The dashed line is the systematics obtained by Madland [31].

are shown in Fig. 11. Because our experimental data
are relative measurements, the absolute scale of the ra-
tio data is arbitrary. We renormalized the ratio data to
unity in the energy range 2–3 MeV for comparison pur-
poses. The model calculations were also renormalized in
the same way. For the ENDF/B-VII.0 evaluations, the
ratios increase monotonically with the neutron outgoing
energy. Our experimental data suggest that the increase
is small. We also observe the opposite tendency, such
as in the Ein =5–6 MeV case. We need more precise
data with higher statistics to investigate how the shapes
of prompt fission neutron spectra vary with energy and
with fissioning system. Such data should have significant
information to improve the Los Alamos model, because
the model itself does not have much freedom to change
the shape of spectrum.

Once the Ek values were derived from our experimental
data in the energy range of 2.0–6.5 MeV, the Los Alamos
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ity.

model was extended below 2 MeV and above 6.5 MeV to
obtain the average energy of the fission spectrum as

〈Ein〉 =

∫

χ(Ein)EindEin

∫

χ(Ein)dEin

. (9)

Ethvignot et al. [19, 20] obtained the averaged energies
by fitting the experimental spectra with Maxwellian func-
tions and then calculated the averaged energy from the
fit. In this study we employed the Los Alamos model
to extrapolate the spectra for the entire outgoing energy
region to obtain the average energies, which are shown in
Figs. 12 and 13. The deduced average energies agree well
with ENDF/B-VII.0 evaluations. In the evaluated data,
the average energy drops slightly above 5 MeV, which is
expected from the opening of the second-chance fission
channel. Our data neither confirm nor deny this predic-
tion due to the size of the experimental uncertainties. A
more quantitative result requires higher statistics in mea-
suring prompt fission neutrons. Nevertheless, the present
experimental data do support the Los Alamos model cal-
culations in ENDF/B-VII.0, at least within the assigned
uncertainties.

New measurements 239Pu prompt fission neutron spec-
tra have recently been performed by Chatillon et al. [33]
at the facility described here but with an improved fission
chamber and improved statistics. Although their exper-
imental data are still preliminary, further reduction in
uncertainties in the Los Alamos model calculations ap-
pear to be possible in the near future.
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FIG. 13: The average energies of 239Pu fission spectra calcu-
lated from fits to the present data (Present Calculation) for
the full range of emitted neutron energies compared with val-
ues from the ENDF/B-VII.0 evaluation. Literature values are
from Knitter et al. [10], Condé [15], Coppola et al. [14], and
Lovchikova et al. [13]. Data points near 1.5 MeV have been
slightly displaced from each other horizontally for clarity.

V. CONCLUSION

The prompt fission neutron spectra from 235U and
239Pu were measured for incident neutron energies from 1
to 200 MeV at WNR/LANSCE with the FIGARO array,
and the experimental data were analyzed with the Los
Alamos model in the incident neutron energy range of
1–8 MeV. We applied a so-called fake-background tech-
nique to estimate the background carefully. In addition
the data analysis required asymmetric probability distri-
butions due to the Poisson nature of low counting rates.
We performed the Los Alamos model calculations and
adjusted the model parameters to fit the experimental
data to deduce average energies of the spectra. The ob-
tained average energies are in good agreement with the
prompt fission neutron spectra in ENDF/B-VII.0 within
our estimated uncertainties.
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Soc. 22, iss. Nov.16, pp. 667-668 (1975).
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