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The prompt-fission-ntutron spectrum of 2 S 2Cf was Investigated. The spectrun Has measured with
•lack Neutron Detectors which have a well known efficiency. Considerations of various issues
In such measurements lead to an experiment in which a tine-calibration pulser, a randon pulser,
the neutron detector time-of-flight spectrum, the pulse-shape-discrininator gamma tice-of-flight
spectrum, and the detector-response spectra were simultaneously recorded for the procpt-fission
neutrons, transmission through carbon, and shadowbars In a total-cross-section-type neasureient.
Corrections and associated uncertainties were applied far a large variety of effects which may
have been overlooked ia many of the previously reported measurements. Prelininary results
indicate deviations from a Maxwellian shape toward a Watt-spectrum shape. Agreement is good
with the shape differences relative to a Maxwellian froa the recent theoretical calculation by
Midland and Nix, hotever, a lover average energy vas foucd.

I. Introduction

The pronpt-fission-neutron spectrum of 2 5 2Cf is of
considerable interest for the interpretation of the
fission process as well as for practical applications.
It was proposed as a standard for emission spectra
•easurements (1,2), it is used for detector cali-
brations (3,4), and It has a direct impact upon the
interpretation of v measurements (5). Substantial
experimental effort has been devoted to its deter-
mination (see Ref. 6), but the available results are
quite often contradictory. Prior to the IAEA-Consul-
tants' Meeting in 1971 (1), two distinctly different
groups of values for the average temperature, X, of
an assumed Maxwellian spectrum existed (~ 1.41 MeV
and 1.S8 MeV, respectively). Mere recent measure-
M n t s tend to confirm a value of 1.42 MeV, corres-
ponding to an average energy of 2.13 MeV (7-9).
However, the post 1971 values are spread over the
range from I.IS to 1.57 MeV (see the summary table
in Ref. 6).

Agreement with the Maxwelllan-spectrum shape was
•tressed in the more recent work (7,8), but both
neutron excesses and deficiencies at higher or lower
energies were noted in the post 1971 measurements
(10-12). The apparent satisfaction over finding
agreement with a Maxweliian-spectrun shape is in
Itself surprising: The clear improvement of the
basic concept for the derivation of a fission-neu-
tron spectrum shape, that is, taking into account the
center-of-oass action of the fission fragments
(Watt—spectrum), suggests tnat agreement with a
tfawellian-spectrum shape should be viewed with
suspicion.

Substantial criticism was directed toward past
experimental effort during a recent workshop on
fission-neutron spectra (13), more specific critical
reaarks were expressed in a recent review (6). 'the
unsatisfactory situation is also reflected by the
continuing presence of the *52Cf spectrum as a
high-priority item on nuclear-data-reque.it lists
(14,£5?. The present measurements were undertaken
in order to provide Improved data on the i5iCf-fls-
•lon-neutron spectrum for practical applications as
-jell as for the testing of nuclear model predictions.
Consideration of past experlaents suggested that there
was substantial room for improvements in oeasureiient
technique and analysis. A major advantage of the

present measurements right well be the use of
neutron detectors with well—known efficiencies.
However, additional physical, experimental, and
instrumental effects which night have been neglected
in previous work were investigated and corrected.
The results presented here are considered prelininary
pending further planned iaproveaents In the aeasure-
ments and analysis.

II» The Fission Source and Detector

The " C f source used in the present aeasureiencs
was one which was available, but not specifically
prepared for this experinent. It consisted of a
2 5 2Cf deposit on a 0.0254-cn-thick-platicun disc of
0.953—cm diameter. The source strength was determined
by comparison with a 2S2Cf-reference source. The
latter was obtained by vacuuts—self—deposition and
its absolute fission rate was determined by low-geo-
aetry fission-fragnent counting. The comparison
between the 252Cf source and the reference deposit
was made by relative neutron—emission rate ceasure-
oents using a Marion counter. The source strength
was found to be 1.43 * 10s fissions per second
at the end of the present measurements.

A gas-scintillation counter was used for the detection
of fission events. The counter was described
previously (16) but was further modified in order to
reduce neutron transmission and scattering cor-
rections. The detector has a cylindrical shape with
16 ca height and a diameter of 22 cm. Neutron entry
and exit windows with a radius of 13 ca at the top
and bottom of the counter consisted of - O.CO36-cn-
thick aluminum foil. The 2 S 2Cf source was counted
on the inside of one of these windows on the center
axis of 'he detector. A mixture of 85Z argon ami
151 nitrogen was used as the scintillation gas.
Four photo-nuitipliers were mounted on the outside
of the cyllndric.il surface. The high voltage on
each photoaultiplier was adjusted to result in
approximately the saad pulse height spectrum. The
lengths of the cables between the anode output of
each photo-nultiplier and a fast linsar nixer were
adjusted to result in rhe sa=e delay for the pro=pt
gamna peak In the tice-of-flight spectrun.

The pulse-height spectrum obtained with this fission
chamber for thj i5""Cf-reference source is shown in
Fig. 1. The efficiency was deteralned to be
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Fig. 1. The Pulse-height Spectrum Obtained with
the Gas-scintillation Counter for the

Deposit.

a 100/t. The efficiency for the 252Cf source
1 used in the neutron-spectrua measurements Is deter-
mined by the losses below the alpha-pile-up and
total-fragaene absorption. It was determined by
measuring the count rate as a function of the
fast-discrioinator threshold (see Fig. 2), with
subsequent extrapolation tc zero pulse height. This
'measurement and the known source strength resulted
* in the determination of 20 - 22 losses below the
;alpha-pile-up and 9 * 3 ! total fragment absorption.
;This shows that substantial fragment energy was
lost in the deposit. Fig. 3 shows the fragment-
energy spectra obtained for the two deposits perpen-
dicular to the source backings with a surface-
< barrier detector which supports this conclusion.
I

The possibility of z5iCf migrated within the chamber
was considered and determined at the end of the
experiaent after removal of the source. It was
found a* £ 4 • 10"3Z-

100 200

Bias,mV

2. The Count Bate Obtained with the Gas-
scintillation Counter for the 252Cf
Source as a Function of the Fast-Trigger
Threshold.

III. The Neutron Detectors and Their
Efficiencies

s
o
O

Two Black Neutron Detectors (END) were used in tbe
present experiments (17,18). The smaller was a
cylindrical liquid sclntillator with a radius of
!7.62 ca and a height of 17.78 cm, and with a cylindrical
neutron-entrance channel of 1.9 cm radius and 4.76 ca
length. An RCA 8854 multiplier was used for this
detector. The larger BSD was a cylindrical liquid
sclntillator with a radius of 10 ca and a height of
37 cm, »ni with a neutron entrance channel of 1.9 ca
radius and 14 ca length. Four 58 DVP photooulti-
pller« vere used for this detector. A liquid
sclntillator nediua was formulated for this experi-
ment which had a higher hydrogen content, and
appeared to have improved pulse-shape discrimination
features relative to NE213.

Tbe efficiency of a BHD is ~ I00Z based on its
design principle, and the deviation from 1003
efficiency car. be accurately calculated by Monte
Carlo techniques. Because this correction and its
uacertalnty depend mainly on well-known quantities

.000

Fig. 3.

300.

The Pulse-height Spectra Obtained with a
Surface-barrier Detector at 0* for the
252cf Source and the 252cf-Seference
Deposit.

: (transmission through the detector, hydrogen and
: carbon cross sections, and the detector geoaetry and
composition}, this type of detector has a well

I' known efficiency and low uncertainties (< 1 - 2Z).BHD's are now used in many laboratories (16-22).
; Comparisons vere aade with the assaciated-partical
i technique (19,21) and agreement was found within 1.21
ifcttd 0,7X *t 0.5 - 0.9 MeV and 14.1 KeV, respectively.
I Indirect support for the < IX uncertainty level can
[he found in recent 2 3 SU (n,f) cross section measure-



_ • « • (23-25), by coaparing resulCs obtained with
•NO'S and with proton-recoil counters or Che as-
aoclated-parcical technique.

The (mailer detector was used for measurements
between ~ 200 keV and 4 MeV where it had an effl- i
eiency between 98 and 83X. The larger dececcor was
used between 600 keV and 10 MeV with corresponding |

efficiencies between 96 and 77Z. j

IV. The Energy Scale and Resolution

The energy determination and verification is one of
the aost important factors in 2S2Cf-spectrum measure-
Bents. Energy uncertainties can cause substantially
.larger spectrum uncertainties than the uncertainties
of other quantities. The effects of energy re-
solution, (which unfortunately is often mistaken for
energy uncertainty), can be corrected for, thus
ireducing the uncertainty of the measured spectrum.

The energy scale in a time-of-flight experiment is
baaed upon three experimentally determined parameters:
the tioe-scaling channel width, at, the channel of
the center of the prompt—gamma peak, G, and the
flight path, i. The energy is determined from

B - Eo((l - i2/c2T2)-l/2 - (1)

where E o is the neutron rest energy, c is the
Telocity of light and i is the flight path between
the source and the front of the detector. Physical
processes within the detector will cause an increase
of the time at which the neutron will be recorded.
The average time given by the center of channel, N,
Is

G I H
t ' - J i t + - + -

H 1 c c'
(2)

this assumes that the photomultiplier is at the end
of the detector which has a height, U, and a medium,
with a. light velocity c'. Thus, the additional
right-hand terms of Eq. 2 correct for the tine the

gamaas require to be detected. T is the average
tine a neutron spends in the detector until the

light produced by it exceeds the threshold of the
discriminator, and T 1 corrects for the time the
scintillation light requires to travel the remaining
distance Co Che photoaultiplier. The individual
relative channel width, fltj, can be determined with
e raadoa pulser; the average channel width can be
determined with a tiee-calibration puleer. The
flight path can be determined within ~ 0.5 - 1.0 m ,
mad thus contributes little to the energy uncertain-
Si- s. Ho-'cvsr, differences in Lhe dei.ccc.ion cech-
•aisas for neutrons and gammas might cause larger
uncertainties. Because of the sensitivity of the
neutron spectrum to energy uncertainties, verifi-
cation of the energy scale appears mandatory.

' The energy resolution is & verned by a variety of
physical and instrumental effects. These can be
grouped into three major components:

a) the tiae resolution of the electronic -ocponents
and of the fission chamber, which can be approxi-
mated by a Gaussian shape,

b) the time-scaling channel width, which is well
defined, and

c) the time—response function of the neutron
detector, which is determined by the physical
processes within the scintlllator.

The component, a, can be obtained from the width of
I Che gamma peak, taking into account that the channel
'width is already involved. The component, c, can be
obtained from Monte Carlo calculations which at the
sane time yield the average time, T, the neutron
spends in the detector, in order to be detected.
Simultaneous verification of the energy scale and
the energy resolution can be obtained by measurement
of the total neutron cross section of carbon with
iits well-known resonances.

! V. The Experimental Set-up

4 schematic of the experimental set-up for the
•easurement with the smaller BND is shown in Fig. 6.
The gas-scintillation counter (GSC) with the 25<!Cf
source (S) was in the cave of a 4n-aeutron shield
(S-Sl and S-S2) built with lithium-ana baron-
iloaded plastic blocks. A rear-neutron-exit channel

Fig. 4.

I I
Schematic of the Experimental Set-up. GSC is the Gas-Scintillation Counter with the 252cf Source
(S) and the Neutron-Entry and Exit Windows. BND is the Black Neutron Detector. SCH is the Eight-
Positiv->ns-Sample Changer with one of the Three Shadow-bars (SB) and one of thD Two Carbon Samples
Indicated in the Figure.C is the Main Collinator which Limits the Space Angle of the Source
Keutrons for the BND. S-Cl and S-C2 are Shield Colliaators. S-Sl (Lithiua- and Boroa-boaded
Plastic) ana S-S2 (Lithium-Loaded Plastic) Form a <iit-Source-Neutron Shield. SN-S is a Neutron
Shield for the Neutrons Scattered in the Shadow-bars.D-Sl (A Mixture of UthiunrarJvjnate, Water and
Lead-pellets) and 0-S2 (Lead and Lithium-Loaded Plastic) is a Neutron Detector Shield. & Indicates
the Au-Gaoma Filter. Black Areas Indicate Lead Shielding.



assured chat neutrons scattered within this shield
could not reach the neutron detector. Background
fro* neutrons and ganaas leaking from the source
shield, and scattered within the roda, which alght
•till penetrate the detector shield (D-Sl and D-S2),
m a determined with a shadow-bar (plexlglas). .The
latter had less than 0.1S neutron transmission. An
additional 4j - neutron shield (SN-S) was built
abound the location or" the shadow-bar In order to
reduce any possible effect from the neutrons scat-
tered In the shadow-bar or the carbon saaples. An
•tght-posltion sanple changer which noved In a rapid
Stepping motion was used in order to Interchange 3
holes, 3 shadow-bars, and 2 carbon saaples for the
simultaneous neasurement of the fission-neutron
spectrum, the carbon transmission, and the shadow-bar
background. The first shield collimator (S-Cl) was
{inserted in order to reduce the nunber of neutrons
which iaplnge on the sample changer, and the number
(of neutrons which would scatter closer to the
ineutron detector. j

The main collimator, which Units the space angle of
Che source neutrons detected by the BND, is labeled
C in Fig. 4. A second shield collloator (S-C2)
reduces the number of neutrons which are scattered
in Che main collimator and arrive at the neutron
detector or near to it. A 0.05-cra-thick gold filter
was inserted in front of the main collittator in
order to reduce the intensity of the rather soft
delayed gammas emitted from the fission fragments.
A 0.076-cm-thick-lead filter was placed at the end
of Che neutron-entrance channel of the BND for the
same purpose.

The area between the 2 5 2Cf source and the neutron
detector was designed to reduce uncertainties in the
corrections required for a variety of effects, and
to permit an easy Monte Carlo simulation of the
spectrua measurements. Neutron inscatter froa the
main colllmator was estimated to be < 0.1%. Neutron
inscattering from the first shield collimator was
estimated to be < 0.2%. An additional measure-
ment was made without this shield collimator and
without the sample changer.

The detector was located behind the neutron-detector
shield (D-Sl) and the flight path was extended to
~ 3.50 m for the measurement with the larger BND.
The anode signals from the four photocniltipliers of
Che gas-scintillation ccunter were added in a fast
mixer, clipped to ~ 20 nsec, and amplified with a
faat-linear amplifier. The stop signal was obtained
with a constant-fraction discriminator. The anode
signals of the nautron-detector photomultiplier were
split and one branch was amplified with a fast-linear
amplifier. This signal was used to obtain the
neatron-detector-start signal with a constant—frac-
tion discriminator. The second branch was used to
obtain a gamma identification signal from a pulse-
shape discriminator. A dynode output from the
photomultiplier was amplified and au energy signal
was obtained from a subsequent linear—gate and
stretcher. j

The atart and scop signals of a tiae-calibration
pulser were added to the start and stop signals from
Che neutron detector and the fission counter, .
respectively, with an or-gate. In addition, a
randon-pulser signal was added to the start signal
In Che or-gate. The output signals of the or-gates
were used to start and stop a time-to-amplitude
converter (TAC) using a time range of 1000 nsec.
'The TAC signals and the pulse-height signals of the
Itreutron detector were converted with amplitude-to-
idigital converters and recorded with an on-line
jcomputer, the origin of the various signals was
I identified with tag-bits which were obtained from
isecondary outputs of the respective triggers or the
jjihotodiodes on the sample changer. Thus, computer-
input words were identified as neutron-detector
svsst, nautron-detsetor-gassa cvcst, ranuca-puleeit'
! v m l tliis i-.-In;-..., !i. ri' \

?event, or time-calibration-pulser event for the
j fission-neutron spectres, the carbon transmission,
.or the shadow-bar background.

: The simultaneous measurement of these qucntities
* provides a variety of benefits for the interpretation
of the experiment. The gaaaa epectrum can be
;investigated for structure which aight be present
•(to some extent) as residual background in the
• neutron spectrua. The shadow-bar-background spectrum
isdicstcs the success ol tfus shielding against
background froa neutron and gacaa inseattering fees
the roon. The carbon cross section derived froa the
measured transmission and the 2 S 2Cf spectrum provides
a check of the energy scale and of the resolution.
The raadom-pulser spectrua eliainates differential
noalinearity (but, unfortunately it coo adds to tfee
statistical uncertainty).

VI. Measurements and Corrections

The results presented here were obtained froa three
measurement sets. One was obtained with the smaller
BND and a flight path of ~ 2.6 o, yielding data in
the energy range of 0.2 ~ 4.0 HeV. A second set was
obtained with the larger BND and a flight path
of ~ 3.5 m, yielding data in the energy range of
0.7 - 10.0 MeV. The third data set was obtained
with the smaller BND, but without the simultaneous
measurement of the carbon cross section and without
use of the randoo pulser. Also, the first shield
colllmator (S-Cl in Fig. 4) was not used in generat-
ing this last set. Furthermore, the gold filter
was ~ 70Z thicker, and a smaller fission chamber
was used. Fig. 5 shows the neutron-tice-of-flight
spectrum obtained with the scalier detector. The
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Fig. 5. The Tine-of-Flight Spectra obtained with the

Smaller Black Neutron Detector and a Flight
Path of 2.58 a. Arahient Background has
been Subtracted fron all Spectra. The
Shsdowbar Background and the Accidental
Coincidence Spectra were Subtracted (Added)
from the Neutron Spectrum.



background spectra shown in the sane figure were
subtracted. Figs. 6 and 7 show Che total cross
•ection values obtained with the smaller and the
larger BND's respectively. The statistical uncer-
tainties of the cross sections are larger than for
the aeasured spectra not only because of the lower
number of counts In the transmission spectra, but
also because only two carbon samples vere used
while there were three positions without saaples.

cth cress sectio*i» ssscth cre ction curves in Figs, b and 7
were obtained by averaging the calculated trans-
aluslon through the carbon samples using the
EBDF/B-V cross section aad a Maxwellian spectrua
{with the resolution of ""he present experiment. The
I carbon total cross section was then derived froo
I this calculated transmission.

1.0 . 2.0 3.0 4.0 5.0 6.0 7.0

Neutron Energy, MeV

Fig. 6. The Total Cross Section of Carbon Obtained
with the Smaller Black Neutron Detector and
a Flight Path of 2.58 n. Data were Used
only Below 4 MeV.
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Fig. 7. The Total Cross Section of Carbon Obtained
with the Larger Black Neutron Detector and
a Flight Path of 3.47 m.

The random-fission-event stop pulses lead to ac-
cidental-coincidence losses and gains in the
•easured time-of-flight spectra. The required
corrections were obtained from the associated
probabilities:

The accidental-coincidence gains in channel 1 are
given by

taax

"ace (« - I
t-i+1

-Nft . rNfit)
where Nf is the stop rate, and t is the tine
associated with channel i. Thus, EXT (-Hft) is
the probability that a random stop event does not
occur in t, and 1 - EXP (-Nf&t) is the probability
that at least one occurs within (the channel width)
At. Such accidental-coincidence gains ("back-
ground") were corrected in sone of the previous work
(see for exaaple Refs. 10, 26} but a wrong foraulu
was used. The accidental-coincidence gains are, tiy

necessity, Che results of accidental-coincidence
losses elsewhere in the spectrua. For, the
i, associated with the tine, t, between the neutron-
detector event and the atop pulse, these iccldental-
coincidence losses are given by

I ~

'Both equations neglect a secondary effect which is
caused by the dead tine of the trigger in the stop
branch. This can be shown to be negligible for the
present experiment. The accidental-coincidence
.losses were not corrected in Dost previously re-
|ported 252Cf-spectrurn ceasurecents. These cor-
jrectlons were derived independently, however, the
problem was previously recognized by Chalupka (27).
(Hia formulas are different but they should yield the
isaae result. The formulas for accidental coin-
cidences require the knowledge of the true spectrun,
thus. Iterative steps were applied. The number of
accidental gains Is, of course, equal to the lumber
of losses. Losses increase for higher-energy
oeutrons while the gains are predominant in the
low-energy part of the spectrun. (See Fig. 5).

Total-fission-fragment absorption is predominant at
angles near 90° relative to the axis perpendicular
jto the deposit backing. This causes a hardening of
ithe treasured spectrun. The required correction can
'be calculated based upon the kinetics involved, in
order to reduce the uncertainty of this correction,
measurements of the ratio of the spectra at 0° and
near 90" were made. These measurements were made
with a flight path of g 1.7 D and the 2 5 2Cf
'deposit mounted in the center of a fission chamber.
'The corresponding ratio was calculated with the
known parameters of the light and heavy fission
fragments (26). Best agreement was found for a

total-fission-fragment absorption of ~ 72 (see Fig.
8 ) . The required correction (spectrun without
absorption versus spectrum with ~ 72 fission-frag-
aent absorption) was ~ 52.
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8. The Ratio of the Fission-neutron Spectra
Observed at — 90° and at 0° to the Deposit.
The Calculated Curves Indicate Various
iswunts of Fission-fragaent Absorption at

Kessareaents of the spectrua would also be affected,.
If neutron emislon occurs after fragments were
already slowed down in the deposit backing. In
order to check this, effect, the ratio of the
spectra measured at 0° and at 180* to the deposit
axis was rfprlwee! * The rssult is shown lii Fig. 3 and
It support' the previous conclusions that neutron

ealsslon occurs within
. process (6).

I0~ i S sec. of the fission



•ource. Ho effect was found.

Tht (n, 2n) reaction in platinum contributes ecme
i neutrons to the spectrum. The required! correction
jw«» calculated and found to be negligible (ir.o),
' (Y,2n> was estimated and also found to be negligible.

-8;

0 2 4 8
Nautron Enargy, M»V

Fig. 9. The Difference from Unity in Percent of the
Ratio of the Fission-neutron Spectra
Observed at 0° and 180°.

Neutron transmission through the deposit backing,
the air of the flight path, the gold filter, and the
> edges of the colliaeter changed the measured spec-
' trim. The corrections were suficiently small and/
; or the cross sections well enough known to result
] in insignificant uncertainties for the corrected
spectrum. Some of the corrections required for
' elastic and Inelastic scattering events involve
energy transfer and result in an experimental
Spectrum with more low-energy neutrons than the

1 original spectrum. These effects were substantially
reduced in the present measurements due to the
design of the experiment. Neutrons which scattered
in the a; 0.05 grams of aluminum forming windows
of Che GSC and in the x 0.4 grams of the
platinum backing could reach the detector. Only the
scattering In the platinum backing was significant.
The effect due to elastic scattering was corrected
by using Legendre-coefficients for elemental
platinum (28,29) and taking into account the in-
> crease of the interaction probability for neutrons
emitted toward 90°. Data on the inelastic scat-
tering in platinum are sparse. Only a few levels
« 1 MeV) were resolved with some cross section data
available (29). For inelastic scattering to higher
levels an evaporation spectrum was used. Scattering
fron the two collimators was estimated to be < 0.1Z
ifroa the collimator in front of the detector and
£ 0.2X from the collimator in front of the source.
(Because little energy transfer is involved, these
(corrections have been deferred but will be Included
I in a Monte-Carlo simulation of the experiment at a
later time. j

Neutrons which penetrate the detector or which are
|scattered without being detected night return to the
|detector after scattering in the photomultlplier or
other materials surrounding the neutron detector.
The additional neutron-time-of-flight implies a
•offer measured spectrum. There is an additional
advantage in using a BND because this correction is
proportional to 1 - en, where en is the neutron
detector efficiency, which is high for the BND.
This correction was < IX for the present experiment.

I
Delayed gaumas froa the fission products are rather
soft (30) and were mostly eliminated with the gamma
discriminator, and the gamma absorption filters.
Support for this was found in consideration of the
residual background between the gaoma peak and the
neutrons in the tiae-of-flight spectra (see below).

i
The possibility of neutron production by the alpha!)
emitted in 2 5 ZCE decay was considered. The thre-
shold fir detecting the fission fragments was set
above the alpha-plle-up level, however, sone alpha'
pile-up trigger pulses cannot be excluded. The
(o,n) threhsold in platinum is high enough so that
neutron-production should not occur. The poa- :

slblllty of neutron production from other parts of
tb* detector was checked with a strong z>tlta alpha ;

(After the corrections for accidental coincidences,
l shadow—bar background and anbient background sub-
traction were applied, the residual background in
• the areas between the gamna peak and the neutrons,
I and below the neutron detection threshold were found
;to be very small in two of the spectra. The dif-
ference for the aeutron spectra between not subtract-
:ing this residual background or subtracting it by
|linear Interpolation between the two background
I ranges was < 0.32 at the lowest and higher
energies. For the third spectrun this background
was somewhat higher. Ultimately, the residual
;background was subtracted by linear interpolation.

{The agreement between all three measured spectra in
respective overlap ranges was good.

VII. Results and Discussion

The results from the present ceasureoents were
reduced to a lesser number of energies then obtained
with the TOP spectr3 which were identical for the
three spectra. The procedure of reducing to this
energy grid was described previously (31). A
Maxwellian spectrum shape was used for extrapolation
to the grid energies. This results la reduced
statistical uncertainties and unchanged systematic
uncertainties. The three spectra were th?i nor-
aalized to one another in the. overlap range and
averaged. The final result was normalized to the
sane susber of neutrons In a Maxwellian spectrun
with T-1.42 MeV within the range of the present
measurements. The difference of the present results
fron a Maxwellian of T- 1.42 MeV is shown in Fig.
10. The difference of a Watt spectrua from a
Haxwellian spectrum of the same average energy (2.13
MeV) is also shown in Fig. 10. The present result
deviates froa a Maxwellian-spectrura shape toward the
Watt-spectruo shape. Madland and Nix (38) recently
develped a theoretical approach for calculating
fission properties. The "2Cf-fissioa spectrum
obtained fron these calculations has ai, average
energy of 2.2791 MeV (38). By using an improved
mass formula, a spectrum with a lower average energy
of 2.2167 MeV was calculated (39). This spectrun is
also shown In Fig. 10 relative to a Haxveillan-
Spectra of T - 1.42 MeV.

The average energy of the present result for the
z52Cf spectrum was obtained by approximating the
low-and-high-energy regions not included in the
present measurement with a Maxwellian spectrum of T
• 1.42 MeV. The result for the average energy of
the present measurement is 2.159 MeV. Fig. 11 shows
the present results relative to a Maxwellian spec-
trum of the same average energy (2.159 MeV). The
Watt spectrum is also shown for this average energy.
The two spectra calculated by Madland and Nix
(38,39) are shown relative to Maxwellian spectra of
ithe respective average energies of 2.2167 MeV and
'2.2791 MeV. This shows that the spectra differences
,relative to Maxwellian spectra of the same average
;energy ere in first order independent of the
average energy. Thus, we can conclude that our
data support the shape difference between the
spectrum calculated by Madland and Nix and a
jMaxwelllan spectrum.

i The present data were nevertheless fitted with a
; Haxvellian aprectrua using the variance-covariance
• matrix of the data. This led to a temperature of
;1.439 MeV which corresponds to the Identical
! average energy a 3 determined froa the experimental
data.
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Fig. 10. The Ratio of the Present Results for the 252cf-Fission-Neutron Spectrum to a Maxwellian with a

Temperature of 1.42 MeV (E - 2.13 MeV). The Ratios of a Watt Spectrum with the same
Average Energy, and of the Theoretical Calculations by Madlaud and Nix to the Maxwellian are also
Shown. The Spectrum by Madland and Nix has an Average Energy of 2.2167 MeV.

The present result for the average energy is com-
pared in Table 1 with results from other T0F measure-
ments in the post-1971 area. The present value for
the average energy is higher than those obtained in
the last three measurements. Complete descriptions
of these experiments are not yet available. It is
Bore surprising that the other experinents listed in
Table 1 did not result in more substantial dif-
ferences. This may be due to partial compensation
of effects overlooked in these experiments.

The present reuslts are preliminary, pending
improvements for some of the corrections and a
possible improvement in neasurement technique
involving a better 2 5 2Cf source (and backing) and
better statistical accuracy.
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Table 1. Comparison of the Present Result for the Average Energy with
other Post 1971 Tiae-of-Flight Measurements

Reference Tear TtajJI.1 Z, KeV

Creen t-t •!- (10) 1973 1.4GS - 0.013 2.105 - O.Ui

Knitter et al. (32) 1973 1.42 * 0.05 2.13 ± 0.08

Kotelnlkova et al. (3$) 1976 1.46 ± 0.02 (2.19 ± 0.03)

Batenkov et al. (34) 1975 1.40

Bllnov et al. (215) 1977 1.41 ± 0.03 2.12

Uefedov et al. (36) 1977 1.26 (1.92)

Sefedov et al. (11) 1978 1.43 ± 0.02 (2.15 ± 0.03)
(Starostov et at.) 1981
Bertln 1978 (1.51) 2.27 ± 0.02

Bllnov et al. ( 7) 1979

Bodeman et al. ( 8) 1979

Moo Jiangshen et al. ( 9) 1981

1.42

1.424 ± 0.013 2.136 ± 0.02

1.416 ± 0.023

Present Result
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