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In this paper results of the neutron and fission fragment time-of

flight measurements on Cf252 are presented in detail. The energy spectra 

and angular distributions of neutrons emitted by pairs of fragments of 

different degrees of asymmetry and different kinetic energies, as recorded 

in the laboratory system, have been analyzed for consistency with the 

hypothesis of isotropic emission from fully accelerated fission fragments. 

The center-of-mass energy spectra of the neutrons, when these are 

assumed to be emitted isotropically from moving fragments, have been found 

to be representable, within fairly narrow limits, by a standard shape. Given 

this shape, the neutron distribution may be specified by the number of neutrons 

v emitted by a fragment and the average energy ~· The two Quantities V and 

~ have been analyzed as functions of the mass number A of a fragment and the 

kinetic energy EK as a fragment pair, and the detailed results are presented 

in a series of tables and graphs. The variation of v with A shows the "saw-

tooth" dependence found in earlier experiments, which may be studied in greater 

detail on the basis of our results. In contrast,tne dependence of ~ on A does 

not show a discontinuity in the region of symmetrical mass splits, the values 

of ~ being always approximately eQual for the two members of a fragment pair. 

The results of a few simple calculations are presented along with the 

data, but no systematic attempt is made to interpret the neutron distributions. 
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It is the purpose of t~is paper to discuss in detail the properties bf-

th t t . t d . th th t f · · f Cf252 · e promp neu rons assocla e Wl e spon aneous lSSlon o , ln 

particular the number, energy, and angular distribution of the neutrons as 

a function of the mass and kinetic energy of the fission fragments. 

The value of such an exhaustive study is to provide a body of ex-

perimental data from wM:ch a number of general features of fission may be 

deduced, and against which theories may be tested both QUalitatively and in 

detail. A by-product of the study has turned out to be an accumulation of 

information related to the level densities of medium-weight-nuclei. 

This paper is a continuation of an earlier one1 in which we discussed 

the neutron distributions in terms of two major groups of fragments, light and 

heavy. Except for trivial differences·noted in the text, the data are those 
I 

of reference l (referred to hereaft~r as BTMS). The present paper completes 

the description of these experimental measurements. As the experimental 

arrangement and method of taking data were discussed in BTMS, we give only 

.,.1 a short resume here. Briefly, the velocities of both fission fragments were 

measured in coincidence with a neutron or Y ray as a function of the angle 

between the direction of the fission fragment and that of the prompt radiation. 

The latter were det~cted in two 4.:.in; .:.diam by. 2-in·. -thick plastic phosphors 

that could be placed at any two of eight positions between 11.25 deg and 90 deg 
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in increments of ll. 25 deg. The Cf252 mounted in the center of the apparatus 

(see Fig. l) was essentially a weightless one of strength l. 5 x 10
6 

fissions 

per minute. It was prepared by the self-transfer method on a backing of 

90-~gm/cm2 nickel fail. When a coincidence occurred, the flight time of the 

neutron or y ray to one of the detectors, or more rarely both, was recorded 

along with the flight times of the two fission fragments. All flight paths 

were roughly a meter long. Provided that none of the Y rays are emitted with 

2 
a delay time in the range approx 10 to 10 nsec, the distinction between 

gammas and neutrons can be made rigorously on the basis of their flight times. 

Gamma rays of lifetimes in this range would be confused with neutrons in this 

experiment in a rather complicated way, varying with the angle of the detector. 

In all, about 250,000 events were studied. About half of all the data 

is common with the angle 11.25 deg (see BTMS). 

II. ANALYSIS.OF THE DATA 

Discussion of the data falls into two parts. The first concerns the 

demonstration that the energy and angular distribution of the neutrons is, by 

and large, consistent with the hypothesis of isotropic evaporation from moving 

fragments, not only when average fragments of average energy are considered 

(as in BTMS), but also when different groups of fragments with high or low 

kinetic energies and high or low mass ratios are examined separately. 

The second part concerns the properties of the neutrons (as regards 

numbers and energies) as functions of the two variables specifying a fission 

event in our experiment, namely the mass division and the kinetic energy 

release for a given pair of fragments. This discussion is presented as follows: 

the simplifying feature that the data are approximately consistent with the 

assumption of isotropic evaporation from moving fragments allows one to 



·~· 

,., 

t;.J 

-2a-

~------~---200cm------------~ 

Phosphor/ 
.010" thick + 

I I 

----1 ;'"''--.\1.25°~. 
I I ,, 

Cf 252 source 
-"'-'-------"'"-' - - ~ --
Foil holder/ 

S.S.windows 
"//" .030"thick 

Start 
N I 

T- P. H. 

M U - ·2 4 9 2 9 

UCRL-10139 

Ei'ig. l.· Block diagram of the apparatus used to measure the 
velocities and angular distribution of prompt neutrons 
relative to the dire~tion of the fission fragments. 
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characterize broadly the neutrons associated with a given pair of fission 

fragments by just four quantities, two for each fragment: the number and the 

average energy (or average temperature) of the neutrons emitted by the light 

fragment and the corresponding pair of quantities for neutrons emitted by the 

heavy fragment. When the number of neutrons and their average temperature are 

considered as functions of the mass division and of the kinetic energy of a 

fission event, the characteristics of the neutrons may be discussed in terms 

of two functions of two variables: 

(a) Number of neutrons v(A,EK) as a function of the mass A of the 

emitting fragment and the kinetic energy EK of the fission event. 

(b) Average energy ~(A,EK) as a function of the mass of the fragment 

and the kinetic energy of the fission event. 

The two quantities v and ~ may be regarded as the zeroth and second 

moments of the velocity spectrum of the emitted neutrons. <In order to specify 

the velocity spectrum completely, all the other moments would, in principle, 

have to be determined. One result of this experiment has turned out to be 

.the virtual constancy of the intrinsic shape of the spectrum over a fairly 

wide range of excitations and masses of emitting fragments. The existence of 

such a standard shape of the evaporation cascade spectrum implies that two 

numbers are in fact sufficient to specify the spectrum: the total number of 

neutrons v and one other moment of the distribution, for example ~ 

A. The Hypothesis of Isotropic Evaporation from Moving Fragments 

A simple test of the hypothesis of isotropic evaporation from moving 

fragments was described in BTMS, and we shall apply this to the different 

groups of fission events considered in this paper. The test consists of a 

graphical construction applied to the angular and velocity distribution of 

the neutrons in the laboratory system as displayed in a contour plot of the 

~ 

v 
~ 

~ 

~ 
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''neutron density" p(V,e) [see B'IMS for a discussion of the graphical construction 

and density p(V,B)]. As remarked in B'IMS, the function p(V,B) is proportional 

to the density in space of the neutrons that would be found at time t around 

a source of fission events set off at time zero with the fragments aligned in 

the same direction in space. 

Figures 2A, B, c, show three contour maps of p(V,e), corresponding to 

a selection of fission events with exceptionally large asymmetry of .. mass division, 

average asymmetry, and sma~l asymmetry, respectively. An examination of these 

figures shows that although the relative number of neutrons emitted by the two 

groups of fragments is changing drastically as a function of asymmetry, the 

p(v,e) contours :remain consistent_within 10 to 20% with isotropic evaporation 

of neutrons from moving fragments. 

Plots of p(v,e) correspon~ing to selections of combinations of different 

asymmetries and kinetic energies are shown in Figures 3A, B,'c. Again no large 

deviations because of isotropic eveporation from moving fragments are revealed. 

Small deviatio:qs can be discerned in, a more detailed examination of all p(V,e) 

diagrams. Such deviations were discussed in B'IMS with reference to fission 

events of average asymmetry and average kinetic energy. The results of this 

paper are taken to indicate that no special broad groups of fragments, with 

selected asymmetries and kinet.ic energies, are responsible for these deviations. 

In view of uncertainties still existing as to the interpretation of these 

deviations, some of which were discussed in BTMS, we must conclude that although 

the results of this paper have confirmed in an approximate sense the hypothesis 

of isotropic evaporation of neutrons as applied to different groups of. fission 

fragments, the delimitation of the extent of the validity of the hypothesis and 

the determination of the nature of the deviations remain poorly defined . 

Since the deviations appear in any case to be small, we can continue our 

discussion of the data with the simplifying assumption of isotropic evaporation. 
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Fig. 2A; c'ontour diagram in ·p~lar co~rdinates. of observed 
neutron density distribution p( V ,e) .as a f1,mctio~ of , : 
neutron velocity· and· angle, for large asymmetry Of mass 
divisi~n. ((VL) = 1.48. cm/nsec, (VH! = 0.89 cm(nser;.? 
(ML) = 94.6, (~) = 157 .4). . ·~ 
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Fig. 2B. Contour diagram in polar coordinates of observed 
neutron density distribution p(V;E3) as a function of 
neutron velocity and angle, for average asymmetry of 
mass division. ((V1 ) c= 1.37 cm/nsec, (VH) = 1.04 cm/nsec, 
(M1 ) = 108.5, (MH) = 143. 5.) 
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Fig. 2C. Contour diagram in polar coordinates of observed 
neutron density distribution p(V,B) as a function of 
neutron velocity and angle, for small asymmetry of mass 
division. ( (VL) = 1.26 cm/nsec, (VH) = 1.15 cm/nsec, 
(M1 ) = 120.0, \MH)= 132.0. 
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Fig. 3A. Contour diagram of observed neutron density distribution 
p(V,G) as a function of neutron velocity and angle, for large 
asymmetry of mass division and lower than average total kinetic 
energy. ( (V1 ) = 1.39 cm/nsec, (VH) 0.96 cm/nsec, (M1 ) = 102.8, 
(MH) = 149.2, (ET) = 174.2 MeV). 
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'ig. 3B. Contour diagram of observed n~utron density distribution 
p (v)e) as a function of neutron velocity and angle) for large 
asymmetry of mass division and higher than average total kinetic 
energy ( (VL) = 1.48 cm/nsec) (Vl;I) = l. 02 cm/nsec) (ML) = 102.8) 
(MH) = 149.2) (ET) = 196.3 MeV) •. · 
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Fig. 3C. Contour diagram of observed neutron density dist~ibution 
p (v)e) as a function of neutron velocity and angle) for small 
asymmetry of mass division and higher than average total 
kinetic energy. ( (VL) = 1.35 cm/nsec) (VH) = l.ll cm/nsec) 
(ML) = 114.0; (MH) = 138.0 (ET) = 196.3 MeV.) . 
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- B. Methods for Deducing the Center-of-Mass Spectra of the Neutrons 

Even with the assumption of isotropic evaporation from moving fragments, 

the problem of deducing the center-of-mass spectrum of the neutrons (emitted by 

each fragment) from the observed laboratory-system distributions is not straight

forward, because at each laboratory-system angle only the sum of contributions 

from the two fragments is observed. Thus in estimating the number and energy 

spectrum of the neutrons from one fragment, one must subtract an initially 

unknown contribution from the other. 

In BTMS a direct method of analyzing the neutron distributions was 

described in which least-s~uares fits to the data were made by using super

positions of analytical evaporation spectra with several adjustable parameters. 

This method, if applied to data analysis in this paper, consisting of many 

groups of fragment asymmetries and energies, would re~uire hundreds of least

s~uares fits to be made. 

A simpler though less direct method is possible, since the perturbation 

of the neutron spectrum of one fragment by the other is not large on the average 

and may be treated as a correction. The situation is actually complex in the 

sense that at certain laboratory-system angles (near 90 deg to the fission 

direction) the perturbation is large (both fragments contributing about e~ually), 

whereas at other angles (near zero deg) the perturbation is negligible, since 

very few neutrons from the fragment moving away from the neutron counter have 

sufficiently high velocities to perturb the distribution of the neutrons from 

the fragment moving toward the neutron counter. 

This complexity of the effect, making the perturbation small at certain 

angles and large at others, has led us to two--partly independent--ways of 

analyzing the data. In the first, only the "small-angle" data from 11.25 deg 

and 168.75 deg were analyzed. Here the corrections discussed above can be 
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considered negligible, but about half the data is discarded. In the second 

method, data from all angles are used, but subject to large corrections. 

Both methods. were tried in some of the analyses, but after essential 

agreement between the two methods had been found (confirming incidentally 

that the hypothesis of isotropic emission was not seriously wrong), most of 

the detailed studies discuss.ed below were made with the aid of the more 

straightforward small-angle method. (An added advantage of this method is 

that because of the fragment's velocity in the direction of the counter at 

11.25 deg or 168.75 deg, even neutrons leaving a fragment with almost vanishing 

velocity arrive at the detector with an energy at which the detection efficiency 

is good.) 

In the first me~hod, the procedure was to calculate for every everit 

the c.m. neutron velocity v from the observed laboratory velocity V and the 

fragment velocity Vf. From the distribution of the recorded values of v the 

nth moment of the c.m. spectrum of the neutrons could then be calculated by 

using the general formula given in Appendix A. 

In the second method, the zeroth and second moments of the c.m. neutron 

spectra were calculated by assuming, first, that all the neutrons observed at 

angles between 0 and 90 deg were associated with the light fragment, and all 

neutrons observed between 90 and 180 deg were associated with the heavy 

fragment---or, equivalently, that as many neutrons from the light fragment 

went into the "heavy fragment hemisphere" (8>90 deg) as there wereneutrons 

from the heavy fragnient that went into the "light fragment hemisphere" 

(8<90 deg). A correction was then applied for the approximate nature of this 

,assumption (see Appendix B for details). 

·,,.·,: 
. i .. 
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II I. RESULTS 

A. Tabulation of the Data 

The results of the·analyses described above are shown in a series of 

tables and figures designed to bring out different aspects of the manifold 

distributions. The IBM tables I through VI (see Appendix D) comprise the most 

comprehensive statement of the results of our experiment, with the Oth first 

and second moments of the c.m. neutron velocities (and their errors) given as 

functions of fragment mass A and kinetic energy release EK. Fig. 4A gives 

a compact contour plot of the zeroth moment--the number of neutrons per 

fragment--as a function of A and EK. It may be seen from this plot that the 

number of neutrons emitted by a fragment of a given mass increases roughly 

linearly with decreasing kinetic energy of the fission event. On the other 

hand, the dependence on fragment mass at a given kinetic energy is not simple, 

with rather violent changes in the number·of neutrons near mass 130 (which 

also happens to be near symmetry for Cf252 ). It is especially worth noting 

that even at low kinetic energy releases, or high total excitation energies, 

there are very few neutrons associated with masses near 130. Figure 4B gives 

a contour plot similar to Fig. 4A, but in this instance for the average c.m. 

neutron energy 71(A,EK). The variation of T} with mass is less drastic than was the 

case for v, and the pattern of the contours of constant T} is approximately 

symmetrical about mass 126. 

B. The Existence of a Standard Shape of. the. Evaporation Cascade .Spectrum 

As was remarked .in Section II, the average values of v and T} would 

be sufficient to specify the velocity distributions of the neutrons if a 

standard intrinsic shape could be assumed for the velocity spectra. The 

extent to which this is the case, over the range of excitation energies and 

, .. 
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Fig. 4A. Contour diagram·of-the number of. neutrons per fragment 
as a function of fragment _mass A and total kinet~cenergy EK. 
The contour lines are-lines of constant number of neL:Ltrons 
(uncorrected for dispersion) . 
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Fig. 4B. Contour diagram of the center-of-mass neutron kinetic 
energy ~ as a function of fission fragment mass A and total 
kinetic energy EK. The contour lines are lines of constant 
neutron kinetic energy. (~is constant over shaded areas.) 
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masses considered in this experiment, is illustrated in Fig. 5. The c.m. 

spectra in this figure were deduced from the ~'small-angle-data." The observed 

spectra have been normalized to integrate to a total number of neutrons of 

unity. The energy is expressed in dimensionless units by dividing through by 

the average energy of the distribution in q_uestion. We note that only small 

deviations from a standard shape are apparent. A plot on a logarithmic scale 

exhibits some of the deviations in the tails of the spectra which, however, 

are less well determined experimentally. 

A more compact.way to study the hypothesis of a standard shape of the 

evaporation cascade spectra is to examine the various distribution moments. 

For a standard intrinsic shape, all higher moments should be deducible from 

the first: for example, the ratio of the nth root of the nth moment (vn)l/n 

to the first moment (v1 ) should be a constant, and a plot of (v1 ) vs (vn)l/n 

should fall on a straight line through the origin. Such plots, including up 

to the fourth moment, are illustrated in Fig. 6. We see that.the data from 

rather different conditions of emission appeg,r to satisfy this test for a 

standard shape rather well. The neutron spectra discussed in BTMS (for 

average light- and heavy-fragment groups) are also consistent with the 

standard shape in Fig. 5, .as they should be, since they represent certain 

averages of the data there. The analysis of those shapes in terms of super-

po~itions of evaporation spectra enables us to write down an analytical 

formula for the shape ,0( TJ/TJ) in Fig. 5. Using the set of three temperatures 

and weights corresponding to line 8 of Table 6 in BTMS--i.e., T
1

=0.9266, 

T2=0.3311, T3 =o.o~61; and a 1=0.6112, a 2=0.3790, and a
3

=0.0098-- we find 

.0(x) = L365x exp(-x/0.669) + 6.63x exp(-x/0.239)+ 8.8x exp(-x/0.033), 

00 00 

where x stands for TJ/~. . Note. that !a ,0(x) dx = 1, and !o x )i(x) dx = l. 
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Fig. 5· The center-of-mass neutron energy distribution normalized 
to integrate to unity and expressed in dimensionless units 
(T)/T)). Data (uncorrected for dispersion) for six different 
fragment masses are plotted. - (No selection .in EK.) 
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EK 
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160 

{1)- 2 -(21 

(41h moment 1114 -
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-
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(a) 
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Fig. 6. The relation of the-first:moment of the center-of-mass 
velocity distributions to the higher moments of the velocities: 
(a). the f,irst vs the sq_uare root of the ·second, (b) the first 
vs the cube root of the third, (c) the first vs the fourth root 
of the fourth moment. The unlabeled points correspond to 
different fragment masses ranging from A~ 85 to A~ 165, with 
no selection in the kinetic energy EK. The effect of selecting 
kinetic energies as well as masses is shown. by the labeled points. 
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To illustrate the use of this formula, suppose we are given that, in 

an evaporation cascade, an average of 2.9 neutrons were emitted with an 

average energy of 1.4 MeV. Then the number of neutrons with energies between 

~ and ~ + d~ predicted by our formula would be given by 

It wo~ld be interesting to investigate the extent of the validity of the 

standard shape .0(x) in' evaporation cascades other than those following from 

the de-excitation of· fission fragments and in the case of the fission of 

nuclei other than Cf252 . 

C. Neutron Number and Energy as a Function of Fragment Mass 

One of the more interesting facts concerning fission neutron emission 

is the variation of the average number of 

the mass of the fragment. The results of 

been recently well summarized by Terre11. 5 

neutrons per fragment, v(A), with 

2-4 
experiments on this topic have 

We present here a new measurement 

of greater statistical accuracy than previous ones, and also give the average 

energy and width of the neutron spectra associated with the fragments. 

The new results on the variation of v with fragment mass are shown in 

Fig. 7. It can be seen that the two methods of analyzing the data discussed 

in the preceding section are in excellent agreement. Although the small-angle 

data are included in the "all-angle" data, they receive relatively little 

weight because of the sin e factors. The dominant angle in this set is in 

fact 90 deg. The data presented in Fig. 7 have been corrected for mass 

resolution in addition to the corrections already discussed. The method of 

unfolding the mass resolution is that suggested by Terre11. 5 Its application 

here is discussed in Appendix C. 
• 
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Fig. 7· The variation' of the number of neutrons per fragment with 
fragment mass. The circles correspond .to data taken at small 
angles from the direction of motion of the fragments. The 
s~uares correspond to data taken at all angle~. (Corrected for 
resolution). · 
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- 4 Our data differ from those previously reported in three respects_. 

First, the variation of v with mass is much greater than in the earlier 

experiments. As many as four neutrons are emitted on the average from mass 

120, whereas in all likelihood fewer than one is emitted by masses near 132 

and 85. Second, in additionto the fairly steady_increase in v in going 

through each mass peak, there appears ·to be a leveling off in the region of 

the most probable yields. In fact, there is even a statistically significant 

peak at about mass 95. Finally the average number of neutrons from the light 

fragment is about 2o% greater than from the heavy. This difference is more 

accurately found as vL/vH = 1.17 ± 0.03 in BTMS. 

4 . In Fig. 8 we compare our results with those found by Whetstone by 

using a high-efficiency neutron detector, and those_ deduced by Terrell5 from 

a comparison of prompt mass yields and final chain yields. The agreement 

with Terrell's values .is excellent, even though he g_uotes a rather large 

error. 

A new g_uantity found in the present work is the average c.m. neutron 

kinetic energy~ as a function of fragment mass (Fig. 9). From these values, 

together with the values for v from Fig. 7 and the neutron binding energies 

calculated by Milton,
6 

we are able to find that part of the excitation energy 

which is carried away by neutrons. The result is shown in Fig. 10 for the 

individual fragments, while the total on both fragments of a pair is shown 

in Fig. 11. Thus we see that although this excitation energy En varies a 

great deal for single fragments, the total excitation for both fragments is 

more nearly uniform, showing a shallow minimum at around the most probable 

mass division. 

Figure 12 shows plots of v vs fragment.mass for several values of the 

total kinetic energy release. It is clear that a basic saw-toothed distribution 
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of the excitation energy exists that persists ev~n when_ the kinetic energy. 

release is low, in which case the total final excitation energy of the fragments 

~ is around 40 or· 50 MeV. Estimated .excitation energies may be obtained from 

Table VII which contains binding-energy .and energy-release data calculated by 

Milton.
6 

D. Neutron Number and Energy as a Function of Kinetic Energy Release 

In Fig. 13 we illustrate the variation of v with the total kinetic 

energy EK. No essentially new features are evident over those found in the 

earlier work of Stein and Whetstone, 7 who had less statistical accuracy and 

somewhat poorer energy resolution. Inasmuch as EK = E(total)-~, the slope 

~/dv is expected to be the average energy per neutron, and that is what it turns 

out to be .The value calculated from the weighted avera.ge binding energy ( 5. 2 MeV) 

and the average c.m. neutron kinetic energy (1!4 MeV) is 6.6 MeV, in good 

agreement with the observations. Unlike the case of the earlier experiment, 

our data enable us to look at v(EK) for selected masses as shown in Fig. 14, 

and the picture is'not significantly altered. The outstanding feature is the 

one discussed in the previous sectionj .that is, the division of energy between 

the fragments near symmetry remains uneQual even at high total excitation 

energies. 

A new result of this work is given in the curve of ~ versus EK in 

Fig. 15. The variation is nearly a straight line of slope d~/dEK = -0.012. 

A more detailed presentation of the experimental variation of ~ with EK for 

selected masses is shown in Fig. 16. 
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IV. DISCUSSION 

The picture that emerges from our analysis of the neutrons emitted in 

the spontaneous. fission of Cf252 .is a mixture of simplicity and complexity. 

On the one hand, the si,rnple hypothesis of isotropic evaporation from moving 

fragments, although not q_uite accurate within the precision of our experiment, 

describes the overall features of the neutrons q_uite well, 'even when special 

groups of fission events are selected. Deviations from isotropic evaporation, 

which might well have ~een expected to be appreciable if the breaking up of the 

neck connecting the fragments had been sufficiently violent, appear instead to 

be small. An assessment of the significance of this result in placing an 

upper limit on the violence of the snapping of the neck will req_uire further 

theoretical studies of this difficult problem. A beginning has been made by 

8 
,Fuller. According to Fuller's estimates, a degree of violence of the snapping, 

described by a complete severance of the neck in 2.5 X lo-25 sec, would result 

in the ejection of_ about 1.5 neutrons per fission. Assuming that the 

angular distribution and energy of such neutrons would not by accident be 

such as to make them indistinguishable from evaporation neutrons, we could 

conclude on the basis of his results that the severance of the neck must be 

more gentle. 

Another simplifying feature of our results is the existence of a 

standard shape of the evaporation cascade spectrum which approximately repre-

sents the energy distributions of neutrons emitted under rather different 

conditions. Again, one might have expected the shape of the spectrum of 

neutrons emitted by fragments around mass 132, where the average number of 

neutrons is anomalously lo~ to be different from the case of the profuse 

emissions around m~ss 120, but in fact the differences are minor. 
9 

A further simple feature of our results is the rather smooth decrease 

of the number and energy of the neutrons as functions of the kinetic energy 
... 
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release for a giveri fragment mass ... The sign and magnitude of the effect is 

that expected on the basis of· primitive est.imates. 

In contrast~ to this, the dependence of the neutron number oh fragment 

mass shows a behavior even more violent than was found by Whetstone. Moreover, 

we find the saw-tooth .behavior dominating. the dependence of neutron nurr:ber 

on fragment mass at all values of the kinetic energy release", . i . .e.·~ over a 

range· of conditions in which the final excitation of the fragments varies 

from about 15 to 50 MeV . 

. In the absence of a quantitative theory of fission, _in particular of 

a theory of the shapes and excitations of fission fragments as functions of 

mass division, an assessment of the significance of these results is not 

possible. It has been suggested that the unusually low excitations found 

around mass numbers 132 and 85 are associated With special features of 

closed-shell nuclei. 3' 10 
A discussion of the role of the special stability 

of closed shells on the· deformations to be expected in·a pair of interacting 

fragments is being prepared by two ·of ~he authors. In any case, if shell 

effects, in one form or another are invoked to explain the deficiency of 

neutrons associated with masses around 85 and 132 it wou,ld seem necessary to 

assume, in. view of the persistence of the saw-tboth even at high final. 

excitations, that at scission the fragments in question are sufficiently cold 

to allow shell effects to have effect, since at high excitations one would. 

expect them to disappear. An estimate of the temperature at which shell 

effects disappe~r may be-obtained if assumptions are made about the behavior 

of nuclear levet densities .in .. ·.the .neighborhood of closed shells. We illustrate 

our discussion with the aid of Cameron's rule for level densities.
11 

Using 

Cameron! s formula, we calculated ·hOW a•,given ·amount of excitation energy would 

be distrib~ted ·on a pair of Gf2 ~o2. fission. fragments assumed to be undisorted 
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and in thermal contact. The result for different total excitation energies-

from 10 to 40 MeV is shown in Fig. 18. It is seen that at low excitation 

energies the results are indeed very suggestive of the experimental saw-tooth 

curve for the excitat.ion energy as a function of mass! but that at excitations 

sufficiently high to emit four or five neutrons there are hardly any shell 

effects left. Figure 19 compares the predicted dependence of the average 

value of v on A_with our measurements. We conclude from this either that 

shell effects aremuch more persistent at high temperatures than_ Cameron's 

formula suggests, or that the nascent fission.fragments are relatively cold 

at scission, at least for those mass divisions in which closed shells are 

involved. In the second case, a large part of the energy that later appears 

as excitation would at scission be bound up in some other form, for example 

as potential epergy of deformation. This conclusion is also reasonable on 

other grounds in view of the magnitude of the deformation energy in a pair of 

interacting fragments, which is suggested by the optimum tangent~spheroid 

configurations of. reference 12. 

If it be true that at scission the Cf252 nucleus is essentially cold, 

· calculations based on the statistical eq,uilibriuin of hot undeformed fragments 

'13 14 
in thermal contact, such as those discussed by Newton, Cameron, and more 

recentlyNewson, 15 would apply, at least in the region of shells. An essential 

feature of the discussion of the conditions prevailing at scission of Cf252 

would entail a consideration of the deformations of the fragments and of the 

associated potential energy. An attempt to take into account the deformation 

energy of fragnients at scission has been made in theearlier statistical 

16 studies by Fang. 

A by-product of our study. of. :the neutrons emitted in .Cf fission _is the 

information related to level densities·· of fragment nuclei of different masses 
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contained in the relationship, for a given nucleus, between the number of 

evaporated neutrons v and their average energy T]. The number v being related 

to the initial excitation energy, and the average energy T] to the average 

temperature of the nucleus during the de-excitation, we have in effect an 

implicit relationship between energy and temperature, and thus a possibility 

of studying the level densities of various nuclei. Data of the type that we 

have obtained contain a considerable amount of information on level densities 

which could be extracted by ade~uate treatment of the de-excitation process. 

We do not attempt such an analysis in this paper, but limit ourselves to 

pointing out a few striking features of the results. 

A comparison of the experimental functions v(A) and ~(A) shown in 

Figs. 7 and 9 reveals the surprising fact that whereas the saw-tooth function 

v(A) is, very asymmetric with respect to mass 126, the energy ~(A) is nearly 

symmetric. In particular, fragments around mass 120, emitting an average four 

neutrons, and fragments around mass 132, which emit fewer than one, nevertheless 

evaporate their neutrons with similar energy spectra and very nearly e~ual 

average energies. 

The similarity of the energy spectra of neutrons produced under 

dissimilar circumstances has already been noted in BTMS with reference to 

spectra from average light and heavy groups of fragments, where the difference 

in the average values of V was, however, only 17jo. The present results show 

that the spectra of neutrons from a pair of fragments are similar even when 

the excitation energies differ by several hundred percent. Moreover, the 

spectral similarity of fragment pairs extends over all conditions of total 

excitation, as seen from the approximate symmetry of all the curves in 

Fig. 20. 

If the near-e~uality of the average energies of the neutrons is taken 

as evidence for the ne,ar-e~uality of the effective temperatures of pairs of 
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fragment~ during the evaporation of the neutrons, we are led to ascribe very 

different heat capacities to fragments around mass 120 and those around mass 

132; the ratios of excitation energies necessary to produce the same temperature 

in the two regions are .of the order of 4-to-l, or more. A plot that brings out 

this difference is shown in Fig. 21, where the sq_uare rootof the excitation 

energy per particle is compared with the average energy of the emitted neutrons 

for different masses. For a simple evaporation process governed by a temperature 

proportional to the sq_uare root of the excitation energy per particle, the above 

two q_uantities would be in a fixed ratio. We see that, in fact, if the ratio 

is normalized to about unity over the region of the light peak, a large 

difference is found in the mass range 130 through 140. 

A more detailed examination of the relationship between excitation energy 

and ~ for four fragment masses is shown in Fig. 22. The value of ~ is 

plotted vs the sq_uare root of Ex/A. The value Ex was taken tobe eq_ual to En 

augmented by 2.5 MeV, an estimate of the contribution to the internal ex

citation energy per fragment associated withy rays. 17 Again, if ~ could be 

taken as a measure of the temperature, and the temperatures were proportional 

to the sq_uare root of the excitation energy, such a plot should give a set 

of straight lines whose slopes would be related to the effective specific heats 

(a large slope implying a small specific heat). We note that the experimental 

points show considerable deviations from straight lines (some may be 

associated with poor statistics) but that the general trends again suggest 

very low effective specific heats in the region of masses around 133· Small 

specific heats are indeed to be expected for nuclei in the neighborhood of 

closed shells, the smaller number of effective degrees of freedom for such 

nuclei implying a higher en~rgy per degree of freedom and thus a higher 

temperature for a given total excitation energy. This may againbe illustrated 
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with the help of Cameron 1 s rule for level densities. The more lightly drawn 

curves in Fig. 23 show how.different temperatures would be found in different 

nuclei excited to the same energy (this energy appears on a label to each 

curve on the left side of Fig. 23). We see that in the region of closed 

shells a given excitation produces unusually high temperatures. The sets of 

temperature curves in Fig. 23 were combined with the experimentally determined 

average excitation energies of different fragments, to produce the heavily 

drawn curves in Fig. 23 showing the temperature after the emission of one, 

two, three, or four neutrons by different fragments. (The observed average 

.temperature of neutrons from a given fragment would correspond to some average 

over such a cascade.) We note that the sudden decrease .in temperature due 

to the falling excitation in the region between masses 120 and 132 tends to be 

counteracted by the increasing temperature for a given excitation in the same 

region. The pattern of heavy curves in Fig. 23 may be compared with the 

experimental average energy ~(A) in Fig. 9· Although definite conclusions 

cannot be drawn from this comparison, owing to the schematic nature of the 

calculations, it would appear that taking account of the smaller specific 

heats of closed-shell nuclei might tend to reproduce the general pattern of 

the experimental trends in T], and that perhaps with some modificat.ions in the 

level density formula, even ~uantitative agreement might be found. On the 

other hand, it should perhaps be pointed out that th~ way of reconciling the 

violent asymmetry of the saw-tooth curves for v(A) and the approximately 

symmetric curves for ~(A) would, at our present level of understanding, be in 
( 

the nature of an accident, with the specific heat of closed-shell nuclei just 

low enough to bring the average temperature up to the same value as that of 

the much more highly excited nonrnagic partner. A more direct way of inter-

preting the approximate e~uality of the temperatures of pairs of fragments 
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(the approximate symmetry of the curves for ~(A) in Fig. 7) would be to assume 

that the two undeformed fragments established their common temperature while 

in thermal contact at scission-the point of view of Ne~ton, 13 Cameron,
14 

and 

Newson,
15 mentioned earlier, which we believe to be difficult to reconcile 

with other aspects of fission. A clarification of the relations of the different 

hypotheses to the experimental data will re~uire a more thoroughgoing analysis 

than we attempt here. 

V. CONCLUSIONS 

In conclusion, we would like to make two remarks concerning possible 

theoretical and experimental studies suggested by our experiment. 

In the first place, we would like to stress that our principal 

objective has been to present the experimental results in a reasonably complete 

manner, and that a theoretical interpretation has not been aimed at. 

When we do make comparisons with primitive theoretical e.stimates, it 

is more to bring out certain features of the data than to present a critical 

confrontation of theory and experiment. We hope that such a confrontation, 

dependent on the working out of an ade~uate theory, will be made .in the future, 

and that the information contained in our experimental results will be ex-

plaited more fully than has been possible in this paper. 

The second remark concerns the directions that we think future ex-

periments on fission neutrons might profitably explore. It was in the nature 

of our experiment, aimed as it was at a relatively comprehensive study of the 

manifold neutron and fragment distributions and the resulting profusion of 

recorded events, that the analysis of the data came long after the actual 

measurements were over. As a result we are sometimes faced with the situation 

that an interesting effect suggested by the data--for example the deviations 

... 
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from isotropic evaporation--remain poorly defined either on account of in-

sufficient accuracy, or the absence of cross-checks to eliminate alternative 

explanations. ·we feel that now, with the overall nature of the neutron 

distributions established, .it would be relatively easier to design more 

specialized experiments to study in detail and with high precision one or 

another of the interesting features suggested by our results. It is even 

reasonable to expect that the more decisive tests of our understanding of 

the process of nuclear fission and of the properties of fission fragments 

would come at this second, high-precision stage of the experimental studies 

of fission neutrons. 
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APBENDICES 

A.' Formula for the nth Moment of the Center-of-Mass Neutron Spectrum 

Using the relation between the laboratory-system velocity V and the 

center-of-mass veJ.pcity v, we have \ 

2 
v v2 + v 2 - 2v v cos e, 

f f . 

where Vf = fragment velocity. Using the Jacobian of the transformation from 

c.m. variables v,?jJ to the labvariabies.v,e, 

J (Y-il/1.'\. l v ! 
\_v,e) = v 1-' 

we find the following expression for the nth moment of the c.m. velocity 

. distribution (assumed isotropic): 

[ v)}l-1/ V 2 
(V-V ~OS 8) J L: E:(v) 

(vn) i f 
i' (n> o). 

L: [$ (V~Vf cos 8 ) J 
i i 

The sums are carried out, event by event, over all events for which V-Vf 

cos e ;;;:. o. 

The denominator in the above expression may be defined as the zeroth 

moment 
' 0 . 
( v ) . The number of neutrons with center-of-mass velocities greater 

than vf sine is then given by 

where CD = solid angle subtended by counter, and R = number of fissions recorded. 

The number of neutrons with center-of-mass velocities less than Vf sin 8 

(and which is therefore missed in the above expression) is very small. if e 

is small. For an evaporation spectrum with effective temperature T, the 

fraction missed is approximately T) 
2 /2T

2
, ~here T) is the energy corresponding 

, C C· 

to Vf sin 8. In our case, with 8 = 11.25 deg and T = 0.7 MeV, this fraction 

is 0.16%. The effect on the higher moments is even smaller. 
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B. Corrections for Calculating Center-of-Mass Neutron Spectra 

1. Neutrons Coming from the Opposite Fragment 

For those data that rest solely upon the 11.25-deg results, the 

correction made necessary by the additional neutrons from the fragment 

traveling in the direction away from the detector may be made with the aid 

of p curves such as those in Fig. 23 of BTMS. In this way it was found that, 

for average fragments, v 1 and vH must be reduced by O.Jfo. For nearly symmetrical 

fragments, the contribution of the heavy to the light is negligible, but the 

contribution of the light fragment to the heavy is ~ 1%. 

The influence on the average c.m. energy is similarly small, so the 

entire correction has been neglected for the small-angle data. 

Although at first sight it might seem difficult, it is actually rather 

easy to correct the all~angle data for the loss of neutrons from the light-

fragment into the heavy-fragment hemisphere and yice versa. Provided that the 

emission spectrum is isotropic and given by a superposition of evaporation 

spectra of the type 

exp [ -TJ/T] 

' 
it can be shown that the number "lost"into the backward hemisphere L is 

given by 
00 

L (0.5226/T)J (1-cos?/J ) v3 exp[-0.5226 v
2 

/T] dv. 

VF 

The integration is most conveniently expressed in dimensionless form through 

the vari:able 

where T)f is the· fragment energyj then 
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2L = (2n)1 / 2 ¢ (t) - (n/2)
1

/
2 

t (0.5 - erf t), 

where ¢ is the normalized Gaussian, and erf the error integral as defined in 

the Handbook of Chemistry and Physics. The result is shown in Fig. 24 for 

several values of the temperature. Thus, if the relation between fragment 

mass and velocity Vf is known, the observed neutron results v may be corrected 

to v' by using Fig. 24 and the relations 

/ and 

r(l~LL) VH - L v J I L L ( 1-L -L ) 
I L H · 

For Cf252 , L varies from a low of 0.03 at A= 80 to a high of 0.24 at A= 160. 

The effect of neutron velocity resolution on v is less than 4%, in-

dependent of A. The effect on ~ would be to reduce the average energy by 

about 3% overall. 

2. Correction for Zero Efficiency at Low Laboratory-System Velocities 

This correction is unnecessary for the 11.25 deg data, since at no 

time are velocities less than l cm/nsec used; however, it is q_uite important 

to the all-angle data. Its presence shows up in v simply as a fractional loss 

of events that is nearly independent of the velocity of the fragments. Thus 

the number of neutrons found with velocities greater than the cutoff velocity 

of l cm/nsec was 3·35, to be compared with the known total of 3.82. Accordingly, 

in plotting the sq_uares in Fig. 9, all values for v were multiplied by the factor 

1.14 to force the total number of neutrons observed to be eq_ual 

to 3.82. The cor~ection is rather large for the average energy, entailing a 

reduction by as much as 5o%. These results have not been presented because 

of the difficulty in estimating an accurate correction of this magnitude. 
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L 

vf (em/ nsec) 

MU -26993 

Fig. 24. Frac-tion of ·neutrons L) going into the backward 
_ hemi?J2here in the_ laboratory system as a function of the 
temperature of the spectrwri and the fragment velocity. 



-.24...,, UCRL-10139 

C. . Corrections for Disper,sd..on , 

In almost ali cas·l~, the most serious cor'r~ct:lons were those of mass, 

or energy resolution arising from the'spread in the measured fragment-flight 

times. The indicated variances of the niass distribution crA
2 

kinetic energy distribution crK
2 

were 7.0 (mass units)
2 

and 83 

and the total· · 

2 (MeV) , 

respectively corresponding to widths.(FWHM) of 6. 2 mass units ana 21.5 MeV. 

Although a mass resolution of 6.2 units is too large to reveal afiy appreciable 

fine structure resulting from a single mass, it is nevertheless small compared 

' ,', 18 ' 
with the width 15.2 of the intrinsic mass peak. On the other hand, the 

' 4 6 14 intrinsic width of the total kinetic energy distribution is 2 .. • . MeV, and 

the resolution width of 21~5 MeV is anything but small. We should therefore 

not expect to see any fine-structure effects whatever in the total kinetic 
) 

energy. 

Because of the q_ualitative difference in the size of the mass and 

energy resolutions we adopted a different procedure in correcting for them. 

In the case of the mass, the procedure used was one suggested by Terre11. 5 
!" 

Provided that over the range of the resolution function the observed distribu-

t.ion is everywhere adeq_uately approximated by a polynomial of degree 3 or less, 

it can be shown for symmetrical resolution functions that the true distribution 

may be found from the observed G by the fold 

g(x) = J G(x-y) u(y) dy, 

where u(y) is an undispersing function. The only condition that must be 

satisfied by the function u is that it have a variance eq_ual in size, but 

opposite in sign, to the resolution function. 

The method outlined above is extremely neat and easy to use when it 

is applicable. However, it will lead to false results if the cubic expansion 



-25- UCRL-10139 

is insufficient, and this W·ill often be the case when the resolution width 

is comparable to the intrinsic width.' In fact, this was the case of- the 

energy resolution _in our experiment. Of course, it is possible to allow 

for an expansion up to the fifth degree by including the fourth moments, but 

these are generally not well known. Although general methods are available 

involving Taylor's expansion,. and consequently requiring the evaluation of 

the first and perhaps second derivatives of the experimental distribution 

function, the total kinetic energy distribution is sufficiently Gaussian 

that we may apply a useful but special method. If the resolution function is 

also Gaussian with a variance a2 , while the variance of the observed distribu

tion is s 2 , then any linear function of the independent variable x given by 

y = a + bx will be observed as a straight line with the equation 

In particular the "calibration" equation y = x will have its slope reduced to 

2 2 
(1- a /s ). , Thus, in Gaussian intrinsic distribution and resolution functions, 

any observed function of x may be resolution-co:rrected simply by plotting the 

value at the corrected x point. 
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D. Data Tabu1at.ions 
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Table I. The average number of neutrons per fission (center-of-mass system) 

as functions of fragment mass and total kinetic energy. 



'• 

AVERAGE NUMBER OF NEUTRONS (CENTER OF MASS) 

144.7 o. o. o. o. o. o. o. " o. o. o. o. o. o. 146.5 
..... 

o. 0. o. (J. o. o. o. o. o. o. o. o. o. o. 148.2 o. o. o. o. c. o. o. o. o. o·. o. o. o. o. 150.0 o. o. o. o. o. 1). o. o. o. o. o. o. o. o. 151.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 153.5 o. . 0. o • o. o. o. 0. o. o. ·o. o. o. o. o. 155.2 o. o. o. o. o. o. c. o. o. o. u. o. o. o. 156.9 o. o. o. o. o. o. o. o. o. o. o. c. o. o. 
158.7 0. o. 'o. o. o. o. o. o. o. o. 2.0999 2.4035 o. o. 160.4 o. o. o. (i. o. o •. c. o. o. 3.5416 1.9095 o. 2.8665 4.1868 
162.2 o. o. o. o. o. o. G. o. o. 2.2472 1.5965 2.5271 2.3952 3.3106. 
163.9 c. o. c. o. o. o. o. 1.4356 1.6138 3.2441 1.8814 2.1191 2.6864 3.3920 
165.7 o. 0. o. o. o. o. o. o. 1.8069 2.~224 1.7626 1.9312 2.8219 3.3171 
167.4 o. o. o. o. c. o. o. 0.8718 1.3660 2. 22 36 2.1980 1.8759 2.9669 3.1079 

> 
169.1 o. o. o. o. o. c. o. 0.7047 1.2204 1.6106 2.0094 1.8053 2.4444 2.8605 
170.9 c. o. o. o. c. o. o. 0.6582 0.9905 1.5645 1.9308 1.7575 2.2001 2.5966 ~ 
172.6 c. c .. o. o. o. o. o. o. 0.· 1. 0213 '1.5547 1.7116 1.7691 1.9353 2.2374 

~ 
174.4 o. o. o. o. o. o. c. 0.6796 l. 1537 1.4873 1.5451 1. S9()7 1. 8566 2.0988 
176.1 o. o. o. o. o. o. o. o. 1.1950 1.2311 1.6095 1.5203 1.5970 1.9567 [5 177.9 o. o. o. o. c. o. o. o. 1.2291 1. 1355 1.3932 1.2250 1.5347 1.8179 

~ 179.6 o. o. o. o. o. o. c. o. 0.9153 1.0863 1.4136_ 1.2337 1.3587 1.5872 
t.:l 181.3 o. o. 0. o. o. o. o. o. 0.9461 1.130 3 1-2205 1.1211 1.3081 1.4646 I 
H 

183.1 0.7091 N E-< o. o. o. o. o. o. o. o. 1.0595 1.1529 1. 1366 1.1861 1. 3751 00 ~ 184.8 o. o. o. o. o. o. o. o. o. 0. 9313 1.0543 1-0367 1,. 0930 1.3240 H 
:.:: 186.6 o. o. o. o. o. o. o. c. o. 0.8647 0.9713 0.9561 0.9486 1.2055 
!;;] 188.3 o. o. o. o. u. o. o. o. o. 0.8194 1.(\513 0.9984 o .8o 11 1.0574 
E-< 190.1 o. CJ. o. o. o. o. o. o. C,. 0.8502 0.8315 0.9602 0.7151 0.8996 g 191.8 c. o. (1. c. o. o. o. o. o. o. o. 0.9851 0.7049 0.7810 

193.5 o. o. o. o. G. o. o. o. o. o. 0.8509 0.8225 0.5862 0.7119 
195.3 o. o. o. o. o. o. G. o. o. o. 0.9174 0.8010 0.6138 0.1391 
197-0 c. o. o. o. c. o. c. o. c. o. .o. 0.7144 0.5124 0.7109 
198.8 o. o. o. o. o. o. o. v. o. o. o. o. 0.6544 0.724'4 
200.5 o. c. o. o. o. o. u. o. o. o. o. o. 0.6100 0.5334 
202.3 o. (•. o. o. c. o. 0. c. o. o. o. (J. 0.8189 o. 3336 
204.0 o. o. o. o. o. o. c. o. o. o. o. u. o. 0.4969 
205.8 c. 0. o. o. c. o. 0. o. o. o. o. o. o. o. 
207.5 o. o. Q.. o. o. o. . 0. o. o • o. o. o. o. . o. 
209.2 o. o. c. o. o. o. o. o. o. o •. o. c. o. o. 
211.0 c. 0 •· o. o. o. o. o. o. o. o. o. o. o. o. 
212.7 o. o. o. o. o. o. G. o. o. 0. c. o. o. o. 
214.5 c. o. o. (). o. o. o. o. o. o. o. o. o. o. 
216.2 o. a. o. o. o. o. o. 0~ o. o. o. o. o. o. 

68.9 73.2 75.0 77.3 83.C 86.0 88.1 90.6 93.3 96.0 98.9 1(; l. 1 104.5 

FRAGMENT MA:S::J 

/ 



AVERAGE NUMBER OF NEUTRONS (CENTER OF MASS) 

144.7 
146.5 o. o. o. o. o. o. o. o. o. o. o. u. o. o. 
148.2 o. o. o. o. o •. o. o. o. o. o. o. o. o. o. 
150.0 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
151.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
153.5 o. o •. o. o. o. o. o. o. o. o. o. o. o. o. 
155.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
156.9 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
158;7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
160.4 o. o. o. o. o. o. o·. o. o. o. o. o. o. o. 
162.2 o. o. o. o. o. o. o. ;j o. o. o. o. o. o. o. 

163.9 4.5998 6.9224 5.6629 3.5893 7.8946 o. G. 3.1653 2. 7334 o. o. o. 3.3042 4.5974 

165.7 4. 7120 7.4829 5.7262 3.9617 o. 4. 5775 2.5228 o. o. 2.3962 3.7266 2.6978 3.8074 5.2280 

167.4 4.5029 6,2315 4.0223 4.0666 4.a8oo 6.1636 3.3722 o. 3.9096 o. 3.7805 2.9785 3.2366 4.0401 

169.1 3.5820 5.5413 3.9434 4.5347 5.1991 5.0464 4.1387 o. 4.5575 2.0419 3.0863 2.6450 3.1400 3.9734 

> 170.9 3.0181 4.7583 3.8826 5.0726 5.8289 5.1979 4.5354 o. 4.4374 2.0019 3.5670 2.5164 3. 00 73 3.2522 .. 
r£1 

172.6 3.1764 4.0552 4.2143 5.1653 8.2162 5.8807 5.4895 4.9053 2.7565 1.7506 2.9710 2.4413 2.8772 3.1092 
3 3.0599 3.7657 3.9097 5.4854 7.1100 7.2630 4.5379 3.1807 1.6994 1.9461 2. 7911 2.3761 2.8678 2.7299 
1'; 

174.4 2.8.871 3.1504 3.6461 5.1214 6.5299 6.6857 5.5575 3.3758 1.4002 1.6370 2.1330 2.2973 2.6230 2.6208 176.1 2.4937 3.1001 3.5701 5.0812 4.8678 6.3061 4.8220 3.1930 1.5232 1.8291 2.0884 2.2346 2.4252 2.4035 f5 177.9 2.2737 2.8980 3.3426 4.6007 4.3622 5.6860 5.1227 2.9526 1. 6180 1.6306 2.0983 2.0761 2.2209 2.2383. ~ 179.6. 2.1548 2.7561 3.2835 4.2385 4.1443 5.1819 4.9080 2.6243 1.2461 1.6043 1.8500 1.9796 2.1474 2.1537 
c.;> 1fll.3 2.4451 3.6948 3.9217 4.6244 2.2622 1.6033 1.7367 1.9887 2.0209 

I 
H 

183.1 
1.9463 2. 9822 4.6792 0.9008 1.8599 N E-<. 1.7586 2.2066 2.8529 3.3870 3. 7064 4.5010 4.2855 2.1228 o. 7791 1.4860 1. 5511 1. 7381 1.8339 1.8381 -D Iii 

184.8 :;;,: 
1.5840 2.0179 2.~211 3.0664 3.5678 4.5832 4.3443 1.7728 0.7569 1.3578 1.5434 1.5908 1.6462 1.6201 H 

186.6 :.:: 1.4285 1.9029 2.3007 2.8241 3,3916 4.7181 4.0435 1.6583 0.7498 1.1473 1.4545 1.4378 1.5242 1. 4613 
~·· 188.3 1.3019 . 1.7023 2.0650 2.5690 3.2313 4.3667 't.0747 1. 42 30 0.6787 1. 0811 1. 4011 1.3390 1.4281 1.3911 
E-< 190.1 1.1724 1.5452 1.9420 2.4244 2.8259 3.8064 3.9481 1.2559 0.6245 0.9861 1.2522 1.2646 1. 3210 1.3242 g 191.8 1.1257 1.3722 1.8355 2.2432 2.6517 3.5101 4.0716 1. 0970 0.5501 0.8924 1.1530 1.1932 1. 2217 1.2568 

193.5 1.0313 1.29?0 1.7030 2.0406 2.4982 3.3233 4.0068 0.9867 0.4556 0.7524 0.9981 1.1193 .1.1069 1.1977 
195.3 0.8958 1.1949 1.5662 1.8137 2.5050 3.4696 3.8249 0.8085 0.3807 0.6691 0.9949 1.0442 1.0450 1.0902 
197.0 0.8144 1.0879 1.4687 1.6346 2.3984 3.1340 4.1615 0.7417 0.3321 0.5615 0.8939 0,9885 0.9790 1.0307 
198.8 0.7797 1.0029 1.4165 1.4901 2.2835 3.0308 4.4253 0.61fl3 0.3210 0.4762 0.8862 1.0242 0.9478 0.8970 
200.5 o. 7716 0,A275 1.3571:1 1. 3628 2.1293 2.4784 3.4960 o. 0.3215 0.4304 0.8109 0.9771 0.9086 0.9147 
202.3 a·. 102 8 0.8927 1.1384 1.3566 2.0446 2.2647 3.8651 o. 0.2957 0.4374 0.7817 0.9470 0.9112 0.7264 
204.0 0.7237 0.8167 0.'1617 1.4489 1.8713 Lo056P, 2.9064 c. 0.2645 0.4308 0.7949 0.7794 0.8858 0.6889 
205.8 0.7927 O.!J593 0.9015 l. 5509 - 1.6296 2.5578 3.1403 o. c. 0.3024 0.6388 0.7393 0.8743 0·.6818 
207.5 o. 0.6637 0.9444 1.5890 l. 3 861 3~ 1682 o. o. o. o. 0.7570 0.8084 o. o. 
209.2 c. o. 1.5350 1.5293 1.2774 2.8569 c. (), o. o. o. o. o. o.· 
211,0 o. o. o. 1. 77 86 1.5576 o. o. o. o. o. o. o. o. o. 
212.7 0. o. o. o. o. o. o. o. o. o. o. u. o. .o.· 
214.5 o. o. o. o. . c. o. o. o. o. o. o. o. o. o. 
216.2 o .• o. o. o. o. o. o. ·o. o. o. o. o. o. o. 

107.1 109.6 112.3 114.9 117.4 119.7 121.8 126-5 133.0 135.3 137.7 140.2 142.8 145.3 

FRAGMENT MASS 

.. 



.. 

AVERAGE NUMBER OF NEUTRONS !CENTER OF MASSI 

-144~--7 o. o. o. o. o. o. o. a.. o. o. 1). o. o. o .• 
146.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
li.8 .2 o. o. 1). o. o. o. Q. 0... o. 0 .• 0 .• o. o. 0... 
150.u o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
151~ 7 o~ o. o. o. o. o. o. a.. 0... a.. o. o. o. 0.. 
153.5 o. o. o. o. o. o. o. o. u. o. o. o. o. o. 
15'5.2 o. a.. o. o. o. a.. o. 0.. 0.. o~ o .• o .• a .• 0.. 
156.9 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
.1..58. 7 a~ .a. o. 6 •. 6096 6.22.8.3 a.. o. 0.. o. 0.. o. o. a_. 0.. 
160.4 4.8382 5.1607 3_. 8514 5.1529 6~6535 6.6776 5.0140 o. o. o. o. o. o. 0,; 
162_. 2 3...8231 4.3.LU 3. 7163 4.3.LZ7 6.2.431 5 •. 9601 0.. o. o. a.. a. o. ' o~ o~ 
163.9 4.3448 4 •. 2780 3.9174 4.6572 5.2218 6.5250 6.5706 o. o. o. o. o. Q,; o. 
165.7 4 . ...LLl!t. 4.QQQ6 4c..lb15 4.1454 5 .•. 0.8.2.0 4~0.553 7 .3-'lH o. .o. .0.. 0.. o~ o~ 0.. 

> 167.4 3.8962 3.1381 3.9834 3.7286 4.8857 4.8695 6.4024 3.9257 o. o. o. o. o. o. 
w 1r,o.1 3.~3.5.1.2. 3.7.9.42 3 • .15.n 3.3197 4.0.2.5.7 4.2..0.13 5.9.43..1 2.8548 o. 0.. o. 0 .• .o.. 0.. :::;: 

170.9 3.2597 . 3.4905 3.0679 3.5281 3.1615 4. 5920 5.1110 o. o. o. o. o. o. o. 
>- 112.6 3.~0..8.05 3.lit.m 2.93.62 3.1821 2.95.83 3L8Q98 5. a5.80 3.0815 _o. o .. 0. .• o. ')_. 0.... 
<.9 174.4 2.7806 2_. 7399 3.1912 2. 9130 3.3713 3.2327 3.2552 4.5020 o. o. o. o. o. o. 0:: 
w 11.6.1 h1.16.8 2. 6.3.66 2 •. 908_7 2.5499 3.51.93 3. 5.115 2.49.52 o. o. Q_. 0 .• o .• 0... 0... z 
uJ 177.9 2.3914 2.4846 2.6527 2.4706 3.2718 3.4661 2.0663 o. o. o. o. o. o. Q.; 

u 17:?.6 ,.2..24.42. 2 .2.4.9.3 2 .•. 5114 2 •. 3963 2. •. 8.53.9 3 .• 6867 2 • .5.1..15 n. a_. 0.. :>~ o. 0... .o.. 
f-

181.3 2.0439 1.;9668 2.3898 2.1967 2.6178 3.1064 3.1702 o. o. o. o. o. o. o. 
I w 183 .. ..1 1.896.6 .1.85.51 2.2779 2.0897 2 •. 3948 2 •. 34.2.6 o. o. o. 0... 0 .• o. 0... a .. V) z 184.8 1.7486 1.8575 1.9189 2.0495 2.1145 2.2416 o. o. o. o. 0.; o. o. o. 0 

>L 186 .. ..6 1. 5.00.0 t. 176.5 1.6705 2.0936 2.0612 2.6735 o. o. o. o_._ o-. o. o_. o_. 
..J 188.3 1.4513 1.6075 1.5084 2.1941 2.2052 3.4425 o. o. o. o. o. o. o. o. 
<( 

190.1 h33.6..8 1.!t3.5.0 1. 5.45..7 1. 1.5.9.7 l. 910.8 o .• o. I). '0. 0.. o. o. o~ .0.. f-
0 191.8 1.3596 l. 3661 1.5947 1.6069 2.0725 o. o. o. o. -0. o. o. o. o. f-

]93.;> 1 .... 225.9 1 •. 3.452. 1.6458 o. o. o. c .• o. Q. n. o. o. 0_. o~. 
195.3 1.2400 1.2918 1.4433 o. o. o. o. o. o. o. u. o. o. o. 
llt] .o 1 .• _11.2.7 1 •. 28 L3 1.2979 o. o. o. o. o. o. n. o. o. o. o_.._ 
198.8 1.0638 1.0767 o. o. o. o. o. o. o. u. o. o. o. o. 
200.5 0. 98it.3 ('.9865 1.1084 o. o. o. o. o. o. 0- o. o. o. o .... 
202.3 0.9086 o. o. o. o. o. o. o. o. o. o. o. o. o. 
;:>04.(1 o. o. o. o. o. o. o. n. o. o. n. 0,; o. o_._ 
205.8 o. o. o. o. o. o. o. o. o. o. o. o. o •. o. 
20],5 o. o. o. o. o. o. o. o. n. o. o. o. o. Q_.__ 
209.2 o. o. o. o. o. o. o. - o. o. o. o. o. o. o. 
211.0 o·. o. o. o. o. o. o. o. o. o. o. o. o. a~-
212.7 o. o. o. o. o. o. o. u. o. u. o. o. o. o. 
214.5 o. o. o. o. o. o. o. o. o. o. Q. o. o. o. 
216.2 o. o. o. o. o. o. o. o. o. o. o. o. u. o. 

147 •. 8 150.4 153.2 156.1 159.1 162.0 164.5 166.8 168.6 
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Table II. The average neutron velocity (in the com. system) as functions 

of fragment mass and total kinetic energy. 

/ 



AVERAGE CENTER OF MA!.S VELOCITY OF NEUTRONS tCM/NSECl 

144.7 o. o. o. o. o. o. o. o. o. .. . o. o • o. o. _Q. _____________ 
146.5 o. .0. o. 0. ' o. o. o. o. o. o. o. o. o. o. 
148.2 o. o._ o. o. o. o. o. o •. _____ o._ o. o. o. o. ..11~----150.0 o. o. 0_. o. o. o. o. o. o •. o. o. o. o. o. 
151.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. --·-·--
153.5 o. o. o. o. o. o. o. o. o. o. o. o. b. .0. 
155.2 o. o. o. o. o. o. 0. o. o. o. o. o. o. o. 
156.9 c. o. o. o. o. o. o. o. o. o. o. o. o. o. 
158.7 ·o. . c. o. o. o. o. o. o. o. o. 1.4107 1.4904 o. o_._-
160.4 o. _0. o. o. o. o. o. o. o. 1.3480 1.4759 o. 2.0693 1.7670 
162.2 o. o. o. o. o. o. o. o. o. 1.5452 1.6439 1.4961 1.8159 1.6860 
163.9 c. o. o. o. o. o. o. 1.1452 1.6692 1.7643 1.5777 1.3926 1.1111 1.7227 
165~7 o. o. o. o. o. o. o. _o. - 1.5449 1.8088 1.4783 1.4430 -1.6079 1.7490_ 
167.4 o. o. o. o. o. q. o. 1.2405 1.3886 1.6812 1.5.229 1.4591 1.6064 1.6361 

~ 
169.1 o·. o. o. o. o. o. o. 1.43.0.4 .. 1. 3969. 1.4309 1.5270 1.5048 1.5618 1. 5 84_1t ___ 

> 170.9 o. o. o. o. o. o. o. 1.5231 1.4074 1.3126 1.6081 1. 5159 1.5308 1.4931 w 
3 172.6 o. o. o. o. o. o. o. o. 1.2879 1.3109 1.5483 1.4708 1.5012 -1.5086 

174.4 o. o. (), o. o. o. o. 1.2878 1. 2987 1. 4350 1~4599 1.4322 1.4876 1.4785 
f:j 176.1 o. o. o. o. o. o. o. o. 1.2812 1.3787 1.3892 1.4367 1.4225 1.4557 
!5 177.9 0. ' o. o. o. o. o. o. o. 1.3425 1.4409 1.3253 1.4272 1.3793 1.4342 
f;'i 179.6 o. a. o. o. o. o. o. o. ...... 1..1518 1.3349 1.3662 1.4185 1.3474 1.4170 
(_) 1ill.3 o. o. o. o. o. o. o. o. 1.2080 1.4072 1.2980 1.4070 1.3541 1.4154 I 

~ 183.1 o. o. o. o. o. o. o. o. 1.1175 __ 1.3086 1.3032 1.4143 1.3669 1.3817 
w 
N w 

184.8 o. 0~ o. o. o. o. o. o. o. 1.3376 1.3221 1.4613 1.3498 1.3190 z 
H 

186.6 o. o. o. o. o. o. o. o. o. 1.3863 1.3500 1.4104 1.3474 1.3881. .. :.0: 

H 188.3 o. o. o. o. o. o. o. o. o. 1.4066 1.3708 1.4841 1.3131 1.4180 < 190.1 o. o. o. o. o. o. o. o. .0 .•.. 1.3822 1.2182 1.4071 1.3138 1.3814_ __ E-< 

~ 191.8 o. o. o. o. o. o. o. o. o. o. o. 1.4445 1.2950 1.3239 
193.5 o. o. o. o. o. o. o. ·o. o. o. 1.4159 1o2811 1. 2-857 i.2393 
195.3 o. o. o. o. o. o. o. o. o. o. 1.3261 1.3331 1.4196 1.3062 
197.0 0 •. o. 0_. o. o. o. o. o. o. . o. o • 1.5101 1.4900 1 ~ 31Z..6 ____ 
198.8 b. o. o. o. o. o. o. o. o. o. o. o. 1. 6094 1.3843 
200.5 o. _o. o. o. o. o. o. o-~-- o. o. o. o. 1.5486 ..1.2_1!~1L_ 

202.3 o. o. o. o. o. o. o. o. b. o. o. o. 1.6939 0.9387 
204-.0 o. o. o. o. o. o. o. o. o. o. o. o. o. 1. 23QQ ____ 
205.8 .o. o. o. o. o. o. -o. o. o. o. o. o. o. 0;. 
207.5 o. . 0. o. o. o. o. o. o. o. o. o. o. o. .o. 
209.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
211.0 o. o. o. o. o. o. o. o. o. 0~ o. o. o. o. 
;212.7 o. o. o. o. o. o. o. o. o. o. o. o. 0~ o. 
214.5 o. o. o. o. o. o. o. o. o. o. o. ·o·. o. 0~ 

216.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
68.9 73.2 75.0 77.3 83.0 86.0 88.1 90.6 93.3 96.0 98.9 101.7 1C4.5 

FRAGMENT MASS 



AVERAGE CENTER OF MA'SS VELOCITY OF NEUTRONS ICM/NsECJ 

144.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
146.5 o. 0. o. o. G. o. o. o. o. o. o. o. o. o. 
148.2 o. 0. o. o. o. o. o. o. o. o. o. o. o. .o•-·--·----· 150.0 c. o. o. o. o. o. o. o. . ; . o. o • o. o. o. 
151.7 o. o. o. o. o. o. o. o. o. o. c .. (·. o. 0 .•. 
153.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
155.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. -··-----· 
156.9 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
158.7 o. o. o. o. o. o. o. o. o. o. o. o. o. . ... ,_,0 ..... ______ 
160.4 o. o. o. o. o. o. o. o. o. . o. o. o. o. o. 
162.2 1.5606 1.7570 1.8559 1.9802 2.1258 o. o. 1.8285 1.4372 o. o. o. 1.8015 1.5012 ... 
163.9 1.6655 1. 8044 1.6630 1.9746 o. 1.9174 1.6237 o. o. 1.2625 1.6048 1.6950 1.9006 1.6732 
165.7 1.7111 1.7418 1.6255 1.7354 1.7679 1.7534 1.6635 o. 1. 7126 o. 1.7511 1.7600 1.7916 1. 6212 ... _ 
167.4 1.6588 1.7133 1. 6 32 6 1. 7782 1. 6873 1.5041 1.5596 o. 1.6312 1.3730 1.7255 1.7155 1.7300 1.6011 

.--., 169.1 1.6491 1.6182 1.6726 1.7475 1.6891 1.7686 1.5595 o. 1.6278 1. •. 37.28. 1.6657 1.6319 1.6179 1.51t.'t3.._ 
&'i 170.9 1.6528 1.6172 1.6855 1.7828 1.6995 1.8290 1. 7782 1.9409 1.7877 1.4324 1.6531 1.5291 1.5555 1.5311 
,:;;. 172.6 1.6572 1.6353 1.6565 1.8022 1.6696 1.8216 1.7415 1.8659 1.7848 1.5402 1.5900 1.5357 1.5951 1.5259 __ 

~ 
174.4 1.6371 1.6323 1.6084 1.7758 1.7312 1. 7186 1.7706 1.9858 1.6606 1.5282 1.6064 1.5726 1.5800 1.5213 
176.1 1.5986 l. 5998 1.6182 1. 7 2 50 1. 6779 1.6817 1.7609 1.9429 1.6231 1.6099 1.5878 1.5790 1.5466 1.4930_ 

~ 177.9 1.5583 l. 5628 1.6214 1.6764 1.6631 1.6479 1.8515 1.8263 1. 6413 1.7070 1.6232 1.5926 1.5261 1.4860 
179.6 1.5103 1. 5491 1.6188 1.6658 1.6449 1.6748 1.9328 1.8171 1.6348 1.7246 1.5866 1.5713 1.4955 .. 1 •. 4't.9L_ I 

(.) 181.3 1.4624 1.5381 1.5806 1.6402 1.6531 1.6394 1.8814 1.6856 1.5247 1.7057 1.5894 1.5567 1.4705 1.4287 w 
t:! 183.1 1.4380 1.5094 1.5506 1.6245 1.6422 1.6531 1.8401 1.7758 1. 4831 1.6184 1.5887 1.5206 1. 4217 1.3904 ... 

w 
'-l z 184.8 1.4114 1.4899 1.5116 1.5856 1.6297 1.6719 1.8069 1.6470 1.5143 1.6154 1.5861 1.4721 1.4104 1.3752 H 
><: 18~.6 1.3892 1.4630 1.4977 1.5780 1.5949 1.6982 1.7485 1.6835 1.6181 1.5810 1.5840 1.4500 1.3845 1.3643 .. 
>-1 188.3 1.3661 1.4439 1. 48 3 2 1.5424 1.599,4 1.6862 1.7246 1.7221 1.6094 1.6191 1.5506 1.4406 1. 3811 1.3435 < 
""' 190.1 1.3487 1.4082 1.4777 1.5408 1.5613 1.6364 1. 6663 1.8601 1.6214 1.5900 1.5450 1.4677 1.3517 1 ~3.29.9 ---0 
E-< 191.6 1.3601 1.3842 1.4518 1. 5071 1.5566 1.6145 1.6885 1. 8511 1.5444 1.6338 1.5248 1.4784 1.3567 1.2943 

193.5 1.3269 1.3709 1.4107 1.4891 1.5259 1.5966 1. 6919 1.6948 1.4874 1.6235 1.5472 .1.4841 1.3277 1.3076 
195.3 1.3166 1.3562 1.3785 1.4445 1. 5273 1.5903 1.6576 1.5335 1.4826 1.6516 1.5439 1.4851 1.3139 1.2471 
197.0 1.3006 1.3629 1.3398 1.4153 1.5119 1.5718 1.6742 1.7596 1 .• 3881 1.5195 1.5097 1.4912 1.2836 1-2202 .. 
198.8 1.3608 l. 3508 1.3361 1.3830 1.5099 1. 5 733 1.7206 1.9685 1.4120 1.4245 1.4821 1. 4877 1.2676 1.1228 
200.5 1. 3926 1.3655 1.3137 1.3548 1.4656 1.5547 1. 7103 o. 1.3776 1.3867 1.5240 1.5171 1.2255 1.1556. 
202.3 i. 4140 1.3016 1.3128 1. 4045, 1.4742 1.5301 1.8562 o. 1.3135 1. 68.45 1.6112 1.4728 1. 2891 1.1771 
204.0 1.3032 1.3193 1.2682 1.5548 1.4385 1.4160 1.7167 o. 1.2858 1.7377 1.1588 1.4649 1.2759 1.0887 
205.8 1.2241 1.3705 1.3324 1.6315 1.4917 1.4858 1. 8221 o. o. 1.8693 1.6469 1.3253 1.2996 1.5349 
207.5 o. 1. 40 21 1. 360 9 1.6309 1.4999 1.4661 o. o. o. o. 1.9306 1.3402 o. o. 
209;2 o. o. 1.4253 1. 392 3 1.5108 1.5441 o. o. o. o. o. o. o. o. 
211.0 0. o. o. 1.4392 1.6175 o. o. o. o. o. o. o. o. o. 
212.7 o. 0. o. o. o. o. o. o. o. o. o. o. o. o. 
214-5 

o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
216.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 

107. 1 109.6 112.3 114.9 117.4 119.7 121.8 126.5 133.0 135.3 137.7 140.2 142.8 145.3 

FRAGMENT MASS 



-IWER1fGt CENTER OF MASS VUOClTY OF NEOTRCiNS I CM/NSEC l 

144.7 .o •... .o .• o. o • o. o. o. o. -o. o. o. o. o. ..0 .•.. 
146.5 o. o. o. o. o. o. o. o.· o. o. o. o. o. o. 
148.2 .D. .... . 0 •.. o • o. o. o. o. o. ... 0. .. o. ____ o • o. o._ . .... ··- .0 .... _ 
150.0 o. o. o. o. o. o. o. 0~ o. o. o. o. o. o. 
151.7 0 •. o. o. o. G. c. c. o. .0. o. o. o. o. o •.. 
153.5 c. o. o. o. o. 0. L· • 0·. o. n. (;. r. 0. o. 
155.2 o.- o. o. o. o. o. o. o. o. o. ____ o. o. o. u. __ 
156.9 o. i). o. o·. o. o. o. o. o. o. o. o. o. o. 
158.7 .o •. o. o. 1.6442 1.7238 o. o. o •. o. o •... o. o. o. o._ 
160.4 1.7872 1.8111 1.5778 1.5994 1.7471 1.6683 1.6940 0~ .o. o. o. o. o. o •. 
162.2 1.602~ 1.5358 1. 6627 1. 1t2 rl3 1.7A34 1.7377 o. o. o. n, (). 0. o. o. 
16.3.9 1.5955 1.5105 1.5985 1.5414 1.7115 1.61(;1 1.5895 o. . 0. o • u. \...·. o. o. 
165.7 1. 5442 .. 1.4901 1. 5692 1.5852" 1.6895 1. 5137 1.6978 o. o. o. o. o. o. o. 
167.4 1. 5772 1.4366 1.5535 1.5700 1.6417 1.5156 1.7228 1.4639 o. o. o. o. o. o. 

~ 169.1 1.5915 .. .1.5074 1.5270 1.5308 1.6063 1.5079 1.6728 1.3491. o·. ·- .. o. o. o. o. o. 
:> 170.9 1.5612 1.4830 1.5065 1.4977 1.5275 1. 5011 1. 462 3 o. o. o. o. o. o. o. "' 3 172.6 1. 53-58 1.5006 1.4700 1.4864 1. 4663 1.4742 1.3572 1~5075 o. o. o. o. o. o. 
>< 174.4 1.4789 1.4713 1.4830 1.4720 1.4904 1. 4477 1.2626 1.5648 o. o. o. o. o. o. 
0 176.1 1.4130 1.4898 1.4452 1.4364 1.5064 1.5172 1.3203 o. 0~ o. o. o. o. o. ~ z 177.9 1.4364 1.4553 1.4469 1.4140 1.5299 1.5698 1.5122 o. . o. o. o. o. o. o. 
f£1 179.6 1. 404 5 1.4265 1.4012 1.3981 1.4563 1.5694 1.5856 o. o. o. o. o. o. o. I 
u 181..3 1.3916 1.3683 1.3931 1.3894 1.4282 1.5601 1.7025 o. o. ~ c •. _o. o. o. w H v. 
E-< 18_3.1 1.3894 1.3831 1.4031 1.4261 1.4744 1.3992 o. o. o. o. o. o. o. o. ~ 
1£1 z 181 •• 8 1.4041 1.3875 1.3996 1.3967 1.6467 1.4113 o. o •. o. o. o. o. o. o. H 

"" 18!,.6 1.3430 1.3943 1.4183 1.3598 1.7045 1.3538 o. o. .:· o. o. o. o. o. o. 
>-1 188 . .3 1.3287 1.3635 1.3578 1.3421 1.7062 1.4541 o. o. o.· o. o. o. o. o. ...; 
E-< 190.1 1.2890 1.3459 1.3815 1.3627 1.3964 o. o. o. o •. o •. o. o. o. .o. 0 
E-< 191.8 1.3300 1.3280 1.4597 1.5350 1.6367 o. C:. o.-- o. c. o. 0. o. o. 

19.3. 5 1.2637 1.3193 1.3574 o. o. o. o. o. o. o. o. c. o. o. 
195 • .3 1.3248" 1.3342 1. 430 3 o. o. o. o. o. o. o. o. o. o. o. 
197.0 1.3063 1.4145 1.2967 o. o. o. o. o.·.- o. o. o. .o. o. o. 
198.8 1.4279 1.4004 o. o. o. o. o. o.··. . o. o. o. o. o. o. 
200.5 l. 2702 1.0855 1.1353 o. o. o. o. o. o. o. o. c. o. o. 
202 • .3 1.2456 o.· o. o. o. o. o. o. o. o. o. o. o. o. 
204.0 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
205.8 o. o. o. o. o. o. o. o. . o. o. o. o. o. o. 
207.5 c. o. o. o. o. o. o. o: o. o. o. o. o. o. 
209;2 o. o. 6. o. o. o. o. o. : o. o. o. c. o. o. 
211.0 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
212.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
214.5 o. o. o. o. o. o. . o. o. o. o. o. o. o. o. 
216.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 

147.8 150.4 153.2 156.1 159.1 162.0 164.5 166.8 16·8.6 
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Table III. The average second moment of the neutron velocity distributions 

(center-of-mass) as functions of fragment mass and total kinetic 

energy. The second moment is equal to the average energy (MeV) 

divided by the factor 0.5226. 

• 
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146.5 
148.2 
150.0 
151.7 
153.5 
155.2 
156.9 
158.7 
160.4 
162.2 
163.9 
165.7 
167.4 
169.1 
170.9 
172.6 
174~4 
176.1 
177.9 
179.6 
181.3 
183.1 
184.8 
186.6 
Hl8.3 
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o. 
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a. 
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a. 
o. 

o. o. o.- __ o_.___ 2.5335 
o. o. o. 2.0421. 2.6418 
o. o. o. 2.900a 3.3235 
a. 1.5439 3>3951 3.7361 3.0415 
o. o. 2.9474 __ 3 ... <:!383 2~6587 
o. 1.6349 2.3a32 3.3907 2.7262 

. o. o. 2~ .. 45.72. ~2.2782 __ _2. .. 473L 2 •. 7.141 
o. o. 2.87a4 2.2834 1.9903 3.0~37 

o. a. o. 1~9a67 1.9839 2.8135 
o. o. 1.9129 1.9483 2.4637 2.5317 
a. o. o. 1 •. 9267 2.3a74 2.2494 
o. o. a. 2.1179 2.59a5 2.0768 
a. 0. o. .1 .• _5b.5.L 2. 17.06.. 2.1887 
a. o. o. 1.8397 2.4a5o 1.9728 
o. o. o. 1.6853 1.9705 1.9963 
o. o. o. a. 2.0896 2.13a8 
o. o. o. o. 2.2262 2.1657 
o. o. a. o. 2.3293 2.2297 
o. o. ·a. o •. _ . 2 •. 1055 1.616.4 
o. 0. o. 0. o. 0. 
o. o. o. o. ~- 2.2901 
o. o. o. o. o. 2.0145 
o. o. a. o. _Q_.. o. 
o. o. o. o. a. o. 
o. o. __ p_._ o~--- __ o_.__ _ _____ o._ 
o. o. o. a. o. o. 
o. o. _a_. _______ o_. o. o. 
a-. o. a. a. a. o. 
o. o. o._, ___ o_._ o. o. 
o. o. a. a. a. o. 
o. __ Q. __ ()_. _. ______ Q_,._ ___________ a. o. 
o. o. a. o. a. o. 
o. o. q. _______ _a. _____ o._ o. 

. o _. _ __ . _a_,._ _________ .9_. ___ . o. . o .• :. ···--·-- .. , _ . o. 
83.0 86.0 88.1 9a.6 93.3 96.0 

FRAGMENT MASS 

0;; 
o. 
o • 
o. 
a. 
o. 
o. 
o. 
2.6547 
a. 
2~8355 
2. 3134 
2.4889 
2.5415 
2.7267 
2.7981 
2.5936 
2.4814 
2.4927 
2.4947 
2.4610 
2.43a7 
2.46aO 
2.6706 
2.5181 
2.8746 
2.5638 
2.6569 
1.8885 
2.a695 
2.7649 
a. 
a. 
a. 
o. 
o. 
o. 
a. 

a. 
a. 

.. __ o_. ----
a. 

a. ___ o .. ___ _ 
a. ci. 
a. --· ---_Q_~---
a. o. 
.a... -- .0 .• ____ _ 
a. o. o. ____ _o_,._ __ _ 
5.18la 3.6101 
4.0586. _3_.260 .. 6 __ 
3.5211 3.3681 
.3. 0440 __ 3.5_3_ll___ 
3.0414 3.0982 
2. 920.8 __ .2-"-~--
2.8083 2.627a 
2. 721a 2._7_Q3_3 __ 
2.6876 2.5757 
2.4487 __ 2.489_1_ __ 
2.2850 2.4317 

.. 2 .16.94 .. 2 ... 3.9.65~ 
2.2106 2.4a94 
2. 2753.. .2.29_17 __ _ 
2.2235 2.296a 
2~2294 __ 2.3lt_IU_ 
2.1a96 2.4748 
2 .lO'l2 ____ 2..-3ll3._ 
2.0158 2.1586 

_2.0242 _ _1.83_8_4 __ _ 
2.5a01 2.0719 
2. 765J __ 2__._Qil68_ 
3.1357 2.3051 
z . 11o u __ l.._'l!t9T __ 
3.1538 0.8661 
o. _______ _1_._62~~-
o. o. 
o. ____ o~-----
o. o. 

o. __ a. _____ ..9._. __ _ 
a. a. o. 
o. o.____ ... ___ Q. .. ______ _ 

_o_.,__ ____ Jl .. _________ o ___________ ..... 

98.9 101.7 104.5 



144.7 
146.5 
148.2 
150.0 
151.7 
153.5 
155.2 
156.9 
158.7 
160.4 
162.2 
163.9 
165.7 
167.4 
169.1 
170.9 
172.6 
174.4 
176.1 
177.9 
179.6 
Hl1.3 
183.1 
184.8 
186.6 
188.3 
190.1 
191.8 
193.5 
195.3 
197.0 
198.8 
200.5 
202.3 
204.0 
205.8 
207.5 
209;2 
211.0 
212.7 
214.5 
216.2 

a_. _______ o •---- .... ----· 0. 
o. o. o. 
Q •. -- -- . Q_._ ______________ .o.. --
o. o. o. 
Q_. ____________ Q_.- o. 
o. o. o. 
o. _ _ ____ o._ _ o. 
o. o. o. 
o .________ _ _ o_._ ___ . _ o. 
o. o. o. 
2.8241 3.6429 4.0892 
3.1875 3.7454 3.1199 
3.4411 3.5082 3.0460 
3.2673 3.3593 3.0192 
3.2.614. _3.020.8- _3.2488 
3.2775 3.0417 3.3194 
3.2771 3.1498 3.2491 
3.2117 3.1636 3.0364 
3.0537 3.0304 3.0741 
2.9083 2.8983 3.0943 
2.709_4_ . 2_.847_6 _3.1096 
2.5445 2.8260 2.9603 
2.4694 2.7224 2.8481 
2.3880 2.6569 2.7065 
2.3162 2.5617 2.6764 
2.2346 2.5066 2.6298 
2. 185.5.- _z. 39_00__ 2. 6194 
2.2296 2.3083 2.5307 
z,t13i_2,25a5 2.3983 
2.0918 2.2095 2.2797 
z_ • .PJ9~ ___ 2 .v_zo _ 2 .13oo 
2.2239 2.2405 2.1144 

__ 2_,33_61___ 2,2'J93 2~0499 
2.4821 2.~284 2.0790 
2.018J 2.13o2 1.8879 
1.7983 2.2889 2.0423 
o. ____ z.3988 2.0382 
o. _o. 2.2514 
o. o_._ ___ o. 
o. o. 0. 
o. o. o. 
o. o. o. 

AVERAGE CENTER OF MASS ENERGY OF NEUTRONS tMEV/.5226) 

o. 
o. 
o. 
o. 
_o. 
o. 
o. 
0·. 
o. 
o. 
4.5194 
4.6303 
3.5971 
3.7668 
3.6085 
3.7715 
3.8485 
3.7361 
3.5311 
3.3281 
3.3059 
3.2236 
3.1594 
2.9980 
2.9590 
2.8295 
2.8394 
2. 7165 
2.6682 
2.5087 
2.4091 
2.2888 
2.1428 
2.3499 
2.9508 
3.2941 
3.3504 
2.2677 
2.5606 
o. 
o. 
o. 

o. 
o. 
o_. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
5.0043 
o. 
3.6616 
3.3658 
3.33.98 
3.3917 
3.2296 
3.5264 
3.3112 
3.2683 
3 • .1844 
3.2053 
3.1646 
3.1298 
3.0047 
3.0339 
2.8880 
2.8605 
2.7467 
2.7505 
2.7088 
2.6907 
2.5311 
2.6002 
2.4748 
2.6240 
2.6726 
2.8193 
3.2768 
o. 
o. 
o. 

. o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o._ 
o. 
o. 
4.4568 
3.6938 
2.5650 
3.7645 
4.0509 
3.9941 
3.5290 
3.3048 
3.1526 
3.2640 
3.1597 
3.2316 
3.3024 
3.4194 
3.3878 
3..2051 
3.1232 
3.0342 
3.0073 
2.9116 
2.9184 
2.8533 ' 
2.7862 
2.3410 
2.6312 
2.5405 
2.9112 
o. 
o. 
o. 
o. 

o •. 
o. 

--- o_._ 

o .• _ o. __ .. 
o. o. 

___ o_. ____________ o. __ 
o. 
o. 
o. 

o.- o. o. o. 

o • 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
0·. 
o. 

, __ o. __ o... ____ o_._ o. 
o. o. o. o. 
o.. ____ o __ • __ . . o.__ o. 
o. o. o. o. 

_Q.____ _o_._ o,__ o. 
o. o. o. o. 

o. 4.4068 2.3454 o. o. 
3.3160 o. o. 1.8985 3.0961 
3.3303 o. 3._4782 o. - 3.5010 
2.7332 o. 3.1760 2.1438 3.3880 

_ 2. 7512 __ o. _________ 3 • .ll_L'L 2_,._2_43.8 .... 3.1590 
3.7365 4.5453 4.0391 2.4583 3.1932 
3.6898 4.2441 3.9478 2.84_49_ 2.9585 
3.7306 4.6460 3.4418 2.6932 3.1203 
3. 7303 4.4698 3_.0233 __ )_.0596 3.0310 
4.0806 4.0255 3.1408 3.4501 3.1610 
4.468't. 
4.2196 
4.0143 
3.8756 
3.6202 
3.5476 
3..2370 
3.3461 
3.3925 
3.3097 
3.4159 
3.4741 
3.4173 
4.0171 
3.5697 
4.0802 
o. 
o. 
o. 
o. 
o. 
o. 

4.0140 3.0974 3,588_2 2.9991 
3.3657 2.7447 3.4806 2.9780 
3.6622 2.6471 3.1317 2.9936 
3.1593 2.6812 3.0792 2.9678 
3.3309 3.0629 2.9564 2.9685 
3.6186 2.9669 3.1055 2.8018 

_4.1616 3 •. B8 .. 'L_ 3.0277 2. 7907 
4.1372 2.8459 3.2124 2.7565 
3.3989 2.7_02!1_ 3_.2101 2.9146 
2.7625 2.6856 3.3518 2.8916 
3.7010 2_~4039_ ~~ll531 2.7317 
4.5102 2.5068 2.4745 2.5711 
o. _z._19~J'- _ 2_.2'+73 _ 2. 8315 
o. 1.8856 3.4948 3.1862 
o. 1.7745 3.8188 3.9202 
o. o. 4.5992 3.4803 
o. o. _Q_._ 4.5549 
o. o. o. o. 
o. o. 0~- o. 
o. o. o. o. 
o. o. o. o. 
o. o. o. o. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
0 •· 
3.2725 
3.5254 
3.4584 
3.0928 
2. 7312 
2.7429 
2.9666 
3.0289 
3.0885 
2.9719 
2.8988 
2.7526 
2.5702 
2.4885 
2.4517 
2.6022 
2.6633 
2.7303 
2.6978 
2.7272 
2.6465 
2..7638 
2.5326 
2.6623 
2.0623 
2_.1864 
o. 
o. 
o. 
o. 
o. 

. 0 ..... - __ _()__.._ __ _ 
o. o. 

_ o_.___ ,._o._. __ _ 
o. o. 
0 ._ .. ____ o_ •. ___ _ 
o. o. 
o. _________ ()_..__ __ _ 
o. o. 
Q.._ __________ _Q_._ __ 

o. o. 
3.9518 __ 2.62~2_ __ _ 
4.5114 3.3528 
3. 9969 __ 3_.__18.11.__ 
3. 7684' 3.0746 
3.1965 ___ ... 2 ._6_8~5"-'4"----
2.9123 2.7962 
3.0454 2. 713~---
3.0115 2.7666 
2.8897 2~6811 
2.8529 2.6702 
2.1001 _ 2._!Rll __ 
2.5997 2.4653 
2.3934 2.312_4 ___ _ 
2.3823 2.2734 
2.2932 2.222} __ --
2.2853 2.1556 
2.1897 2.ll't..L __ _ 
2.2395 2.0153 
2.1480 __ 2.12J'~--
2.0829 1.9241 
1.9818- J.J!Z'>~--
1.9456 1.3808 
1.8104 1 .. -sJu_~--
1.9853 1.5351 
1.9379 _l_.3_24_l __ 
2.0746 3.3615 
o. o. ______ _ 
0. o. 
o. -- --- ___ Q_._ ------
0. o. 
o. o. ------------·-· o. o. 

107.1 109.6 112.3 114.9 117-4 119.7 121.8 126.5 133.0 .135.3 137.7 140.2 142.8 145.3 

FRAGMENT MASS 
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11.4. 7 o. o. o. o. o. o. o. a. o. o. ~ 0. o. o. ~ ·~~-·~- .o._ 146.5 a. o. o. a. o. o. o. o. o. o. o. o. o. o. 148.2 o. o. o. o. o. o. o. o. ~ ~0. ~ ~ Q.. ~~0. o. .O~L ~·~ __()_.___ 150.0 o. a. a. o. o. a. a. o. a. o. a. a. o. o. 151.7 o. o. o. o. a. o. o. o. ~ 0~- _o. ____ o. o. 0 .• ·-~·-~- 0 ~--153.5 a. a. o. o. c. a. o. o. o. o. o. o. o. o. 155.2 ~ 0. o. o. o. o. o. o. o. ~ -~0·~ ~o~- o. o. 0.--- --·___o~•~--156.9 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 158.7 . 0. o. o • 3.3704 3.7469 o. o. o. ~-- ~0.- ~--·- _o. o. o. . 0 ··- _____ .0 -"-~~-160.4 3.9853 4.0480 3.0268 3.1494 3.6704 3.4182 3.4493 a. o. o. o. o. o. o. 162.2 3.2856 2.7007 3.2405 2.3202 3.8072 3.5870 o. o. o. -· o. o. 0~ o. -·~-- ~ o .• -163.9 3.0603 2.6527 3.016a 2.7384 3.4a26 2.9811 2.9104 a. a. o. o. o. o. o. 
165.7 . 2. 7897 2.6358 2.9023 3.a3a4 3.3845 2. 5977 3.3497 a. O.L~ _o. o. o. o._ -_____ a .• __ 
167.4 2.9188 2.4377 2.8474 2.9962 3.1693 2.6624 3.4448 2.4456 o. o. o. o. o. o. 
169.1 .. .3.0168 2.7266 2.7738 2.8339 3.0052 2.7204 3.2242 2.0917 .. _o._ ~~· 0. o. o. . o •.. . ·-·- _D_._, __ > 170.9 2.9074 2.6281 2.6804 2.6273 2.6639 2.7137 2.4633 o. o. o. o. o. o. o. w 

3 l72.6 ~.2.8268 2.6514 2.5326 2.5463 2.4613 2.6310 2.a600 2.6616 o. o. o. o. o. o. 
>-< 174.4 2.6300 2.5263 2.5884 2.5194 2.5881 2.4901 1.7858 2. 8074 o. o. o. o. o. ·o. 
CJ 176.1 2.6009 2.6065 2. 452 6 2.3986 2. 7156 2.8286 2.a081 a. 0 ·~ o. o. o. o. ~ -~· ~~~- -- __ o_._- --[i 177.9 2.4732 2.5167 2.486a 2.3431 2.8024 3.0574 3.0075 o. o. o. o. o. o. o. 1;§ 179.6 -· 2. 3430 2.4319 2.2866 2.2674 2.5603 3.0521 3.2853 _o. ---- ~· 0 ·-·-~ _____ o •. _. o. o. o. - ---·--·Q~-·-- I 
0 1fll.3 2.3153 2.2256 2.2491 2.2503 2.4269 2.9730 3.721a o. o. o. o. o. o. o. v.> H 

183.1 . 2.3245 2.3162 2.3185 2.4206 2.7265 2.2903 o. o. -- o. _o. o. o. o. ~ ~ __ o_. -~·-- 00 f.< w 
184.8 2.4014 2.3247 2.3583 2. 3793 3.5457 2. 3922 o. o. o. o. o. o. o. o. ;<: 

H 
186.6 .2.1824 2.3794 2.5251 2.2797 3.8375 2.1008 o. o. o. o. o. o. o. o_. -~ 

...:1 188.3 2.0976 2.2465 2.3a63 2.1839 3.7616 2.3969 o. o. o. o. o. o. o. o. « 
190.1 -· 1 •. 9449 .2.203.6 2.3834 2.2323 2.4143 o. o. - o .•. __ -·-· _ o ··-- -·--- ._.o •. o. o. o. _.o.~-f.< 

g 191.8 2.1261 2.1187 2.7409 2.8340 3.4329 o. o. o. . o. o. o. o. o. o. 
193.5 - 1. 9406 2. 0717 2.3315 o. o. o. o. o. o. o. o. o. o. Q. 
195.3 2.2099 2.2508 2.8027 o. o. o. o. o. o. o. o. o. o. o. 
197.0 - 2.1101 2.4803 2.2008 o. o. o. o. o. o. o. o. o. o. o. ___ 
198.8 2.5812 2.5442 o. o. o. o. o. o. o. o. o. o. o. o. 
200.5 1.9458 1.3006 1.4273 o. o. o. o. o. o •.. o. o. o. o. p._ 
202.3 1.8518 o. o. o. o. o. o. o. ··:. o. o. o. o. o. o. 
204.0 . , o. o. o. o • o. o. o. o. o. o. o. o. o. o. 
205.8 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
207.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
209.2 o. o. o. o. o. o. o. o. . o. o. o. o. o. o. 
211,0 ' c. o. o. o. o. o. o. o. ' .. o. o. ... o. o. o. o. 
212.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
214.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
216.2 o. o. o. o. o. o. o. o. . : o. o. o. o. o. o. 

147.8 150.4 153.2 156.1 159.1 162.0 164.5 166.8 168.6 

FRAGMENT MASS 
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Table IV. The statistical error in the average number of neutrons per 

fission (see Table I). 



STATISTITAL ERRORS IN AVERAGt: NU,"1BER- OF NEUTRONS ((ENTER OF MASSI 

144.7 o._ o. o. o. o. o. o. o. o. o. o. o. o. o. 146.5 0 •· o. o. o. o. o. o. o. o. o. o. o. o. o. 148;2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 150.0 o. o. 0:. o. o. o. o. o. o. o. o. o. o. o. 
151.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o •. 
153.5 o. o. ·o. o. o. o. o. o. o. o. o. o. o. o. 
155.2 o. o. o. o. \0. o. o. 0.· o. _0. o. o. o. o. 
156.9 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
158.7 o. o. o. o. o. o. o. o. o. o. 0.7646 0.9109 o. o. 
160.4 o. o. o. - o. o. o. o. o. o. 1.2054 0.5720 o. 0.8429 1.1021 
162.2 o. o. o. o. o. o. o. o. o. 0.5989 0.3893 0.5426 0.5099 0.7206 
163.9 o. o. o. o. o. o. o. 0 •. 512 7 0.4518 0.7094 0.3483 0.3333 0.4301 0 •. 5460 
165.7 o. o. o. o. o. o. o. o. 0.4135 ·0.4547 0.2630 .0.2440- 0.3601 0.4134 
167.4 o. o. o. o. c. o. o. 0.'2409 0.2818 __Q_. 3392 0.2663 0.1925 0.3021 0.2983 

~ 169.1 o. o. o. o. 0 .• o. o. 0.1876 0.2285 0. 2184 0.2094 0.1589 0.2036 0.2212 
~ 170.9 o. o. o. o. o. o. o. 0.1900 0.1790 0.1860 0.1782 0.1346 0.1519 0.1640 
5 172.6 c. c. o. o. o. o. o. o. 0.1686 0.1717 0.1460 0.1198 0.1144 0.1183 

~ 
174.4 o. o. c. o. o. o. o. 0.1896 0.1833 0.1569 0.1260 0.0999 0.0979 0.0956 

\ 176.1 o. o. o. o. o. o. o. 0~ 0.1922 0.1331 0'.1233 0.0891 0.0764 0.0785 ~ 177.9 G. o. o. o. o. o. o. o. 0.2133 0.1305 0.1043 0.0719 0.0684 0.0668 ~ 179.6 o. c. c. o. o. o. o. o. 0.1754 0.1341 0.1058 0.0720 0.0583 0.0549 'I 
0 181.3 o. o-. o. o. o. o. o. o. 0.1961 0.1497 0.0973 0.0684 0.0557 0.0491 .,j:>. 
~ 183.1. o. o. o. o. o. o. o. o. 0.1711 0.1538 0.1044 0.0718 0.0523 0.0453 0 
iii z 184.8 c. o. o. o. o. o. o. o. o. 0.1576 0.1132 0.0724 0.0516 0.0446 H 
><: 186.6 o. o. o. o. o. o. o. o. o.· 0.1725 0.1240 0.0764 0.0509 0.0435 
...:1 188.3 o. o. o. o. o. o. o. o • o. 0.1930 o. 1544 0.0952 0.0506 0.0432 < 

0.0429 E-< 190.1 o. 0 •. o. o. o. o. 0.- c. o. 0.2359 0.1462 0.1061 0 •. 0535 0 
E-< 191.8 o. o. o. o. o. o. o. o. o. o. o. 0.1313 0.0625 0.0444 

193.5 c. o. o. o. o. o. 0. o. 0 •. o. 0.2416 0.1287 0.0659 0.0482 
195.3 o. o. o. o. o. o. o. o. o •. o. 0.2808 0.1648 '0.0858 0.0609 
197.0 o. o. o. o. c. o. o. o. o. o. o. 0.1945 0.0906 '0.0726 
198.8 o. o. o. o. o. o. o. o. o. o. o. o. 0 ~ 1388 0.0926 
200.5 o·. o. o. (). o. o. o. o. o. o. o. o. 0.1588 0.0917 
202.3 o. o. o. 0 •. o. o. o. o. o. o. o. o. 0.2512 0.0744 
204.0 o. o. o. (l. o. o. o. o. o. o. o. o. o. 0.1374 
205.B o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
207.5 o. o. 0. o. o. o. o. o. o. o. o. o. o. o. 
209.2 o. o. o. o. o. o. o. o. 0 .• 0,; o. o. o. 0~ 
211 ;o o. o_. o. o. o. o. o. o. o. o. o. o. o. o. 
212.7 o. o. o. o. o. o. o. o. o. o. o. 0~ o. o. o. o. o. 0 •' o. o. o. u. o. o. o. o. o.· o. 214.5 o. b. o. o. o. o. o. o. o. o. o. o. o. o. 216.2 

68.9 73.2 75.0 77.3 83.0 86.0 88.1 90.6 93.3 96.0 98.9' 101.7 1(;4.5 

FRAGMENT MASS 



STATISTICAL t:RRORS IN AVERi.\Gt. NU~i:lER OF NEUTRONS !CE.NTE.R OF MASS! 

144.7 o. o. o. o. o •. o. o. o. o. o. o. o. o. o. 
146.5 o. o. o. 0. o. o. o. o. o. o. o. o. o. o. 
148.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
150.0 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 

., 

151.7 o. o. o. o. .o. o. o. o. o. o. o. o. o. o. 
153.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
155.2 o. o. 0. o. o. o. o. o. o. o. o. o. o. o. 
156.9 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
158.7 o. v. o. o. o. o. o. o. o. o. o. o. o. o. 
160.4 o. (), o. c. (;, o. o. o. o. o. o. o. o. o. 
162.2 1.1072 1.8530 1.4755 1.2208 2.9255 o. o. 1.3298 1.0289 o. o. o. 0.9613 1.0593 
163.9 0.8478 1.51Ql 1.1365 1.0367 o. 1.5307 0.7895 o. o. 0.8056 1.0378 0.6509 0.8322 0.9419 
165.7 0.6003 -0.9 313 0.6300 1).8285 1.0906 1.7403 0.9950 o. 1.3300 ,0. 0.8065 0.5517 o. 5349 0.5543 
167.4 0. 368 1+ 0.6345 0.484':) 0.6769 0.9835 1.2585 1.1556 o. 1.3979 0.5384 0.5555 0. 3931 0.3902 0.4140 

....... 169.1 0.2397 0.4126 0.3749 0.6011 0.8937 1.0894 1.1684 o. 1.1980 0.4276 0.4968 0.2971 0.2906 0.2660 .. 
&5 170.9 0.2059 0.2785 0.3298 0.4888 1. 12 96 1.0174 1. 2170 1.3577 0.6744· 0.3054 0.3512 0.2322 0.2164 0.2013 
2S 172.6 0.1598 0.2061 0.2455 0.4278 o. 7787 1. 0 508 0.9060 0.7530 0.3488 0.2133 0.2722 0.1815 0.1762 0.1460 

>< 174.4 o. 1277 0.1419 0.1896 0.3332 0.6025 0.8022 0.9581 0.7153 0.2606 0.1925 0.1792 0.1441 0. 1336 0.1174 
0 176.1 0.0948 0.1197 0.1573 0.2797 0.3582 0.6539 0.7545 0.6091 0.2300 0.1823 0.1456 0.1183 0.1050 0.0936 
ffi 177.9 0.0766 0.0981 0.1281 0.2185 0.2661 0.5022 0.7237 0.5177 0.2204 0.1479 0.1263 0.0957 0.0845 0.0176 z 
rzl 179.6 c.o656 0.0845 0.1110 0.1772 0.2186 0.4128 0.6240 0.4295 0.1581 0.1289 0.0984 0.0808 0.0132 0.0682 I 

u 181.3 0.0555 0.0691 0.0914 0. 1392 0.1885 0.3260 0.5496 0.3561 o. 1133 0.1124 0.0830 0.0690 0.0626 0.0602 ~-

~ ..... 
183.1 o.o4e6 0.0591 0.0817 0.1160 0.1644 0.2893 0.4674 0.3244 0.0940 0.0939 0.0696 0.0601 0.0542 0.0534 I [>1 

z 184.8 0.0437 0.0526 0.0691 0. 0992 0.1472 0.2735 0.4545 0.2648 0.0844 0.0808 0.0648 0.0534 0.0479 0.0475 
H 
~ I86.6 c ._0408 0.0498 0.0622 0.0883 0. 1326 o. 2 793 0.4106 0.2356 0.0783 0.0680 0.0597 0.0482 0.0449 0.0450 
...1 188.3 0.0395 0.0467 0.0566 0.0802 0.1231 0.2516 0.4174 0.2059 0.0706 0.0637 0.0563 0.0463 0.0443 0.0454 .. 7 
< 0.0395 0.0456 0.0565 0.0766 0.1079 0.219~ 0.4126 0.1967 0.0683 0.0596 0.0524 0.0463 0.0443 0.0475 .. f-< 190.1 0 0.0433 0.0453 0.0575 0.0740 0.1027 0.4438 0.1855 a. 0573 0.0516 0.0508 E-< 191.8 0.2018 0.0639 0.0481 0.0461 

193.5 0.0467 o •. 0489 0.0546 0.0733 0.1024 0.1986 0.4616 0.1761 0.0577 0.0540 0.0511 0.0511 0.0487 0.0569 
195.3 0.0504 0.0538 0.0633 0.0729 0.1111 0.2199 0.4840 0.1561 0.0542 0.0540 0.0571 0.0557 0.0544 0.0631 
197.0 0.0564 0.0608 0.0716 0.0769 0.1191 0.2189 0.5946 0.1683 0.0542 0.0516 0.0607 0.0630 0.0630 0.0739 
198.8 0.0691 0.0698 0.0838 0.0839 0.1286 0.2436 o. 7119 0.1714 0.0589 0.0515 0.0699 0.0773 0.0750 0.0822 
200.5 0.0875 c. 0849 0.0988 0.0946 0.1402 0.2380 0.6353 o. 0.0649 0.0547 0.0806 0.0912 0.0927 0.1062 
202.3 0.1041 0.1045 0.1061 0.1164 0.1646 0.2567 0.7948 o. 0.0659 0.0712 0.0971 0.1101 0.1206 0.1133 
204.0 0.1390 o;1343 0.1173 0.1583 0.1618 0.2733 0.7049 o. 0.0729 0.0850 0.1286 0.1215 0.1550 0.1333 
205.8 0.1833 0.1712 0.1469 0.2116 0.2008 0.4063 0.9312 o. o. 0.0906 0.1357 0.1414 0.1944 0.1989 

207.5 
o. 0.1814 0.2005 0.2912 0.2131 0.6598 o. o. o. o. 0.1956 0.1880 o. o. 

209;2 o. o. 0.4396 0. 3342 0. 2713 0.8011 o. o. o. o. o. o. o. o. 
211.0 o. o. o. 0.5165 0.4343" o. o. o. o. o. o. o. o. o. 

212.7 
o. o. o. o. o. o. o. o. o. o. o. 0 •. o. o. ··-1 o. o. o. o. c. o. o. o. o. o. o. o. o. o. 214.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 216.2 

107.1 109.6 112.3 114.9 117.4 119.7 121.8 126.5 133.0 13~.3 137.7 140.2 142.8 145.3 

FHAGMENT MASS 

, .. .. 



STATISTICAL ERRORS IN AVERAGt. NUMBER OF NEUTI<ONS !CENTER OF MASS) 

144.7 o. o. o. o. o. o. 0. o. o. o. o. o. o. o. 146.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 148.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
lJV.O o. o. o. o. o. o. o. o. o. o. o. o. o. o. 151 .• 7_ o. o. o. o. o. o. o •. o. o. o. o. o. o. o. 
) 53.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
l ~ 5.2 o. o. o. o. G. o. o. o. o. o. o. o. o. o. 
1 5 b. 9. o. o. o. o. o. o. o. o. o. o. o. o. o. o. 15!:<. 1 o. o. o. 1.9219 2.0798 o. o. o. (l. o. o. o. o. o. 16J.4 1.4597 1.2600 1.0959 1.2241 1.7209 2.1156 1.9549 o. o. o. o. o. o. o. 
162.L 0.8819 0.8154 0.7485 0.8442 1.3435 1.5466 o. o. o. o. o. o. o. o. 163.9 0.6807 0.6529 0.5865 o. 7126 0.8586 1.3580 1.7761 o. o. o. o. o. o. o. 
16".7 0.4976 0.4766 0.4810 0.5259 o. 7180 0.6809 1.8601 o. o. o. o. o. o. o. 

> 167.4 0.3668 0.3520 0.3710 0.4027 0.5971 0.7325 1.4151 1.2573 o. o. o. o. o. o. . .u 
1&9.1 0.2565 0.2876 0.2505 0.3132 0.4459 0.5935 1.2422 0.9992 o. "· o. o. o. o. :>: 

. 1 71). 9 0.2047 0.2182 0.2131 0.2954 0.3236 0.6297 0.9601 o. o. o. o. o. o • o. 
>- 172 .b. 0. 1603 0.1682 0.1794 0.2434 0.2890 0.5046 0.9539 0.9878 o. o. o. o. o. o. " 174.4 0.1252 0.1284 0. 1780 0.2082 0.3185 0.4215 0.6049 1. 4492 o. o. o. o. o. o. a:: 
J.J 176..1 0.1066 0.1156 0.1534 0.1796 0.3272 0.4746 ·o.5149 o. o. o. o. o. o. o. z 
w 177.9 0.0859 0.1037 0.1389 0.1745 0.3065 0.4727 0.4637 o. o. o. o. o. o. o. 
u 179.6 0.0751 0.0926 0.1321 0.1766 0.2842 0.5368 0.6108 o. o. o. o. o. o. o. 
>--

1 i:ll. 3 0.0667 0.0806 0.1288 0.1701 0.2844 0.5031 0.8240 o. o. o. o. o. o. o. 
'-' 1i:i3.~.l 0.0624 0.0787 0. 1321 0.1766 0.2952 0.4436 o. o. o. o. o. o. o. o. I z 184.8 0.0598 0.0826 0.1236 0.1945 0.3030 0.4993 o. o. o. o. o. o. o. o. ~ - N "' 186.6 0.0550 0.0865 0.1256 0.2280 0.3487 0.6801 o. o. o. o. o. o. o. o. 
_j 18tlo3 0.0571 0.0879 0.1289 0.2789 0.4350 1.0422 o. o. o. o. o. o. o. o. <( 19:.J.1 0.0591 0.0930 0.1564 0.2751 0.4535 o. o. o. o. o. o. o. o. o. >--
0 191.8· 0.0687 0.1057 0.2016 0.3247 0.6252 o. o. o. o. o. o. o. o. o. 193.5 0.0753 0.1273 0.2608 o. o. o. o. o. o. o. o. o. o. o. 19?.3 0.0944 0.1532 0.3040 o. o. o. o. o. o. o. o. o. o. o. 

l'Jl..u 0. 1128 0.1960 0.3381 o. o. o. o. o. o. o. o. o. o. o. 
l':lo.d 0.1407 0.2172 o. o. o. o. o. o. o. o. o. o. o. o. 2Uu.5 0.1630 0.2390 0.4037 o. o. o. o. o. o. o. o. o. o. o. dU2.3 0.1964 o. o. o. o. o. o. o. o. o. o. o. o. o. 2u4.U o. o. o. o. o. o. o. o. o. o. o. o. o. o. 2U::>.8 o. o. . o. o. o • o. o. o. o. o. o. o. o. o. 
Zc1 7.5 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 2U\1.2 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
211.0 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
2U.7 o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
L 14 .• :, o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
Llb.L o. o. o. o. o. o. o. o. o. o. o. o. o. o. 

147.8 150.4 153.2 156.1 159.1 162.0 164.5 166.8 168.6 

FRAGMENT MASS 
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Table V. The statistical error in the average neutron velocity (see Table II). 



STA rTST !CAL I:RRORS IN AVERAGE CENTER OF MASS VELOCITY OF NEUTRONS tCM/NSECI 

--l't!;._[._ -o. -a. -a. -o. -o. -a. -o. -a. -,o. -- -- _-o. ___ -o. -o. -o. -~=0-~------
146.5 -a. -o. -o. -o. -o. -a. -a. -o. -a. -o. -o. -o. -o. -o. 
~__.__2__,:-:0. ..:::.0.~ --------.::-a. __ -o. -a. -o. - -a. __ ...,._o~ _ ______ ::-__o_. _____ -o_.._ ___ ~----""'-o. __ -o._ __ -0. _______ =0__.._ ______ 
15o.o -o. -a. -a. -o. -a. -a. -o. -o. -o. -o. -a. -o. -o. -o. 
_12 Ld __ :-c. ..,a. -o. -a. -a. -a. -o. . -0. ____ .,-0_~------ -=:0. __ ___ _...o • -o. :-0 •-- -. _-,::0_. 
153.5 -o. -0. -o. -o. -o. -o. -a. -o. -o. -o. -a. -o. -o. -o. u5;_2,--o. -- -o. - -o. -a. -a. -0. -a. -o. __ -o_. ____ 

·-
-,.,0_.._ ___ _____ -o. -o. -o. ---- _ _..o_. ____ 

1';6.9 -o. -a. -o. -0~ -a. -o. -o. -o. -a. -o. -0. -o. -o. -o. 
_l2_fLJ.,-O. ____ -----~-o_._ -------- -o. -o. -a. -a. -o. -o. -----=o__. ______ ..,_o_._ ____ ---- 0.2685 o.2495 _..,o_·-~-~---
160.4 ·-o. -a. -o. -a. -a. -o. -o. -o. -o. a.1614 a.2039 -o. 0.2788 0.1838 
_162,2 _-0. - -.0. -o. -o. -a. -o. -a. -0. -a. __ 0 .• 1908 0.1922 0.1659 0.1857 __ 0_._138_2_ ____ 
163.9 -o·. -0. -a. -0. -o. -a. -o. 0.1722 0.2106 0.1726 a.1376 0.0962 0.1231 0.1018 165_,_-z_ _,..,o • ________ _..._a_~_ -a. -o. -a.- -a. -o. -a. ___ __ a.._Hl4 _____ a.L472 0.1026 0.0806 0.0864 0.085_I _ 

> 16 7. 4 :-0. -0. -o. -0. -o. -o. -o. 0.0856 0.1263 0.1146 0.0773 0.0659 0.0691 0.0623 u 
_1_6_9_._L,. 0 ~- _ :-:_QA _______ :-0. - -o. -0. -o. :-0. 0 .17_QI_ _ __Q.._l_0_1__Q_ __ o~0885_~ __ 0._0645 0.0599 o.o578 ____ o._os_z_z__ :E 
170.9-0. -a. -0. -o. -o. -0. -o. 0.2142 0.0994 0.0615 0.0631 0.0541 0.0471 0.0397 

~ _u "-·-6. .:-o • ,-0 •. -o. -0. -o. -o. -:a. -o. - 0.0822 0._0569 0.0550 a.0444 0.0404 0.0345 --,? 
174.4Eo. -a. -0. -o. -a. -o. -o. O.l4a7 a.0813 a.a671 a.0516 0.0412 o.a363 0.0284 :>:: 

_u 1 76_._1• 0. ~:-:0. __ -,.,a. -a. -a. -a. -a. -o. a._o_859 _0.0690 0~0433 0.0384 0.0312 0. 02'o't__ --z 
l77o9. a. -a. -o. -a. -a. -o. -o. -o. a.0975 0.0824 0.0424 0.0397 0.0276 0.0225 u 

J .li9_.__6_ . .., o~-- . - -- ______ -,_OA_ -o_. -o. -0. -0. -o • ·- -:0. 0._0936 __ Q,_OUO 0.0425 0.0391 0.0255 - 0.021.6__ ____ 
181.3 -o. -a. -a. -a. -o. -a. -a. -a. a.1278 0.0863 a.0428 0.0408 0.0261 0.0213 I f-

_18 3 .. ::1.-~0_._ - -,a. -a. -0. -o. -a. -o. -0. 0.1594 0.0738 0.0494 0.0429 0.0281 0.0205_ 
..,. u -- ..,. z 184.8 -a. -a. -a. -0. -0. -a. -a. -o. -0. 0.0922 0.0664 0.0511 0.0299 0.0212 

"" _186_._6. -o. -o._ -0. -0. -0. -a. -o. -0. -0. O.llal 0.0748 a.0581 0.0345 o.02H __ ~_ 
_J 188.3-0. -o. -a. -o. -a. -o. -a. -o. -a. 0.1395 0.0865 0.0782 0.0392 0.0279 
-~ u.o_.l- -o ·--- _:-:0_. ___ -:a. -a. -o. -o. -0. -_a_. ___ -o. a.1225 0.0640 0.0844 o.a464 _0.032.0. ____ f- - --
-::> 191. s -o. -o. -o. -o. -o. -a. -o. -o. -a. -o. -o. 0.1007 o.a516 0.0362 

123_._5 -0. ..,a. -0 • -a. -a. -0. -o. -a. -a. -a. 0.1517 o.a778 a.0685 0.03_73 
1 9 5. 3 -0. -a. -a. -a. -0. -0. -a. -o. -0. -a. 0.1548 0.1113 0.0973 0.0499 

_l9.]_._a_-o. __ -o. -o. -o. -o. -o. -0. -a. -~- -0. -a. a.1894 a.13a6 0.0616 
198.8 -a. -a. -0. -a. -o. -a. -a. -a. -o. -a. -0. -a. 0.1567 0.0797 20_o_._s__:-o. -a. -o_~ - -o. -o. -o. -o. -a. -0. -0. -o. -o. 0.1539 0.09~8 
202.3-0. ~().'- ----- -0. -a. -0. -0. -a. -a. -o. -o. -o. -o. 0.1636 -0.0033 
.204_._0_ -0. -0. -a. -o. -0. -0. -0. -o. -o. .-0. -o. -a. -a. 0.1172 
205.8 -o. -o. -o. -o. -o. -a. -o • -a. -o. -a. -a. -a. -o. -o. 

.zo1_._5 __ -o. -o. -o. -o. -0. -0. -a. -0. -o. -a. -o. -o. -o. -o. 
2o9.2 -o. -0. -o. -a. -0. -a. -o. -a. -o. --a. -a. -a. -o. -o. 
211-._o__-a. -o. -a. -o. -a. -a. -o. -o. -0. -o. -o. -a. -o. -o. 
2 12. 1 -o. -a. -a. -o. -a. -a. -a. -a. -a. -o. -a. -a. -0. -a. 
214._5_-a. -o. -o. -a. -0. -a. -a. -o. -o. -0. -o. -o. -o. -o. 
216.2 -o. -o. -o. -a. -a. -a. -a. -a. -0. -a. -o. -o. -o. -a. 

68.9 73.2 75.a 77.3 83.0 86.0 88.1 90.6 93.3 96.0 98.9 101.7 104.5 

FRAGMENT MASS 
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144.7 .,-OJ _____ -· -· -o. _.,._o. .:.o • -o. -o. -o-.0. -0. -o. _ -0. -0. -o. -o. -- _-o_. ______ 
146.5 -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 143.2 ,.,_a_. _________ ,._o .._ _ ____ ...,o_. ___ . - -o. -o. -o. ____ :-_0 .• -· _____ -::0 • .. ___ -::0. -o. -o. -o. -o. -· - -o. _____ 
150.0 -o. -o. -o. -o. -o. -o. -o. -0. -0. -o. -o. -o. -o. -o. 151.7 ,.,_oJ ____________ ..,_o. -o. -o. -o. -o. -o. -- -0. -o. -o. -o. -o. -o. -o. _____ 
153.5 -o. -o. -0. -o. -o. -o. -o. -o. -0. -0. -o. -o. -o. -o. 
155.2 .,-o. ________ -0. -0 •. _ -:0. -o. -0. -o. ,-_0. -o._ _-0. -o. -o. -o. .,.._o_. ____ 
156.9 -o. -o. -o. -0. -0. -o. -o. -0. -0. -0. -o. -o. -o. -0. 
153.7 -_o •.. ---· .. ::0. -o. -o • -0. - -o. -o. -o. ·- ___ -o.- - ·- -o. -o. -o. -o. -·--.,..a_. 160.4 -o. -o. -o. -0. -0. -o. -o. -o. -o. -0. -0. -o. -o. -0. 
162.2 0.1500 0.1996 0.2092 0.2631 0.2582 -0. -o. 0.4332 0.1992 -o. -0. -o. 0.2446 0.140_6 -
163.9 0.1157 0.1412 0.1181 0.2238 -0. 0.2954 0.2580 -o. -0. 0.1855 0.2009 0.1525 0.2072 0.1340 
165.7 0.0955 0.1029 0.0995 0.1559 0.1637 0.2222 0.2214 -o: 0.2512 -o. 0.1407 0.1211 0.1466 0.1026 ____ 
167.4 0.0739 0.0745 0.0731 0.1161 0.1363 0.1372 0.1532 -o. 0.2159 0.1341 0.1153 0.1068 0.1094 0.0745 
169.1 _0.0585 0.0550 0.0649 0.0882 0.1070 0.1672 0.1455 -0. __ 0.1951 0.1280 0.0864 0.0774 0.0735 0.057!1__ __ 

~ 170.9 0.0479 0.044!t 0.0541 0.0729 0.0976 0.1454 0. 16 81 0.2441 0.2247 0.1112 0.0802 0.0596 0.0528 0.0435 "' E 172.6 0.0381 0.0377 0.0446 0.0604 0.0728 0.1189 0.1618 0.2067 0.1792 0.0965 0.0640 0.0473 0.0435 0.0362 
:>< 174.4 0.0322 0.0318 0.0349 0.0497 0.0671 0.0910 0.1330 0.1776 0.1540 0.0703 0.0617 0.0441 0.0366 0.0301 
D 176.1 0.0268 0.0265 0.0297 0.0410 0.0518 o. 07l6 0.1241 0.1590 0.0942 0.0681 0.0498 0.0388 0.0305 0.0262 [5 

177.9 0.0233 0.0229 0.0261 0.0342 0.0432 0.0584 0. 1141 0.1456 0.0891 0.0664 0.0436 0.0342 0.0275 0.0236 !2: 
[ci\ 179.6 o;0199 0.0205 0.0236 0.0305 0.0365 0.0540 0.1088 0.1381 0.0827 0.0630 0.0369 0.0290 0.0232 0.0201_ __ I (_) 181.3 0.0182 0.0192 o. 0 208 0.0275 0.0331 0.0479 0.0980 0.1140 0.0815 0.0530 0.0321 0.0256 0.0208 0.0194 >+:> H 
E-< 10.1 0.0175 0.0179 0.0191 0.0247 0.0303 0.0454 0.0865 0.1090 0.0806 0.0452 0.0307 0.0229 0.0180 0.0179 Ul w 
z 131 ... 8 0.0174 0.0172 0.0178 0.0225 0.0284 0.0425 0.0817 0.0998 0.0694 0.0408 0.0282 0.0213 0.0183 0.0181 H 

"' 12S.6 0.0177 0.0170 0.0178 0.0214 0.0265 0.0433 0.0762 0.1001 0.0696 0.0401 0.0278 0.0208 0.0181 0.0184 
>--1 188.3 0.0184 0.0178 0.0180 0.0210 0.0263 0.0425 0.0776 0.1169 0.0639 0.0410 0.0253 0.0212 0.0191 0.0193 < 
E-< 190.1 0.0204 0.0188 0.0192 0.0216 0.0256 0.0419 0.0709 0.1312 0.0781 0.0427 0.0266 0.0245 0.0202 0.02U 0 
E-< 191!8 0.0237 0.0207 0.0204 0.0220 0.0256 0.0413 0.0767 0.1425 0.0789 0.0473 0.0294 0.0278 0.0238 0.0236 

193.5 0.0269 0.0233 0.0224 0.0241 0.0265 0.0416 0.0839 0.1295 0.0887 0.0544 0.0370 0.0332 0.0273 0.0307 
195.3 0.0337 0.0274 0.0249 0.0261 0.0287 0.0438 0.0949 0.1237 0.0994 0.0638 0.0409 0.0374 0.0311 0.0351 
197.0 0.0397 0.0360 0.0282 0.0300 0.0323 0.0464 0.1119 0.1764 0.1128 0.0678 0.0457 0.0452 0.0372 0.0416 
198.3 0.0540 0.0449 0.0340 0.0345 0.0361 0.0535 0.1153 0.2209 0.1314 0.0722 o.0482 0.0497 0.0461 0.0318 
200.5 0.0715 0.0601 0.0414 0.0385 0.0408 0.0634 0.1275 -o. 0.1098 0.0724 0.0709 0.0634 0.0567 0. Q_'tJ_~--
202.3 0.1029 0.'0677 0.0556 0.0527 0.0526 0.0756 0.1555 -0. 0.0893 0.1319 0.0954 0.0701 0.0753 0.0603 
204.0 0.1086 0.1027 0.0645 0.0798 0.0619 o. 0770 0.1913 -0. 0.0959 0.1765 0.1472 0.1120 0.0974 0.0721 ___ 
205.8 0.1266 o. 1277 0.0842 0.1085 0.0778 0.1034 0.2585 -o. -o. 0.3150 0.1862 0.1057 0.1381 0.2925 
207.5 -o. 0.1799 0.0916 0. 152 3 0.1000 0.1302 -o. -0. -0. -0. 0.2350 0.1453 -0. -0. 
209.2 -o. -o. 0.1343 0.1254 0.1556 0.2036 -o. -0. -o. -0. -o. -o. -o. -o. 
211.0 -o. -o. -0. 0.2031 0.2266 -o. -0. -0. -0. -o. -o. -o. -o. -o. 
212.7 -o. . -0. -o. -o • -o. -o. -0. -0. -o. -o. -o. -o. -o. -0. 
214.5 -0. -o. -o. -o. -0. -o. -u. -o. -o. -o. -o. -o. -o. -o. 
216.2 -o. -o. -o. -0. -0. -0. -o. -0. -0. -o. -0. -o. -o. -o. 

107.1 109.6 112.3 114.9 117.4 119.7 121.8 126.5 133.0 135.3 137.7 140.2 142.8 145.3 

FRAGMENT MASS 



STATISTICAL ERRORS IN AVEI<AGE CENTER OF MASS VELOCITY OF NEUTRONS (CM/NSECI 

144.7 -o. -o. -o. -0. -o. -0. -0. -o. -o. -o. -o. -o. -o. -o. 146.5 -o. -o. -0. -o. -0. -o. -o. -o. -o. -o. -o. -o. -o. -o. 148.2 -o. -o. -0.- -o. -o. -o. -o. -o. -o. -o. -0. -o. -o. -o. 150.0 -o. -o. -o. -o. -0. -0. -o. -o. -o. -o. -o. -o. -0. -o. 151.7 -o. -0. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 153.5 -0. -0. -0. -0. -0. -o. -o. -o. -0. -o. -o. -0. -0. -o. 155.2 -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 156.9 -o. -0. -o. -o. -o. -0. -o. -o. -o. -o. -o. -0. -o. -o. 
158.7 -o. -0. -0. 0.2375 0.2941 -0. -o. -o. -o. -n. -0. -0. -o. -o. 
160.4 0.2684 0.2140 0.2086 0.1827 0.2033 0.2524 0.2969 -o. -o. -o. -o. -0. -o. -o. 
162.2 0.1954 0.1105 0.1389 0.1035 0.1704 0.1'985 -o. -o. -o. -0. -o. -o. -o. -0. 
163.9 0. 1124 0.0930 0.1016 0.0921 0.1131 0.1298 0.1675 -o. -o. -o. -o. -o. -o. -o. 
165.7 0. 0770 0.0768 0.0767 0.0913 0.1029 0.0929 0.1719 -o. -o. -0. -o. -0. -o. -n. 
167.4 0.0618 0.0576 0.0614 0.0787 0.0841 0.0909 0.1526 0.1762 -o. -o. -o. -o. -o. -o. 

~ 
169.1 0.0532 0.0511 0.0527 0.0661 0.0722 0.0944 0.1364 0.1824 '-0. -o. -o. -0. -o. -o. 

> 170.9 0.0430 0.0409 0.0445 0.0519 0.0589 0.0930 0.1071 -o. -o. -o. -0. -o. -o. -o. (il 
172.6 0.0356 0.0338 0.0372 0.0444 0.0545 0.0896 0.0880 0.1999 -o. -o. -o. -0. -0. -o. .5 
174.4 0.0300 0.0282 0.0348 0.0424 0.0572 0.0819 0.0813 0.1928 -o. -o. -o. -o. -o. -o. 

~ 176.1 0.0258 0.0273 0.0318 0.0408 0.0621 0.0964 0. 1062 -o. -o. -o. -o. -o. -0. -o. 
ffi 177.9 0.0230 0.0264 0.0328 0.0414 0.0637 0.1051 0.1905 -o. -o. -o. -o. -o. -o. -o. 
~ 179.6 0.0204 0.0259 0.0299 0.0412 0.0660 0.1118 0.2131 -o. -o. -o. -o. -o. -o. -o. 
'-' 181.3 0.0201 0.0244 0.0299 0.0438 0.0676 0.1189 0.2357 -o. -o. -0. -o. -o. -o. -o. I 
H 183.1 0.0207 0.0269 0.0343 0.0525 0.0916 0.1092 -o. -o. -o. -o. -o. -o. -o. -o. ~ E-< 

0' l'il 184.8 0.0281 0.0407 0.0621 0.1309 -o. -o. -0. -0. -o. -o. :z: 0.0224 0.1409 -o. -o. 
H 186.6 0.0226 0.0321 0.0539 0.0715 0.1633 0.1317 -o. -o. -o. -o. -0. -o. -o. -o. :00. 

>-1 188.3 0.0227 0.0340 0.0581 0.0786 0.1819 0.1609 -o. -o. -0. -0. -0. -o. -o. -o. < 190.1 0.023~ 0.0406 0.0697 0.0958 0.1617 -0. -o. -o. -o. -0. -0. -o. -o. -o. E-< 

~ 191.8 0.0302 0.0461 0.0988 o. 1396 0.2620 -0. -o. -o. -o. -o. -o. -o. -o. -o. 
193.5 0.0360 0.0545 o. 1108 -0. -0. -0. -o. -o. -o. -o. -0. -0. -o. -o. 
195.3 0.0514 0.0814 0.1833 -0. -o. -0. -o. -o. -o. -o. -o. -0. -0. -o. 
197.0 0.0644 0.1059 0.1877 -o. -0. -0. -o. -o. , -o. -o. -o. -o. -o. -0. 
198.8 0.0974 0.1541 -o. -o. -0. -o. -o. -o. -o. -o. -o. -o. -o. -o. 
200.5 0.0955 0.0847 0.1355 -o. -0. -o. -o. -o. -o. -0- -0. -0. -o. -0. 
2D2.3 0. ll 84 -o. -0. -o. -0. -o. -0. -o. -o. -o. -o. -o. -o. -o. 
.204-.0 -0. -o • -o. -o. -0. -o. -o. -o. -o. -o. -o. -0. -o. -o. 
205.8 -o. -o. -o. -o. -0. -o. -o. -o. -o. -o. -o. -o. -0. -o. 
207.5 -0. -0. -o. -0. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 
209.2 -o. -o. -0. -0. -o. -0. -o. -o. -o. -0. -o. -0. -o. -o. 
.211 .o -o. -o • -o. -o. -0. -0. -o. -o. -o. -0. -o. -o. -o. -o. 
.212.7 -o. -o. -0. -0. -o • -0. -o. -o. -o. -o. -o. -o. -.o. -o. 
214.5 -o. -0. -0. -0. -o. -o. -o. -o. -o. -o. -o. -o. -0.'- -o. 
216.2 -o. -o. -o. -o. -0. -0. -0. -0. -o. -o. -0. -o. -o. -o. 

147.8 150.4 153.2 156.1 159.1 162.0 164.5 166.8 168.6 
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Table VI. The statistical error in the second moment of the velocity 

distribution (see Table III). 



STATISCAL t::RRORS IN AVt::RAGt: CbNTER OF MASS ENERGY OF NEUTRONS fMEV/•52261 

11,.4.7 -o. -0. -0. -0. -o. -o. -0. -o. -o. -o. -o. -o. -o. -o. 146.5 -o. -o. -o. -o. -0. -0. -0. -o. -o. -o. -o. -o. -o. -o. 148.2 -c. -0. -0. -o. -0. -0. -o. -o. -o. -o. -o. -0. -o. -o. 150.0 -o. -c. -o. -o. -0. -0. -0. -o. -o. -o. -c. -o. -0. -o. 151.7 -o. -'). -(). -o. -0. -o. -0. -o. -o. -0. -0. -0. -0. -o. 153.5 -o. -o. -0. -o. -0. -o. -o. -o. -0. -0. -o. -o. -o. -o. 155.2 -0. -0. -o. -o. -c. -o. -o. -o. -o. -o. -o. -o. -o. -o. 156.9 -o. -0. -o. -0. -0. -0. -0. -o. -o. -o. -o. -o. -0. -o. 158.7 -o. -0. -0. -0. -c. -0. -0. -o. -o. -o. 0.9643 0.8887 -o. -o. 160.4 -o. -a. -o. -0. -0. -o. -0. -0. -0. 0.4891 o. 7300 -0. 1.3960 0.7511 162.2 -o. -o. -0. -0. -0. -o. -o. -o. -0. 0.7161 0.1110 0.6288 0.8302 0.5346 163.9 -o. -o. -0. -0. -o. -0. -0. 0.4642 0.8569 0.7311 0.5307 0.3196 0.5065 0.3982 
165.7 -o. -0. -o. -0. -o. -o. -0. -o. 0.6539 0.6408 0.3692 0.2779 0.3272 o. 3't60 
167.4 -o. -o. -0. -0. -o. -0. -o. 0.2257 0.4191 0.4623 0.2767 0.2297 0.2617 0.2359 
169.1 -o. -o. -o. -0. -0. -o. -o. 0.5863 0.3492 0.3059 0.2291 0.2169 0.2161 0.1953 > 170.9 -o. -(1. -0. -o. -o. -o. -o. 0.8072 0.3226 0.1864 0.2397 0.1999 0.1728 0.1397 w 
172.6 3 -o. -0. -0. -o. -o. -o. -c. -o. 0.2435 0.1722 0.1999 0.1567 0.1465 0.1238 

:>< 174.4 -0. -0. -o. -o. -c. -0. -o. 0.4181 0.2438 0.2304 0.1790 0.1428 0.1313 0.0991 

~ 
176.1 -o. -o. -0. -0. -o. -o. -o. -o. 0.2584 0.2308 0.1402 0.1332 0-1074 0.0835 
177.9 -0. -c. -o. -o. -0. -0. -o. -o. 0.3076 0.2964 0.1328 o. 1389 0. 0913 0.0763 f.;§ 179.6 -o. -0. -o. -o. -0. -0. -o. -o. 0.2544 0.2503 0.1361 0.1356 0.0823 0.0729 
11ll.3 -o. -0. -0. -G. -0. -o. -0. -0. 0.3894 0.2951 0. 1301 0. 1409 0.0854 0.0727 I C> 

~ ~ 183.1 -o. -o. -o. -0. -0. -o. -o. -o. 0.4809 0-2221 0.1514 0.1491 0.0935 0-0683 00 l.il 184.8 -o. -0. -o. -o. -0. -o. -0. -o. -o. 0.2879 0.2141 0.1867 0.0986 0.0705 z 
H 186.6 -o. -0. -0. -0. -0. -0. -o. -o. -o. 0.3534 0.2400 0.2075 0.1143 0.0793 "" ...:1 188.3 -o. -0. -0. -o. -o. -0. -0 • -o. -o. 0.4620 0.2814 0.3028 0.1261 0.0972 < 190.1 -0. -0. -0. -o. -c. -o. -o. -o. -o. 0.3732 0.1698 0.3076 0.1490 0.1095 E-< 
g 191.8 -o. -o. -o. -0. -o. -0. -0. -o. -0. -0. -0. o. 3703 0.1608 0.1181 

193.5 -o. -0. -0. -o. -o. -o. -o. -0. -o. -o. 0.4907 0.2294 0.2156 0.1105 
195.3 -o. -o. -o. -0. -o. -0. -o. -o. -o. -o. 0.4705 0.3454 0.3429 0.1582 
197.0 -0. -0. -0. -0. -0. -o. -o. -o. -o. -o. -o. 0.6931 0.4850 0.1958 
198.8 -0. -o. -0. -c. -o. -0. -0. -o. -o. -0. -0. -o. 0.6104 0.2653 
200.5 -o. -o. -0. -0. -0. -0. -0. -0. -o. -0. -o. -o. 0.5462 0.2881 
202.3 -0. -0. -o. -0. -0. -o. -o. -o. -o. -0. -o. -0. 0.6093 -0.0062 
204.0 -o. -0. -0. -0. -o. -o. -o. -o. -o. -0. -o. -o. -o. 0.3228 
205.8 -0. -o. -o. -o. -o. -o. -o. -0. -0. -o. -0. -o. -o. -o. 
207.5 -o. -0. -0. -0. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 
209.2 -o. -o. -o. -0. -o. -o. -0. -o. -o. -o. -o. -0. -o. -o. 
211.0 -o. -o. -o. -o. -0. -0. -0. -0. -o. -0. -0. -0. -o. -0. 
212.7 -o. -0. -0. -0-. -c. -o. -o. -o. -0. -o. -o. -o. -o. -o. 
214.5 -o. -0. -0. -0. -0. -0. -o. -0. -o. -0. -0. -o. -o. -o. 
216.2 -o. -0. -o. -0. -o. -0. -o. -0. -o. -0. -o. -0. -0. -o. 

68.9 73.2 75.0 77.3 83.0 86.0 88.1 90.6 93.3 96.0 98.9 101.7 104.5 

FRAGMENT MASS 
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144.7 -c. -o. -o. -o. -0. -0. -o. -o. -0. -o. ~o. -o. -0. -o. 146.5 -o. -0. -0. -0. -c. -o. -o. -o. -o. -o. -0. -o. -o. -0. 148.2 -o. -o. -o. -o. -0. -o. -o. -o. -o. -o. -0. -o. -o. -o. 150.0 -0. -0. -o. -o. -o. -0. -o. -o. -o. -o. -o. -0. -0. -o. 151.7 -o. -o. -o. -o. -o. -0. -o. -o. -0. -0. -o. -o. -o. -o. 
153.5 -o. -0. -0. -o. -o. -0. -0. -o. -o. -o. -0. -o. -o. -o. 
155.2 -0. -o. -0. -0. -o. -o. -o. -o. -o. -o. -0. -0. -o. -o. 
156.9 -0. -o. -0. -o. -0. -0. -o. -o. -o. -o. -o. -0. -0. -o. 
158.7 -o. -o. -o. -o. -o. -0. -o. -o. -o. -o. -o. -0. -0. -o. 
160.4 -c. -0. -o. -o. -o. -o. -0. -0. -o. -o. -o. -o. -o. -0. 

-162.2 C.5430 0.8276 0.9220 1.2008 1.2156 -o. -o. 2.0883 0.6501 -o. -o. -0. 1. 0730 0.4919 
163.9 0.4429 ').5862 0.4433 1.0496 -0. 1. 3 734 1.0536 -o. -o. 0.5580 o. 7753 0.5889 0.9839 0.5369 
165.7 ('.3841 0.4146 o. 3730 0.6461 0.6779 0.9364 0.8864 -0. 1.0202 -o. o. 5624 0.4853 0.6543 0.4035 
167.4 0.2'!09 0.2923 0.2704 0.4919 0.5436 0.4678 0.5369 -o. o. 8377 0.4187 0.4528 0.4308 0.4767 0.2861 
169.1 0.2312 0.2053 0.2520 0.3644 (•.4231 0.7118 0.5135 -o. C.7604 0.4185 0.3276 0.2934 0.2905' 0.2162 > 170.9 0.1899 0.16d7 0.2133 0.3083 0.3894 0.6439 0.7063 1.1435 1.0153 0.3818 0.3099 0.2131 0.1976 0.1590 w 
172.6 0.1505 0.1454 0.1751 0.2582 0.2817 0.5216 0.6!l57 0.9404 0.7927 0.3566 0.2381 0.1691 0.1661 0.1323 3 
174.4 0.1265 0.1233 0.1317 0.2090 0.2735 o. 3738 0.5607 0.8310 0.6382 0.2479 0.2398 0.1663 0.1394 0.1096 >-< 176.1 0.1025 0.1004 0.1130 0.1679 0.2046 0.2814 0.5260 0.7317 0.3509 0.2590 0.1900 0.1487 0.1141 0.0940 t:J 

f5 177.9 0.0871 0.0848 0.0998 0.1357 0.1700 0.2234 0.5031 0.6420 0.3396 0.2686 0.1700 0.1328 0.1030 0.0847 15 179.6 0.0715 0.0754 0.0908 C.l209 0.1413 0.2103 0.5031 0.6102 0.3134 0.2620 0.1396 0.1095 0.0838 .0.0723 
181.3 0.0632 0.0704 0.0780 0.1082 0.1282 0.1845 0.4396 0.4553 0.2935 0.2162 0.1203 0.0953 0.0736 0.0670 I '-' 

~ H 
183.1 0.0602 0.0644 0.0701 0.0961 0.1169 o. 1774 0.3773 0.4495 0.2876 0.1751 0.1158 0.0831 0.0607 0.0595 --.D E-< 

w 
184.8 0.0587 0.0614 0.0637 0.0851 0.1091 0.1678 0.3507 0.3830 0.2459 0.1555 0.1056 0.0745 0.0617 0.0599 :<: 

H 
186.6 0.0592 0.0595 0.0636 0.0803 0.1000 0.1745 0.3155 0.3963 0.2636 0.1499 0.1043 0. 0715 0.0599 0.0600 "" ...:! 188.3 Q.0603 ').()618 0.0637 0.0769 0.0997 0.1708 0.3191 0.4914 0.2355 0.1573 0.0915 0.0722 0.0632 0.0620 < 190.1 ).0660 0.0639 0.0680 0.0796 0.0948 0.1640 0.2755 0.5870 0.3024 0.1628 0.0960 0.0869 0.0655 0.0670 E-< 

~ 191.8 J.077R 0.0689 0.0710 0.0794 0.0942 0.1598 0.3040 0.6372 0.2908 0.1859 0.1062 0.1003 0.0787 0.0735 
193.5 c.oe5s 0.0767 0.0762 0.0865 0.0954 0.1582 0.3363 0.5193 0.3225 0.2151 0.1393 0.1220 0.0883 0.1000 
195.3 0.1070 Q.0893 O.OR24 0.0908 0.1033 0.1657 0.3789 0.4458 0.3602 0.2590 0.1533 0.1359 0.0986 0.1084 
197.0 0.1232 :>. 119'! 0.0896 0.1021 0.1158 0.1718 0.4565 0.7422 0.3906 0.2548 0.1652 C.1653 0.1148 0.1244 
198.8 0.1766 0.1489 0.1075 0.1143 0.1287 0.1984 0.4656 1. 0124 0.4665 0.2509 0.1673' 0.1767 0.1414 0.0781 
200.5 0.2400 0.2023 0.1292 0.1218 0.1408 o. 2 32 8 0.5095 -0. 0.3498 0.2346 0.2634 0.2311 0.1674 0.1230~ 
2.02.3 0.3614 0.2110 0.1760 0.1764 0.1856 0.2754 0.6729 -o. 0.2563 0.5474 0.3775 0.2410 0.2319 0.1573 
204.0 0.3365 0.3315 0.1920 0. 3030 0.2129 0.2546 0.7957 -o. 0.2648 0. 7755 0.6560 0.4071 0.2959 0.1753 
205.8 0.3721 0.4265 Q.2581 0.4381 0.2737 0.3663 1.1578 -0. -o. 1.5500 0.7872 0.3290 0.4408 1. 2811 
207.5 -c. 0.6155 0.2744 0.6258 0.3563 0.4513 -o. -o. -o. -o. 1.1089 0.4742 -o. -o. 
209.2 -o. -G. 0.4244 0.4085 0.5808 0.7675 ~o. -0. -o. -o. -0. -o. -o. -o. 
211.0 -0. -0. -o. 0.7228 0.9181 -0. -o. -c. -o. -o. -o. -o. -0. -o. 
212.7 -o. -0. -'). -o. -0. -o. -0. -0. -o. -o. -0. -0. -0. -o. 
214.5 -c. -o. -c. -o. -o. -o. -o. -0. -o. -o. -o. -o. -o. -o. 
216.2 -0. -0. -o. -o. -o. -0. -o. -o. -o. -o. -o. -o. -0. -o. 

• 
107.1 109.6 112.3 114.9 117.4 119.7 121.8 126.5 133.0 135.3 137.7 140.2 142.8 145.3 

FRAuMENT MASS 
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1.44.7 -0. -o. -0. -0. -0. -o. -o. -0. -o. -0. -0. -0. -o. -o. 
146.5 -o. -0. -o. -o. -c. -o. -o. -0. -o. -o. -o. -0. -o. -o. 
148.2 -0. -0. -0. -o. -c. -0. -o. -o. -o. -,0. -o. -o. -o. -o. 
150.0 -(). -o. -0. -o. -0. -o. -o. -o. -o. -o. -0. -0. -0. -o. 
151.7 -c. -o. -0. -o. -0. -o. -o. ·-0. -o. -o. -o. -o. -0. -0. 
153.5 -0. -o. -0. -o. -o. -0. -o. -o. -o. -o. -o. -0. -0. -o. 
155.2 -0. -0. -0. -0. -0. -0. -o. -o. -o. -o. -0. -o. -o. -o. 
156.9 -o. -o. -o. -0. -o. -o. -o. -o_. -0. -o. -o. -0. -0. -o. 
158.7 -0. -0. -0. 0.9738 1.2783 -0. -o. -o. -o. -o. -o. -o. -o. -o. 
160.4 1.1970 0.9565 0.8002 0. 7193 0.8543 1.0344 1.2090 -o. -o. -o. -o. -0. -o. -o. 
162.2 0.8013 0.3885 0.5416 0. 3363 G. 7273 o. 8-217 -0. -o. -o. -o. -o. -0. -o. -0. 
163.9 0.4312 0.3266 0.3836 0.3273 0.4499 0.-4805 0.6134 -o. -o. -o. -0. -o. -o. -o. 
165.7 0.27!!3 0.2716 0.2837 0.3490 0.4122 0.3189 0.6785 -o. -o. -o. -o. -o. -o. -o. 
167.4 0.2289 0.1954 0.2249 0.3005 0.3249 0.3195 0.6104 0.5888 -o. -o. -0. -0. -o. -o. 

.--., 169.1 0.2019 0.1848 0.1916 0.2447 0.2702 0.3407 0.5257 0 •. 5657 -o. -o. -o. -0. -o. -o • 
> 170.9 0.1603 0.1451 0.1584 0.1821 0.2053 0.3363 0.3608 -o. -o. -o. -0. -o. -o. -o. 
"' .5 172.6 0.1311 0.1194 0.1283 0.1521 0.1830 0.3199 0.2673 0.7060 -o. -o. -o. -0. -o. -o. 
>-< 174.4 0.1066 0.0967 0.1214 0.1452 0.1988 0.2816 0.2301 0.6917 -o. -o. -0. -o. -0. -o. 
0 176.1 0.0910 0.0955 0·. 1080 0.1362 0.2239 0.3595 0.3230 -o. -o. -o. -0. -0. -o. -o. 
~ 177.9 0.0792 0.0912 0.1127 0.1373 0.2332 0.4092 0.7579 -o. -o. -o. -c. -0. -0. -0. :;, 
r"' 179.6 0.0679 0.0885 0.0976 0.1336 0.2321 0.4347 0.8830 -o. -o. -o. -o. -0. -o. -o. 
(.) 181.3 0.0669 0.0793 0.0966 0.1419 0.2297 0.4532 1.0303 -0. -o. -o. -o. -o. -o. -o. I ~ 183.1 0.0691 0.0902 0.1133 0.1784 0.3389 0.3574 -o. -o. -o. -o. -o. -o. -0. -o. lTt r"' 
:;, 184.8 0.0768 0.0943 0.1373 0.2116 0.5636 0.4778 -o. -o. -o. -o. -o. -0. -o. -o. 0 
H ., 186.6 0.0733 0.1096 0.1918 0.2396 0.7355 0.4088 -o. -o. -0. -o. -o. -o. -o. -o. . I 

...:I 188.3 0.0716 0.1121 0.1975 0.2559 0.8021 0.5303 -o. -0. -o. -o. -0 • -o. -o. -o. < 0.0710 0.1329 0.2405 0.3139 E-o 190.1 0.5593 -o. -0. -o. -o. -o. -o. -o. -0. -o. 
~ 191.8 0.0966 0.1472 0.3709 0.5156 1.0989 -0 •. -o. -o. -o. -o. -0. -o. -o. -o. 

193.5 0. 1105 0.1711 0.3807 -0. -o. -0. -o. -0. -o. -o. -o. -0. -o. -o. 
195.3 0.1713 0.2745 o. 7182 -o. -0. -o. -o. -0. -o. -o. -o. -o. -o. -o. 
197.0 0.2081 0.3715 0.6373 -0. -0. -o. -0. -o. -0. -o. -o. -o. -0. -0. 

198.8 0.3521 0.5598 -0. -0. -0. -o. -0. -o. -o. -o. -o. -o. -o. -o. 
200.5 0.2925 0.2030 0.3407 -o. -o. -0- -o. -o. -0. -o. -o. -o. -0. -o. 
202.3 0.3522 -0. -0. -o. -0. -0. -o. -o. -o. -o. -o. -o. -o. -o. 
204.0 -o. -o. -0. -o. -o. -0. -o. -(). -o. -o. -o. -0. -0. -0. 

205.8 -0. -o. -o. -o. -0. -0. -o. -o. -0. -o. -o. -0. -o. -o. 
207.5 -.0. -o. -o. -o. -0. -0. -o. -o. -0. -o. -0. -o. -o. -o. 

-0. -o. -o. -0. -o. -o. -o. -0. -o. -o. -o. -o. -o. -o. 209.2 -0. -o. -o. -o. -·o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 211.0 '-0. -0. -0. -0. -o. -0. -0. -o. -o. -o. -o. -o. -o. -o. 212.7 -0. -0. -o. -o. -0. -0. -o. -o. -o. -o. -o. -0. -o. -0-
214-5 ·0. -o. -0. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. -o. 216.2 

147.8 150.4 153.2 156.1 159.1 162.0 164.5 166.8 168.6 

FRAGMENT MASS 
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252 Binding energy table for Cf . The most probable charge ZP, 

is that charge which gives the maximum energy released ER averaged 

over the charge distribution. The average neutron binding energies 

for the light and heavy fragments (AVE BEL and AVE BEH) are then 

found at ZP by interpolation in the average neutron binding 

energy tables. The light fragment masses, ML are listed on the 

right and the heavy fragments MH on the left. 
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MH ZPH AVE BEH ER AVE BEL ZPL ML 

126 49.00 5.869 228.42 5.869 49.00 126 
127 49.28 6.185 229.03 6.059 48.72 125 
128 49.66 6.264 229.55 5·970 48.34 124 
129 49.77 6.099 229.49 5·974 48.23 123 
130 50.04 6.417 229.97 6.375 47.96 122 
131 50.36 6.107 229.82 6.073 47.64 121 
132 50.62 5·736 229.25 6.079 47.38 120 
133 51.19 5.704 228.61 6.097 46.81 119 
134 51.73 5.445 228.03 5.924 46.27 118 
135 52.08 4.728 226.47 5.623 45.92 117 
136 52.37 4.368 225.41 5·927 45.63 116 
137 52.90 4.291 223.38 5·947 45.10 115 
138 53.48 4.277 222.20 5.602 44.52 114 
139 53.63 4.083 220.48 5.629 44.37 113 
140 53·94 4.184 218.89 5·831 44.o6 112 
141 54.19 4.027 217.10 5·490 43.81 llL 
142 54.32 4.211 216.04 5.823 43.68 110 
143 54.75 4.405 214.48 5·787 43.25 i09 
144 55.09 4.382 212.87 5.467 42.91 108 -~ 

145 55·35 4.641 212.43 5·726 42.65 107 
146 55.76 4.799 211.62 5·677 42.24 106 
147 55·95 4.614 210.39 5·380 42.05 105 
148 56.19 4.867 210.04 5.815 41.81 104 
149 56.63 4.878 209.17 5.664 41.37 103 
150 56.96 4.686 207.79 5·394 41.04 102 
151 57·33 4.942 207.75 5·716 40.67 101 
152 57.81 5.065 207.25 5·714 40.19 100 
153 58.09 4.773 206.18 5.422 39·91 99 
154 58.31 4.917 205.93 5·747 39.69 98 
155 58.83 5.041 204.97 5.661 39.17 97 
156 59.40 4.966 204.47 5·300 38.60 96 
157 59·58 4.860 204.18 5.447 38.42 95 
158 59·96 5·054 203.66 5.676 38.04 94 
159 60.31 4.782 202.88 5.414 37.69 93 
160 60.47 4.734 202.50 5.634 37·53 92 
161 61.08 4.988 201.45 5·573 36.92 91 
162 61.63 4.950 201.38 5·439 36.37 90 
163 61.89 4.680 200.41 5.541 36.11 89 
164 62.20 4.903 199·99 5.803 35.80 88 
165 •. 62 ~64 4.870 199.12 5.855 35·36 87 

• 166 63.14 4.736 197·78 5.814 34.86 86 
167 63.55 4.872 197.64 6.4o6 34.45 85 
168 64.03 5.117 196.48 . 6.996 33·97 84 . 
169' 64.54 5.018 195.07 6.819 33.46 83 
170 64.93 4.843 192.51 6.712 33.07 82 
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