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INTRODUCTION, 

The a t o m i c n u c l e u s i s c h a r a c t e r i z e d by a c h a r g e Z and m a s s A. Unti l 
r e c e n t l y a l l f i s s i o n a b l e n u c l e i p o s s e s s e d n e a r l y t h e samte c h a r g e a n d m a s s . 
As a r e s u l t t h e c h a r a c t e r i s t i c s of the known f i s s i o n p r o c e s s e s w e r e s i m i l a r . 
D u r i n g the p a s t s e v e r a l y e a r s m a n y n e w f i s s i l e i s o t o p e s h a v e becomie a v a i l ­
a b l e in suf f ic ient q u a n t i t i e s to p e r m i t s t u d y of t h e i r p r o p e r t i e s . As a g r o u p 
t h e y d i s p l a y a wide v a r i a t i o n in t h e i r f i s s i o n c h a r a c t e r i s t i c s ; s o m e of t h e m 
f i s s i o n s p o n t a n e o u s l y . It i s the p u r p o s e of the e x p e r i m e n t s r e p o r t e d h e r e to 
u t i l i z e t h e s e new i s o t o p e s to ob ta in a c l e a r e r e x p e r i n n e n t a l i n s i g h t in to the 
m e c h a n i s m of f i s s i o n and to ob ta in i n f o r m a t i o n t h a t wi l l l e a d to new and b e t t e r 
a p p l i c a t i o n s of t h e f i s s i o n p h e n o m e n a . T h i s g r o u p of e x p e r i m e n t s c o n s i s t s of: 
d e t e r m i n a t i o n s of f i s s i o n f r a g m e n t k i n e t i c e n e r g y d i s t r i b u t i o n s , m e a s u r e m e n t s 
of f i s s i o n n e u t r o n s p e c t r a , a s t u d y of p r o m p t f i s s i o n g a m m a r a y e m i s s i o n , 
a n d a n i n v e s t i g a t i o n of d e l a y e d n e u t r o n e m i s s i o n f r o m s p o n t a n e o u s f i s s i o n . 

T H E KINETICS O F FISSION F R A G M E N T S 

A l a r g e p o r t i o n of t h e e n e r g y a v a i l a b l e in f i s s i o n a p p e a r s a s a v io l en t 
k i n e t i c m o t i o n of t h e m a s s i v e f r a g m e n t s . The m a n n e r in wh ich t h i s e n e r g y i s 
s h a r e d b e t w e e n the f r a g m e n t s i s r e l a t e d , in a v e r y c o m p l e x way , to the s t r u c ­
t u r e s of t h e f i s s i o n i n g n u c l e u s and the r e s i d u a l f r a g m e n t s . A c o m p l e t e u n d e r -
stcinding of t h e f i s s i o n p h e n o m e n a m u s t accovmt f o r t h i s d i s t r i b u t i o n of e n e r g y . 
In o r d e r to expand t h e e x p e r i m e n t a l b a s i s fo r t h e o r e t i c a l i n t e r p r e t a t i o n of t h e 
f i s s i o n p r o c e s s a s t u d y h a s b e e n m a d e of the k i n e t i c d i s t r i b u t i o n of f r a g m e n t s 
f r o m t h e f i s s i o n of P u ^ ^ * * , Pu^'*^^*, T h ^ ^ * , C m ^ * , C m ^ * 2 * , cf"^* andFm^^^^t 

The k i n e t i c e n e r g y of e a c h of t h e two p r i m a r y f i s s i o n f r a g m e n t s w a s 
m e a s u r e d s i m u l t a n e o u s l y in a b a c k - t o - b a c k i o n i z a t i o n c h a m b e r . ( 1 ) Mos t of 

* A r g o n n e Na t iona l L a b o r a t o r y , L e m o n t , I l l i n o i s , U.S .A. 

^ T h r o u g h o u t t h i s p a p e r we r e f e r t o t h e m a s s n u m b e r of t h e a c t u a l f i s s i o n ­
ing i s o t o p e . The s y m b o l s # and * a r e u s e d to deno te s low n e u t r o n i n d u c e d 
and s p o n t a n e o u s f i s s i o n p r o c e s s e s r e s p e c t i v e l y . 
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the fissionable m a t e r i a l was obtained from P u ^ ' t h a t had been i r r ad ia t ed in a 
high flux r eac to r . Chemical p rocess ing a s s u r e d that the effective pur i ty of 
the ma te r i a l was at leas t 95%.(2) The sample i tself was p repa red by vacuum 
volati l ization, chloride sublimation or by e lec t ros ta t i c deposition depending 
on the nature of the ma te r i a l involved. 

The exper imenta l r esu l t s a r e summar i zed in Table I, along with the 
resu l t s of kinetic m e a s u r e m e n t s and chemical yield determinat ions by other 
w o r k e r s . It i s qualitatively evident that all slow neutron induced and spontane­
ous fission p r o c e s s e s observed a r e a s y m m e t r i c . F u r t h e r m o r e , these expe r i ­
ments show no measu rab le difference between the slow neutron induced and 
the spontaneous fission of a given nucleus . The total fragment energy is a slowly 
increas ing function of the fission p a r a m e t e r Zy A up to ajid including Cm^^*. 
At Cf " * t h e t r end is r e v e r s e d with decreas ing total energy for higher values 
of Z^/A. This is shown graphical ly in F ig . 1. In all p r o c e s s e s studied the d i s ­
tr ibution of total fragment energy integrated over all modes was a s y m m e t r i c 
function with a half width of —16-18%. At the mos t probable mode the energy 
sp read w a s ~ 13%. These values a r e in good agreement with magnet ic and 
velocity determinations(3»4,5) and indicate that the d i spers ion in f ission f rag­
ment ionization is not as g rea t as was once bel ieved. The total energy at the 
symmet r i c mode is not well defined by these exper iments because of the low 
yield. However, genera l ly higher total energ ies occur as the s y m m e t r i c mode 
is approached in agreement with theore t ica l predictions.(o>7) 

Table I 

F i s s i l e 
Is otope 

Th^^# 
U^«# 

u"'# 
P u ' « # * 
Pu^«#* 
Cm"^* 
Cm"** 
Cf252* 

F m « * * 

ZVA 

35.22 
36.17 
35.86 
36.82 
36.51 
38.08 
37.77 
38.11 
39.37 

Energy* 
of Light 

F r a g m e n t 
in Mev 

101 
97b 
98^ 

100^ 
101 
110.8 
105.5 
105.0 
101.5 

SUMMARY OF FISSION FRAGMENT PROPERTIES 

Energy* 
of Heavy 
F r a g m e n t 

in Mev 

61 
66b 
67b 
72b 
73 
85.9 
80 
80 
74.5 

Tota l 
F r a g m e n t 
Energy* 
in Mev 

162 ±4 
163 ±2 
165 ±2 
172 +2 
174 ±3 
196.7 
185.5 ±5 
185 ±4 
176 ±6 

s 

(n 
>-> 
nl 
V 

X 

0 
n 

2 6 
h u 

2 a 

° ii 

It 
1.65 ± 0 . 0 3 
1.47 ± 0.02 
1.46 ± 0.02 
1.39 ± 0.02 
1.38 ± 0 . 0 2 
1.29 
1.32 ± 0.05 
1.33 ± 0.04 
1.36 ± 0.05 

S 

U, 

> 

•3 
B 

1 

gS 

£s 

S u 
-

1.46 
1.45 
1.39 

-
1.32 

-
1.33 

-

P r i m a r y 
Heavy 

F r a g m e n t 
Mass 

143 
139 
140 
140 
140 
138 
139 
144 
146 

P r i m a r y 
Light 

F r a g m e n t 
Mass 

87 
95 
96 

100 
102 
104 
105 
108 
108 

Refe rence 

This work 
d,e 
d,f 
d,g, th is work 
This work 
h . i , th is work 
This work 
j , th is work 
This work 

^All Ionization chamber measurements corrected for the Ionization defect, see reference 3 
^Denotes average values. All others are most probable 
vprlmary fragment ratios 
°See reference 3 
fciendenin, et al., phys. Rev., 99:867 (1954) 
^Olendenin. et al., Phys. Rev., 84:860 (1951) 
^Steinberg. E. and J^eedman, M., Radiochemical Studies: The Flssip" Products. McOraw-Hlll Book Co., Inc., New Yoifc (1951) paper No. 210. 
.National Nuclear Energy B&iea. Plutonium Project Record, Vol. 9 DIv. iv . 
Fsteinberg. rt al., phys. Rev., 95:431 (1954) 
JShurcty. R.. Unlverstty of California Radiation LaboratoiT Report, UCRL-793, Unpubllstaed 

Olondenln, L., Steinberg, E., J. Inort. and Nuclear Chem., 1, 45 (1&&S) 
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F i g . 1 

A graphical s u m m a r y of 
the r e su l t s of f ission 
fragment kinetic s tudies 

ZVA 

The p r i m a r y f ission fragment m a s s e s as de te rmined by kinetic m e a s ­
u remen t s a r e given in Table I, ajid plotted as a function of the f ission p a r a m ­
e te r Z ^ / A in F ig . I . The heavy fragment m a s s is nea r ly constant for all f ission 
p r o c e s s e s . However, t he re is an indication that the heavy fragnnent m a s s 
i n c r e a s e s for values of Z ^ / A g r e a t e r than 38 .1 . This value of Z y A c o r r e s ­
ponds to the maximum of the toteil energy curve . F u r t h e r m o r e , a discontinu­
ity ex is t s in the sys temat ics of the alpha decay of heavy nuclei(8) in this same 
region. It may well be that a l l of these effects a r e a s soc ia ted with the closing 
of a neutron shell at neutron number 152. 

THE FISSION NEUTRON SPECTRA OF Pu^*^*, U^^# AND Cf"^* 

A knowledge of the f ission neutron spec t rum is requis i te to the p roper 
design of multiplying sy s t ems and is fundamental to a thorough understanding 
of the f iss ion p r o c e s s . The fission neutron spec t r a of U^^# and Pu^°# have 
been exper imenta l ly studied.(9,10) With the advent of the breeding r eac to r 
concept a knowledge of the neutron spec t r a of U^'*# and Pu^'*^# is of i n c r e a s ­
ing impor tance . Moreover , the f ission neutron spec t rum gives us one of the 
best methods of exper imenta l ly determining the nuclear t e m p e r a t u r e of the 
f ission f ragments . In o rde r to give a be t te r insight into the f ission p r o c e s s 
and to obtain useful r eac to r design p a r a m e t e r s aji exper imenta l de t e rmina ­
t ion of the f ission neutron spec t r a of U^^*#, Pu^^# and Cf̂ ^̂ * was c a r r i e d out. 

These fission neutron spec t r a were m e a s u r e d using proton reco i l s in 
emuls ions and t ime of flight techniques . The recoi l emulsion studies cov­
e r ed the energy range 1.1 to 8.0 Mev and the t ime of flight m e a s u r e m e n t s 
extended from 0.3 to 3.0 Mev. C-2 Ilford emuls ions were a r r anged about an 
essen t ia l ly point source of f ission ma te r i a l (see F ig . 2). This f iss i le sample 
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Fig. 2 

A comparison of the fission neutron 
specua of u235 + mh. u233 + n^h. 
Pu241 + jĵ ĵ  jjjjj cf252 (spontaneous). 
The normalization of the distributions 
is chosen for clear representation and 
is otherwise arbitrary. A schematic 
diagram of the experimental arrange­
ment is also shown. 

ENERGY in Mev 

was then bombarded with the rma l neutrons col l imated in such a manner that 
the fogging of the emtilsions was kept to a nminimum. In the case of Cf̂ ^̂ * 
the spontaneous na ture of the p r o c e s s made the neutron beam tmnecessa ry . 
Throughout the exper iments cons iderable c a r e was taken to el iminate ziny 
undesi red per turbat ion of the f ission spec t r a being studied. The emulsions 
were p r o c e s s e d and r ead in a conventional manner desc r ibed e l sewhere in 
these proceedings.(11) 

The t ime of flight m e a s u r e m e n t s a r e bas ica l ly a de terminat ion of the 
t ime requ i red for the neutrons to t r a v e r s e the distance between the f ission 
source and the neutron detector.(12) The fissionable materieil was contained 
within a gas scint i l lat ion sys t em. This detector provided a fast t ime m a r k e r 
coincident with the fission event. The neutron detector was a p las t ic sc in t i l ­
la tor s i tuated between 50 and 80 cm from the neutron source (see F ig . 2). In 
making the t ime measu remen t s it was a s sumed that the fission neutrons were 
emit ted within <10~' sec of fission.(13) In addition to the above exper imen t s , 
the fission neutron spec t rum of U^^# was nneasured. The resul t ing d i s t r ibu­
tion was in good agreement with that obtained by other workers . (9) 

The f ission neutron spec t r a of U ^ ^ , Pu^"*^* and Cf"^* a r e well r e p r e ­
sented by the "Watt" empi r ica l expression:(14) 

F [ E ( M e v ) ] ~ e - a E sinh (bE)^'^^ 

where F(E) is the number ol neutrons per unit energy and the constants a 
and b take the values given in Table II. The table a lso includes the values of 
the constants for the fission neutron s p e c t r a of U^'^#, and Pu^^#. The U^^#, 
Pu^*^# and Cf̂ ^̂ * spec t r a a r e graphical ly compared with one another and with 
the U^^# spec t rum in F ig . 2. F r o m the figure and table it i s evident that the 
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Table n 

PARAMETERS FOR THE EMPIRICAL FISSION NEUTRON 
SPECTRAL DISTRIBUTION 

F(E) -e -^E sinh (bE)^^' 

Isotope 

U ^ ^ 
U ^ ^ 
P u ^ # 
P u ^ # 
Cf252* 

a 

1.05 ± 0.05 
1.036 
1.0 
1.05 ± 0.05 
0.88 ± 0.03 

b 

2.0+ 0.1 
2.29 
2.0 
2.0 ± 0.1 
2.0 ± 0.1 

Average Neutron 
Energy in Mev 

- 2 . 0 
- 2 . 0 
- 2 . 0 
- 2 . 0 
- 2 . 3 6 

Reference 

a 
b 
c 
a 
a 

a = present work b = see reference 9 c = see reference 10 

fission spectra of U^'^, Pû *®# and Pu^*^# are , within the experimental accu­
racy, identical to that of U ^ ^ while the spectrtmn of Cf^"* is noticeably more 
energetic. 

By detailed balancing of the partition of fission energy, Leachmaja( 1 °) 
has obtained theoretical agreement with many experimentally determined 
fission properties. With a fragment temperature of i.O Mev he calculated 
spectra in qiuilitative agreement with the measured U^^# and Cf̂ ^̂ * fission 
neutron spectra.(17,16) Quantitatively the calculated distributions were too 
energetic. The calculations did predict a 21% increase in the average fission 
neutron energy of Cf̂ '̂ * as compared to U^^^ in excellent agreement with the 
results of this experiment. 

A much simpler approach was taken by the authorsv^^'l^'^S) using a 
statistical model of the excited fragments. Spectra calculated using fragment 
temperatures of 0.8 and 1.0 Mev for U ^ ^ auid Cf^"* fission respectively gave 
remarkably good agreement with experiment. 

PROMPT GAMl^lA RAYS ACCOMPANYING THE FISSION OF Cf"^* 

A knowledge of the prompt (< 1 0" ' sec) fission gamma ray spectrum 
is essential to the design of reactors cind radiation shields. In addition the 
energy released in the form of quanta is importeuit to the understanding of 
fission. Recent studies of the gamma rays emitted in the fission of U ^ ^ 
are in disagreement with earl ier experiments and with theory.(19,20,16) jt 
was thus decided to examine the prompt fission gamma ray spectrum of Cf̂ '̂ *. 
The spontaneous nature of this process made possible a considerable reduction 
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in the background associated with previous experiments. The measvirement 
of a continuous gamma ray spectrum was difficult due to the lack of a detec­
tion system which gave a one-to-one correspondence between gamma ray 
energy cind a measurable parameter. In this experiment the requirement of 
simultaneity between the gamma ray emiss ion and fission was a further comi-
plication. The double crystal "Compton" spectrometer shown in Fig. 3 gave 
a unique spectrcil response over much of the energy range of interest.(21) 
Simultaneity between the fission event and the gamma ray emission was a s ­
sured by the use of fast detectors and high speed coincidence techniques 
(resolving t imes —3 x 10"' sec) . The experimental arrangement was such 
that there was no significcint response to fast f ission neutrons. 

0.01 r 

0.0001 

FISSIOK SOURCE — , CRYSTAL 
REMOVABLE LEAD 
COLLIMATOR 

Fig. 3 
The experimentally measured cfi^ prompt 
fission gamma ray spectrum compared with 
that of u235. xhe equipment used in mak­
ing the cfi^^ measurements is shown in the 
upper portion of the figure. 

4 5 

ENERGY IN Mev 

The distribution of primary detector pulse heights in coincidence 
with a fission and a Compton scattered qxianta were recorded on a mvdtichsm-
nel analyzer. The gamma ray energy spectrum shown in Fig . 3 was obtained 
from this distribution. The gamma ray detection efficiency of the apparatus, 
thus the normalization of the spectrum, was measured using standard gamma 
sources.(22) Qualitatively it was evident that the prompt fission gamma ray 
spectrum of Cf̂ '̂ * was, above 0.5 Mev, a monotonically decreasing function 
of the energy. 

The figure also shows that the recent measurements of the U^^(19,23) 
fission gaxnma ray spectra are similar to the results of this experiment. 
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Table III gives a numerical comparison of the number and energies of the 
quanta emitted in the fission of U ^ ^ and Cf"^*. The results of this experi­
ment indicate that the recent U ^ ^ gamma ray measurements are correct 
and that the former values and the theoretical estimates(l6) are in e r ro r . 

Table m 

CHARACTERISTICS OF PROMPT PHOTONS FROM FISSION 

Fissioning 
Isotope 

Cf252 

U235 + n 

U»5 + n 

Total 
Photons/ 
Fission 

10.3 

7.5 

Photons/ 
Fission 

(0 .5-
2.3 Mev) 

5.0 

5.0 

Energy 
Loss in 

Photons/ 
Fission 

(0 .5-
2.3 Mev) 

5.2 

5,1 

Total Energy 
Loss in 
Photons 

8.2 Mev 

8.0 Extrapolated 

7.46 

Reference 

Present 
Work 

a 

b 

a = see reference 23 b = see reference 19 

In the course of this experiment a search was made for very short 
lived delayed neutron and gamma ray emission. It was found that in the time 
interval 3-15 mjUs aiter fission neither emanation was present in more than 
5% yield per fission. The result was not vuiexpected since beta decay sys ­
tematics precluded any delayed neutron precursors in this time interval and 
very short lived isomers were not expected in the mass region corresponding 
to high Cf^"* yields. 

DELAYED NEUTRONS FROM THE SPONTANEOUS FISSION OF Cf"^ 

Very soon after the discovery of the fission process the emission of 
a small number of neutrons delayed in the order of a second from the mo­
ment of fission was recognized.(24) This delayed neutron emission was at­
tributed to fission fragments left in highly excited states after one or more 
beta decay processes. This precursor hypothesis for delayed neutron emis­
sion was generally verified by experiment.(25,26) Unfortunately, the choice 
of precursors is not cdways unique. The fission mass yields of U^**#, U ^ ^ 
and Pu^^ '̂f do not differ by large enough amounts to drastically effect the 
choice of delayed neutron precursors . However, in the fission of Cf"^* the 
region of large light fragment yields occurs at appreciably higher mass 
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n u m b e r s than in U ^ ' ^ . Thus a compar i son of the Cf^"* delayed neut ron and 
m a s s yields with those of other f issionable isotopes is a s eve re t e s t of many 
possible p r e c u r s o r a s s ignmen t s . F o r this r eason an exper imenta l study of 
the delayed neutron yield of Cf '̂̂ * was under taken. 

Most exper imenta l s tudies of delayed fission neutron emiss ion con­
s i s t of br ief ly exposing a fissionable sample to neutrons and then t r ans f e r r i ng 
it to a neutron detection sys t em where the delayed neutron act ivi ty is d e t e r ­
mined as a function of t ime after f iss ion. A few invest igat ions have consis ted 
of a chemical separa t ion of a pa r t i cu la r f ission fragment followed by a m e a s ­
urement of i ts delayed neutron activity.(27) This exper iment belongs to the 
fo rmer ca tegory . The experimenteil arrangennent is shown in F ig . 4. 

Fig. 4 

A typical experimentally measured 
distribution of the delayed neutrons 
from Cf252 fission. This particular 
measurement was obtained with a 
6 sec irradiation period. The ex­
perimental anangement is also 
shown. 

Time in seconds after Irrodiotion 

A ba t te ry of BF3 counters is contained within a moderat ing medium which in 
turn is placed within a l a rge shielding tank of bora ted wa te r . A pneumatic 
shuttle is a r r anged to slide in and out of the counter and shield a s sembly at 
a p r e se t cyclic r a t e . At the ex te r io r l imit of i ts t r ave l this shuttle p laces a 
foil 0.5 m m from a sample of Cf̂ ^̂ * (3.8 x lO'f iss ions/nnin) . This foil catches 
the fragments leaving the Cf '̂̂ * sample . After a "catching per iod" the foil 
i s rapidly t r a n s f e r r e d to the center of the counting a s sembly . The neutron I 
emiss ion ra te of the f ragments is then de termined as a function of t ime after 
i r r ad ia t ion . A typ i ca l experinnentally obtained distr ibution of delayed neu­
t rons from the fission of Cf̂ ^̂ * is shown in F ig . 4. 

Accepting the p r e c u r s o r hypothesis and assuming that only one beta 
decay t rans i t ion precedes neutron emiss ion , the dis tr ibut ion in t ime of the 
delayed fission neutron activi ty is given by: 

N(t) - I Aii'^i^ 
i = 1 

110 120 130 140 \iO_ 
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where N(t) is the number of neutrons emit ted per unit t ime , A^ is the re la t ive 
yield of the i^^ group, bi is the decay constant of the i^h group, and n is the 
total number of p r e c u r s o r s . The p a r a m e t e r s n, Ai, and bi in the above ex­
press ion were adjusted by the method of l eas t squares to give the best fit to 
the exper imenta l data. This p rocedure showed that the f ission of Cf̂ ^̂ * yields 
p r i m a r i l y th ree delayed neutron groups whose half l ives and re la t ive abun­
dances a r e given in Table IV. The exper imenta l technique would not be sen­
sitive to a period whose half life was l e s s than 0.3 second. The absolute 
yields given in the table w e r e obtained from the fitting p rocedu re , utilizing 
the exper imenta l ly de te rmined values of the source s t rength and counting 
efficiency. F o r compar i son . Table IV includes the delayed neutron yields 
of the the rma l neutron induced fission of U^^^# as m e a s u r e d by Keepin.(26) 

Table IV 

Cf252* DELAYED FISSION NEUTRON YIELDS 

Group 
No. 

Half Life 
(sec) 

Relative 
Abundance 

Cf252:jc (spontaneous fission) 

1 
2 

3 

0.5 ± 0.2 
2.0 ± 0.4 

20.0 ± 0.5 

0.407± 0.12 
0.338+ 0.046 

0.255 ± 0.010 

Tota 

U " ^ ( thermal fission)(26) 

1 
2 
3 
4 
5 
6 

55.7 
22.7 

6.2 
2 .3 
0.6 
0.26 

0.033 
0.219 
0.196 
0.395 
0.115 
0.042 

Tota 

Absolute Group 
Yie ld /F i ss ion 

0.0035 
0.0029 

0.0022 

I = 0.0086 ± 0.001 

0.00052 
0.00346 
0.00310 
0.00624 
0.00182 
0.00066 

I = 0.01580 

Suggested 
P r e c u r s o r 

Cs? Xe? Te? 
Xei40 (il38 ,) 

and others 
Xe^«+ I " ' 

and others 

B r " 
Il37 ^ B^88 ̂  ^ 
Ii38 + Br«9 + ? 
l " 9 X e ? C s ? 

Suggested U^^^ delayed neutron p r e c u r s o r s a r e a lso given. These a s s ign ­
ments a r e based on positive chemical determinations(27,28) cor re la t ions of 
delaved neutron and fission m a s s yields of U"*#, U ^ ^ , U"H and Pu^**# f i s -
sion(26) and on beta decay systematics . (28) xhe fission product yields of 
Cf̂ ^̂ * in the m a s s region 85-95 a r e re la t ive ly much sma l l e r than those of 
U^^#. Thus few, if any, Cf '̂̂ * delayed neutrons should originate in p r e c u r ­
s o r s whose m a s s e s a r e in the region of la rge light f ragment yields in U^ # 

9 



f iss ion. Therefore a r s en i c and bromiine p r e c u r s o r s should not r e su l t f rom 
Cf252* f ission. This is in agreement with the experinnent, which does not de ­
tec t a measurab le 55 sec (Br'^) delayed neutron per iod in Cf̂ ^̂ * f iss ion. 
F u r t h e r m o r e the re is not a measurab le 6 sec delayed neutron group p resen t 
in Cf̂ ^̂ * indicating that the Br* ' p r e c u r s o r i s probably the dominant cont r ibu­
tor to that per iod in the U^^^ f iss ion. This is consis tent with the re la t ive 
yield of this per iod in Pu^**'# f ission and is not in d i sagreement with the chem­
ical identification of a 6 sec I^" p r e c u r s o r of unknown intensi ty. The 22 sec 
U^^^ per iod is now at t r ibuted to a comibination of Br** and l" ' . (27) it is dif­
ficult to in t e rp re t the p re sen t exper imenta l ly de te rmined 20 sec per iod as 
being due to the 24 sec I^^'. Cer ta inly , if p re sen t , an I^'^ per iod must be 
mixed with a new p r e c u r s o r of about 15 sec half l ife, perhaps Xe*'**'. The 
nature of the p r e c u r s o r hypothesis , and known beta decay sy s t ema t i c s , do 
not exclude the possibi l i ty that delayed fission neutron emiss ion involves a 
l a rge number of p r e c u r s o r s not known at this t ime . While the resvdts of this 
exper iment definitely support the ass ignment of bromine delayed neutron 
p r e c u r s o r s in U^^ # fission they do not clarify the cu r ren t p ic ture of heavy 
delayed neutron p r e c u r s o r s . The argument for a more complex p r e c u r s o r 
sequence is substant ia ted by the re la t ive ly high total delayed neutron yield 
in Cf̂ ^̂ * fission, far l a r g e r than is consis tent with p resen t known heavy 
fragment p r e c u r s o r s . 

CONCLUSION 

The exper iments r epor t ed in this paper extend the knowledge of the 
fission p rocess over a considerably wider range of nuclei . This i nc reased 
information should provide a f i rmer bas i s upon which to const ruct a theo­
re t ica l understanding of fission and should provide a wider tes t ing ground 
for new theore t ica l concepts . Some of the exper imenta l r e su l t s a r e of 
di rect usefulness in applications of the fission p r o c e s s to the benefit of 
mankind. 
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