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TAaz. E I. Bombardment data for low resistivity P-type Ge.
~ ~

In addition to an enhanced yield resulting from some preferen-
tial mode of fission, delayed neutron and neutron boil-off effects
rom the fragments after fission could afkct the yields in the 133-
136 region further. Evidence supported the latter effects is pro-
vided by the abnormally low yield of Xe"' (and of Iiss determined
radiochemically'). Ho~ever, the existence of a short-lived isomeric
s ate could account for the observed result in the case of Ii3II and
perhaps faulty normalization in the case of Xe"'.

th
A treatment of beta-decay systematics b S ' d' hy uess in icates that

t e observed energies of Zr" and Zr'5 are h 1 hr are muc ower than ex-
pected. This may be an indication of a shell at 40 protons. Recent
mass measurements by Duckworth and Preston also indicate
extra stability for a 40-proton configuration. If this

'
true, the

ig yields near mass 100 may also be the result of a r f
r a pro on con6guration. In any event, it appears that

the only reasonable explanation for the anomalous ield at Mo"'
is a nuclear structure preference in the 6ssion act.

The data also indicate a dip in the curve at mass 92 which is
unexplained at present. Since low binding of closed shell plus
3 and 5 neutrons seems probable from published data on neutron

inding energies, o boil-off of the 55th neutron (at Rb~) is erha s
prominent here.

Further investigations are in pro~ress with a view toward
es a is ing as complete a 6ssion yield-mass curve as po 'bl b

spec rometric measurements of the isotopic abundances of
fission produced elements as well as accurate radiochemical de-
terminations. Similar studies on U ~ and P ~9 6 '

dan u ssion products are
planned to observe the effects of change in mass and nuclear charge
o the 6ssile nucleus on the observations reported here.
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Sample dna/d(net) gast, T4

7.0 X10'7 cm s

1.01 X10is
1.3 )&10is
1.5 )&10&&

—5.0-5.0
2 c2-2.9

32oC
37
48
48

{nq&7)&10" cm ') was followed during fast neutron bombard-
ment in the Oak Rid ein e a i ge pile. The initial rate of change in carrier
concentration per incident neutron d /d{ t h

o e concentration nI, , and the exposure temperature for these
samples sre listed in Table I. All samples showed a decrease in
conduc ivity with bombardment and a gradual approach to a
limiting value as predicted by the model.

The limiting value of the hole concentration, above which a

given b
ecrease in hole concentration with bombardment i

given y
ar men is expecte, is

(nq) i;t,=2(2~mq*kT/h') & exp( —f& it/k1'j (1)

where gi;t, is measured from the top of the 6lled band. Conse-
quently, it should be possible to choose Ge samples with appro-
priate hole concentrations which on bombardment would show a

ecrease in carrier concentration at low temperatures and an
increase at hi h tern er'g emperatures within a convenient temperature
range. Several samples with hole concentrations of ~10's cm '
were bombarded at —78'C, and the conductivity was followed at
that and at ambient temperature {55'C)after the dry ice was sub-
ime . typical conductivity ~s integrated fast neutron Qux
not g,.~ curve is shown in Fig. 1. The values of d /d( t f
o h temperatures and the original hole concentrations for these

samples are listed in Table II. In every cas th 1case e s ope is negative at
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NS'i both acceptors or electron traps and donors or hole traps,.. presumably associated with lattice vacancies and interstitials,
respectively, are introduced near the middle of the forbidden band

y nucleon bombardment. Consequently, the Fermi level |of E-
type Si is depressed and that of P-type Si is elevated by bombard-
ment toward a limiting or saturation value &ue & iI;s Causing a corre-

H i
sponding decrease in the conductivity of both E- d P-t

eretofore, experiments on both S- and P-type Ge' indicate that
bombardment causes an increase in P-type character with an ac-
companying depression of f toward the top of the 6lled band. This
behavior may be interpreted as being the result of the introduc-
tion of acceptors on1y. However in view of th 1e c ose simiiarity of
the electronic and crystal structure of Ge and Si, one would expect
donors to be introduced into Ge as well.

James and Lehman' have investigated the situation in which
both acceptors and hole traps (donors) are introduced in equal
numbers below the middle of the ulled band and 6nd that
lies half way between the two introduced levels. Thus the p
o original]y X-type or high to moderate resistivity P-type Ge
will be depressed toward g&;~ by bombardment awhile low re-
sistivity P-type Ge with a t value below gi;&'will show an eleva-
tion of g corresponding to a decrease in conductivity.

The conductivity of 5 low resistivity P-type Ge single crystals'
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TAax, E II. Bombardment data for P-type samples bombarded
successively at —78'C and 55'C.

Sample e10( —78 C)
de&/d(en&}fe, et,

at -78'C at 55'C

4 01 X101e
4.69 X1016
4.86 &(101&
7.23 0&1016

-0.99-1.12-1.03—1.10

0.20
0.396

+
+

Measurement of the Cross Section for the Reaction
T+T~He'+2n+11. 4 Mev*
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A MEASUREMENT of the cross section for the reaction

T+T~He4+2e+11.4 Mev

has been made using the 2.5-Mev Los Alamos electrostatic gen-
erator. An analyzed beam of tri tons was passed through a 1/20-mil
Ni foil into a thin gaseous tritium target. ' The triton energy was
varied from 40 kev to 2.22 Mev. The average triton energy in the

—78'C and positive at 55'C in agreement with theory. Thus the
James-Lehman model is qualitatively verified by these experi-
ments.

An idea of the magnitude of gjj j& for Ge may be obtained from
Eq. (1) and the experimental data. The values of nq for sample 1
of Table I and sample 4 of Table II may be used to bracket
(el )j~jt.At 55'C 7.23X 10"cm ' & (nq) jj~jt &7 02)(10' cm, and
from Eq. (1) it can be shown that 0.168 ev&pj;;t)0. 105 ev.
Further experiments designed to determine gj jt, more exactly and
to test the model more rigorously are underway.
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center of the target was calculated by taking into account the
energy loss in the Ni foil and the target gas. At triton energies
below 100 kev the straggling is quite large, and the results at this
low energy are presented only to show the general shape of the
cross section. The neutrons produced from the reaction were de-
tected with a "long counter. '"

The neutron spectrum from the reaction has been examined in
some detail, &4 and except for the presence of two rather broad
peaks at 8.1 and 10.4 Mev, there seem to be equal numbers of
neutrons per energy interval up to 11 Mev, with few neutrons
having an energy greater than 11.5 Mev. The neutron detector
had a response which was essentially Hat up to 5 Mev and had an
efBciency at 14 Mev which was 67 percent of that at 5 Mev.
However, since the neutron spectrum from the T+T reaction is
similar to that obtained from the Ra—Be source which was used
to calibrate the detector, no counter eKciency correction has been
applied in computing the cross section.

The main difhculties encountered in this experiment were caused
by the presence of background neutrons produced by the inter-
action of tritons with various materials present on dehning slits,
etc. It was found that at energies above 1 Mev a large number of
neutrons were produced from the action of tritons on aluminum.
For this reason 1/20-mil Ni foils instead of aluminum foils were
used as windows between the acceleration tube and the target
chamber. Backgrounds were taken with He4 replacing the tritium
in the target. Above 1.2 Mev the background neutron yield in-
creased more rapidly than did the (T+T) reaction, and as a con-
sequence the errors of the measurement increased markedly.
Since the arc gas contained a high percentage of H2, the triton
beam of highest energy whose composition was known (there was
no deuterium in the system) was the HT+ beam. However, in
order to reach higher energies it was necessary to use a mass 3
beam. The mass 3 beam, however, was composed of singly ionized
triatomic hydrogen molecules as well as monatomic tritium ions.
To correct the beam current measurement for the presence of the
triatomic hydrogen molecules the ratio of the yield between singly
ionized mass 4 and mass 3 beams was obtained for several energies
between 1150and 1350kev, and the factor was applied to the data
taken with the singly ionized mass 3 beam above 1.35 Mev. The
ratio which was obtained was checked at the end of each run, and
the beam composition was found to remain quite constant.

Figure 1 gives the differential cross section in millibarns per
steradian at 0' for the reaction T+T~He4+2e+11.4 Mev as
determined by detecting the neutrons. If one wishes to obtain the
number of neutrons produced, since there are two neutrons pro-
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FIG. 1. Differential cross section in millibarns per steradian as determined with the neutron detector at, 0 for
the reaction T+T~He4+2e+11.4 Mev.


