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INTRODUCTION 

The reaction -H3 4 A? a _He^ 4 4 17.6 mev 
i. X c O 

was first stud, led by Baker et al^ in the energy range from 300 

kev to 900 kev. These workers used a cyclotron to accelerate 

tritons onto a heavy ice target. Their results indicated a strong 

resonance at low energies, v/ith a peak indicated in the neighborhood 

of 320 kev triton energy. They estimated the cross section at the 

peak to be 2.8 barns*. 

Since the first experiments other investigators have studied 

the reaction at low energies using Cockroft-Walton accelerators* 

Bretscher and French'^ accelerated tritons onto heavy ice targets 

in the 15-128 kev range of triton energies* While they did not 

reach the peak of the excitation curve, they were able to fit their 

data fairly Yfell to a resonance-type formula assuming a resonance 

energy of 12h.3 kev and a nuclear half-width of 71*7 kev. Allan 

and Poole accelerated tritons onto targets of two types, heavy 

ice^ and heavy water vapor.^ Their early data on the heavy ice 

targets indicated a resonance at about 160 kev, but their work 

using vapor targets showed no peak below their energy limit of 

200 kev. . . . 

Investigation of this reaction has been hampered by the lack of 

suitable targets. A gas target requires either a mica window (causing 

straggling in the beam energies) or differential pimping (which has 

the disadvantage that there is a pressure gradient in the gas 

chamber with a resultant uncertainty in the pressure at the section 

subtended by the counter). Heavy ice targets are not ideal because 
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of the uncertainty in the energy losses of tritons in such targets. 

The cost and availability of tritium present a further serious 

problem. 
„ 7 

In 19t>0 Bonner measured the cross section for the D-T reaction 

over a IQ-llsQ kev range of deuteron energy. He accelerated deuterons 

onto thin targets of tritium absorbed in films of zirconium evaporated 

onto tungsten disks. The method of preparation of these targets has 
8 been described by Lillie and Conner. Bonner found, a peak in the 

excitation curve at 110 kev deuteron energy. This value and the 

absolute values of the cross section he obtained were somewhat at 

variance with the results of other workers* 

One suggested reason for Bonner’s higher values of the cross 

section is that the deuterons may have been back-scattered by the 

tungsten or zirconium so that some of the particles may have traversed 

the tritium-containing volume twice. To check this possibility, Mr. 

Jerry P. Conner and the author have been studying the reaction using 

Zr-T targets with aluminum backing, to eliminate the back-scattering 

that may have been caused by the tungsten. The target used in talcing 

the data presented here may have enough zirconium on it (U7 g/ov?) 

to produce some such scattering. Work is progressing toward obtaining 

targets with thinner Zr films. Scattering in these thinner targets 

is expected to be on a much smaller scale than in the thicker targets. 

Comparison of data from targets of different weights should show 

whether or not deuteron scattering has an appreciable effect in Zr-T 

targets. 
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APPARATUS 

Deuterons were accelerated by a 200,000-volt Cockroft-Walton 

voltage doubler. The a.c. ripple was less than 1% of the D.G. 

output voltage. Voltages were measured by observing the current 

through a resistor stack of one 5-megohm and 19 7*5~megohm resistors. 

These resistors were wire-wound and had a rated accuracy of §&•♦ 

No corona losses could be detected oh any part of the resistor1 stack 

at any of the voltages used. The voltage measurements should be 

accurate to better than 1%, 

The full rated range of the accelerator was not utilized in 

this experiment because the adjustable set of corona points was found 

to have too long and too few points for operation at higher voltages. 

Consequently the highest voltage at which usable data were obtained 

was l!|0 kev. A new set of, points, suitable for operation over the 

whole accelerator range, has since been constructed. 

The ion source was a poor one, giving a maximum of about U- 

©icroamperes total beam current. The molecular component of the beam 

was about 15 times as intense as the atomic. Because of the high 

cross section for the reaction, however, current limitation was-a 

problem only at the lowest energies. In the vicinity of the peak of 

the cross section, no more than 1/5 of the maximum current was needed. 

Beam currents were adjusted so that the mechanical recorder on the 

output of the scalar of the alpha counter was required to pulse no 

more than four times per second. This -counting rate is less than 

half of the rated capacity of the recorder, and was used to eliminate 

the necessity of correcting for the counts that may have been missed 

at a higher counting rate. Current control was effected by varying 
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the current to the filament of the ion source. 

An electromagnet was used to separate the beam into its various 

mass components. The beam was defined by a slit system composed of 

3/l611 circular apertures above and below the magnetic field. The 

lower slit accepted particles that had been deflected 10° from their 
% - 

original direction. 

The target chamber and counter assembly are shown in Big. 1. 

The beam was well centered on the target and produced a spot $ mm 

in diameter* location of the spot was checked by observing the 

carbon deposited by the beam when it was allowed to strike a target 

blank to which a thin film of grease had been applied. With a good 

target in the system deposition of carbon was impeded by the removal 

of vapor from the system by a liquid air trap close to the target. 

Secondary electrons produced by the beam at the target were prevented 

from leaving the target by a repelling voltage of 300 volts applied 

between the target and the chamber walls* Electrons produced by the 

beam at or above the bottom slit were repelled and prevented from 

reaching the target by a field due to a voltage of -2fj0 volts applied 

to an electrode placed between the' slit and the target. Efficiency 

of this device appeared to be 100$* as judged from the fact that the 

negative currents otherwise present between mass spots were completely 

removed. 

The alpha particles were counted at an angle of 90° to the 

incident deuteron beam. These particles passed through a mica 

window 1.5 mg/cm^ thick and into a counter filled with 80$ argon 

and 20$ carbon dioxide.' The alpha particles have an energy of 3.5 

mev and a range in air of 2.1 cm.* Since the mica window had an air 
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equivalent of 1.1 cm* the counter was filled to 4' atmosphere. This 

gave the counter an air equivalent of about 1 cm. The alphas under 

this arrangement go all the way across the counter and stop at the 

wall. The pulses produced in the counter are as large as possible and 

of uniform height. The counter was freshly filled before each run 

and a counting rate vs bias curve taken for each filling. With 850 

volts on the counter, maximum gain on the amplifier, and a .2 

microsecond rise time, the bias curve usually had about a 50-volt 

plateau. For the experiment the bias was set at the center of the 

plateau. 

The counter accepted alpha particles in a solid angle defined 

by a circular aperture 1 cm in diameter a distance of 7*60 cm from 

the center of the target. The counter thus subtended l/92it of the 

total solid angle. As the angular distribution of the alpha particles 

3 6 
is spherically symmetrical, the total number of disintegrations 

produced is just the number counted multiplied by 92 U. 

The number of incident particles was determined by measuring 

the current to the target with a current integrator of the type 

described by WattP" The integrator has four integrating condensers, 

selection of range being made by a multiple switch. The characteris¬ 

tics of the four ranges are shown in Table I. The sensitivities 

shown are correct to 
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TABLE I 

CAPACITANCES AND SENSITIVITIES OF INTEGRATING CONDENSERS 

RANGE CAPACITANCE 

C«f) 
SENSITIVITY 
(/(coul/ct) 

a 0,00075 0.0280 
b ,003 .0513 
c .01 .270 
d .1 2,3h 

Targets of tritium absorbed in zirconium films were prepared by 

the method described by Lillie and Conner,^ with minor modifications. 

As mentioned previously, evaporation was made onto aluminum disks 

instead of tungsten, to eliminate tungsten as a possible source of 

back-scattering of .the dduterons. Secondly, it was decided that 

instead of using a large amount of zirconium and timing the exposure 

of the targets to the evaporation, we should use small quantities of 

zirconium and evaporate all of it with the targets exposed. The 

latter process requires stricter control over the vacuum. The 

evaporating zirconium acts as a ’’getter", absorbing gases and lowering 

the pressure in the system. With very small amounts of zirconium, the 

gases may exhaust the absorptive capacities of the metal, with the 

result that the film on the target may be contaminated even before the 

evaporation is completed. It was found that the quality and predict¬ 

ability of the deposits could be improved by decreasing the time the 

system is open to the air for changing targets, outgassing the 

filament and targets before putting, any zirconium in the system, and 

by subjecting the evaporation'chamber to the action of additional 

cooling agents in the form of water coils and blowers just prior to 

the onset of evaporation; • 
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The weight of zirconium deposited wa3 determined by comparing 

the target with a standard before and after the evaporation. The 

comparison was made on a quartz spring balance having a sensitivity 

of 3.27 mg/mm. 

Targets were filled with tritium essentially as described by 

Lillie and Conner. 'Hie tritium was obtained from Los Alamos. For 

purposes of estimating the degree of target filling, two targets 

were filled with deuterium. . These targets were bombarded with 

deuterons at 100 kev and the D-D protons counted. The amount of 

deuterium in the targets was determined from the yield, using the 

known value of the cross section. p These two targets indicated 

fillings of §■ and 2/3 deuterium atom per zirconium atom, respectively. 

As a rough approximation, it was assumed that the tritium target 

used in this experiment had a ratiorTsZr = 1:2. Hiis is not a 

very accurate estimate, because so far target fillings have proved 

rather unpredictable. 
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PRESENTATION OF DATA 

The data herein presented were taken during three separate 

runs over our target #lU, which had a zirconium layer of about 

U7 ji g/cm * During Run $LS only the mass 2 and mass h beams were 

used# During Run #2 the mass 3 beam v/as tried at three points* and 

during Run #U all three beams were used throughout the run* The 

mass 3 beam appeared to be completely resolved, and gave results 

consistent with those obtained v/ith the mass U beam# Corrected 

data for the three runs are tabulated in Table II and shown graphically 

in Fig# 2* 

Corrections to the data were of three types: corrections for 

disintegrations caused by neutral particles striking the target, 

corrections for molecular hydrogen in the mass 2 beam, and corrections 

for energy losses in the target# Background was found to be negligible 

for all three runs and all energies# 

Particularly at low energies, some of the deuterons may be 

deflected as charged particles by the magnetic analyzer, then lose 

their charges in collisions between the analyzer and the target. 

Such particles will strike the target and produce disintegrations as 

deuterons, but will not be recorded by the integrator* To determine 

hew many of the disintegrations recorded were caused by neutral 

particles, a strong permanent magnet was placed belov/ the bottom slit 

to deflect the charged beam away from the target. With the current 

to the target reduced to zero, all disintegrations recorded could be 

attributed to uncharged particles.' The total and uncharged beams 

were allowed to strike the target for equal time intervals. The 

difference between the number of disintegrations produced was taken 
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TABLE IX 

EXPERIMENTAL DATA 

INCIDENT ENERGY AT ENERGY MASS RUN iJO.^C NO. BIT. 9fcTS/lNT. 
DEUTERQN 
ENERGY 

(lcev) 

CENTER OF 
1 TARGET 
| (kev) 

(Center 
of Mass) 

(kev) 

BEAM COUNTS courts & 
RANGE 

COUNT/ 
PARTICLE 

10.0 8.8 .'5.3 ii 3 15 U95 a 0.015 
12.8 XX+li 6.8 , ii 3 200 1232 a .081 
12.9 11.5 6.9 h 2 12 59 a .102 
lh. 9 13. ii 8.0 u 1 5ii2 1171 a .231 
15.3 13.7 8.2 ii 3 6it5 lii72 a .216 
17.1 15.5 9.3 3 3 37 73 a .507 
17.2 15.6 9.iv U 2 725 756 a .ii80 
17. it 15.7 9.it ii 3 itOlO 1321 b .ii65 
20.3 18.5 11.1 3 3 lUU 132 a 1.09 
20.3 13.5 11.1 it 3 5815 865 b 1.03 
20.U 18.6 XX •£ ii 1 380U h55 b 1.27 
22.5 20.6 12. ii ii 2 7367 603 b 1.87 
23.3 21.3 12.8 3 3 o2ii 307 a 2.03 
2li.9 22.9 13.8 ii 3 7702 387 b 3.05 
27.1 25.0 15.0 3 3 107 it 2iiU a U.iiO 
27. U 25.3 15.2 li 2 26ii00 289 c 4*79 
28.7 26.5 15.9 ii 3 Iit2iv9 129 c 5.72 
33.2 30.9 18.6 3 3 iia5 13U a 10.55 
3U.6 32.2 19.3 2 2 580 58 a 12.70 
35.2 32.8 1917 U 2 30500 122 c 12.95 
35.2 32.8 19.7 it 3 17600 225 b n.ii5 
39.7 37.2 22.3 3 3 2953 159 a 18.6 
UO.l 37.6 22.6 U 3 25250 197 b 18.6 
Wi.9 {{2.3 25.ii 2 2 2556 106 a 30.6 
U5.0 li2.U 25*U ii '■2 53100 255 b 31.9 
U6.8 lili.l 26.5 3 3 3811 113 a 33.7 
50.1 U7.3 28. Ii u 3 26500 98 b iil.ii 
5o.5 U7.7 28.7 u 1 11188 itO b li2.8 
53.5 50.7 30,U 3 3 U75o 92 a 51.9 
5U.2 51.3 30.8 u 2 62395 599 a 52.5 
55.2 52.2 31.3 2 2 1137ii 26U a 5U.7 
55.U . 52. it 31.5 h 1 128U7 108 a 59.5 
55.5 52.5 31.5 k 3 27200 2ii5 a 55.5- 
59.6 56.6 3U.0 . 2 1 6l63 103 a 70,0 
59.7 56.7 3U.0 it 3 20900 lit9 a 70.0 
60.9 57.9 3U.7 u 1 21251 lii2 a 7U.8 
66.8 63.7 38.2 3 3 9830 102 a 96.u 
67.5 6U.U 33.6 ■ u 3 27itOO litO a 97.9 
70.1 67.0 bp *2 2 2 2A670 307 a 102.3 
70.2 67.1 U0.3 A 1 23135 101 a llii.6 
7U.0 70.8 lv2.5 3 3 12570 100 a 125.7 
7U.2 71.0 li2.6 U 3 28200 115 a 123.0 
79.7 76.U ii558 3 3 16100 110 a lii6.3 
81.9 78.6 . U7.2 2 1 7000 52 a 157.6 
90.0 86.6 52.0 3 3 23500 131 a 179.3 
90.1 86.7 50.1 2 2 33231 229 a 18U.0 
90.9 95.9 57.5 3 3 22000 10ii a 212 

100.9 97.lv. 58.U 2 1 9U33 52 a 213 
110.0 106. it 63.5 2 2 37858 220 a 219 
110.7 107.1 6U.3 2 1 12138 6ii a 222 
121.5 117.8 70.6 2 ' 1 1U019 75 a 219 
HiO.O 136.1 81.8 2 1 io9ia 63 a 203 
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FIGURE 2 

EXCITATION AND.RESONANCE CURVES 
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to be the contribution of the charged deuterons in the beam. Such 

corrections could not be applied at energies above 70 or 80 kev set 

voltage because at the higher energies the permanent magnet would 

not completely deflect the beam from the target. However, at the 

highest energy for which correction was possible, the neutral 

component had fallen to less than 1% of the total. The worst case 

was at the lowest energies of Run #L, where the neutral component 

contributed more than 10$ of the total number of disintegrations. 

Mien the magnitude of the neutral contribution became apparent, the 

flow* of deuterium to the ion source was reduced to reduce the pressure 

in the vacuum system. The most common amount of neutral component 

at low energies for all three runs was 3$. 

The mass 2 beam consists of a mixture of D* and Hg*. Both 

components record as currents to the integrator, but only the D’t 

rill cause disintegrations in the tritium at low energies. The 

hydrogen content can be estimated from the relative intensities of 

the mass 2, 3, and h beams. A simpler method of correction is to 

normalise the curve taken with the mass 2 beam to that taken with 

the mass 3 and U beams. This is a valid method if the two curves 

overlap in energy range enough to determine whether they are in 

constant proportion. Of course any correction of this typo must 

assume that the proportion of hydrogen in the beam is constant. 

In Rian #3 this was not the case. There was an obvious radical change 

in the hydrogen content of the beam, making correction impossible 

and requiring that all data from that run taken with the mass 2 beam 

be discarded. There was no evidence of such a fluctuation in the 

data for the other two runs,' In each of them the mass 2 data appeared 

to be well normalized to the mass 3 and l* data if the counting rates 
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obtained with the mass 2 beam were multiplied by a constant. For 

Run #1 this constant was 1.17 • For run 2* it was 1.27. 

The deuterons lose energy in the target due to the zirconium and 

the tritium in the target. Possible energy losses due to other gases 

absorbed in the zirconium have not been considered. A curve for the 

rate of energy loss in zirconium (Fig. 3) was obtained by interpolation 

from the data of War shew. ^ Energy losses in the tritium were determined 

10 
from the data of Crenshaw* assuming that the targets were filled 

to a ratio of one tritium atom to two zirconium atoms* and assuming 

that deuterons lose energy in tritium at about the same rate they 

do in deuterium. Total energy losses in the target used are shown 

in Fig. U* 
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DISCUSSION OF RESULTS 

One of the purposes of this experiment -was to attempt to get 

some information as to whether or not the peak in the cross section 

of this reaction could be correctly interpreted as a resonance 

expression which shows a peak at a low energy without assuming a 

resonance* He assumed that the phenomenon was due merely to a 

combination of the barrier penetrability factor* which increases 

with energy* and the wave length of relative motion between the 

particles* which decreases with energy* He was able to obtain a 

fair fit to the data of Allan and Foole* and a better fit to that of 

Bonner. However* Bonner's experiment did not go far beyond the peak 

in the excitation curve, and Allan and Poole's did not reach the 

peak. The test of the Flowers theory will come when accurate data 

are available for the high-energy side of the peak. 
*1 

If the peak in the cross section curve is truly due to a 

resonance, it shodLd be possible to obtain a good fit to the experimental 

data with an application of the single-level resonance formula. 

Taschek and his associates^ have found no other peaks up to 2*£ mev. 

The single-level resonance formula is 

phenomenon. Bretscher and French^ fit their data fairly well with 

a formula derived by assuming a resonance in the reaction, but 

Allan and Poole^ felt that their data did not agree well with the 

resonance idea. Flowers^ has evolved a theoretical cross section 

CL. /^w fd 
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■where X = jjitimes the wave length for the relative motion between 
the colliding nuclei. J is the angular momentum of the compound 

nucleus, and s and i are the spins of the colliding nuclei. /TLand Q 

are the neutron and deuteron half-widths* respectively* and Tie the 

total half-width of the excited state. A partial half-’width is 

thought of as a product of a constant* a velocity-dependent factor* 

and a penetrability factor. In the interpretation of experimental 

data* where the partial half-widths and the angular momentum of the 

compound, nucleus are not known* the constants are- often separated 

from the energy-dependent factors to produce an equation of the form 

A P 
r~ £»■ {Er-E)\j£ 

The penetrability P can be computed from the tables of Coulomb 

wave-functions^ (see appendix). The resonance energy Br and the 

half-width /""can be determined from the experimental data. Plotting 

<rE*- 
the quantity —p— as a function of energy produces a curve havxng 

a maximum at Er and a width at half maximum of V• 

The data of this experiment appear to be best- fit by a resonance 

formula using Er = £7 kev* r- 70 kev. The experimental and theoretical 

curves are shown plotted together in Fig. 2. The fit is good except 

at the lowest energies and at the peak. At the low energies the 

experimental data suffered from a lowered counting rate and the 

increasing problems of energy loss. Past the peak* also* the thickness 

of the target presents a problem. The counting rate does not fall as 

fast for a thick target as it would for' a thin one. Moreover, the 

experimental curve shown uses data for Hun #1 alone past the peak. 

All the data taken during Run #3 with the mass 2 beam was unusable, 
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as mentioned previously. In Run #2» the last two points for each 

mass beam fell below the curve formed by the data from the other two 

runs and the remainder of Run #2 itself. A systematic error was 

indicated and the data was discarded. 

The agreement between experimental and resonance formulae 

appears to support the idea that this reaction involves a resonance* 

but could not be called conclusive evidence. Work now in progress 

aimed at studying the reaction with thinner targets and at higher 

energies should throw more light on the problem. The thing to watch 

will be how the curve behaves on the high-energy side of the peak. 

Since the alpha particles produced in the disintegrations are 

spherically symmetrical in their distribution, the total cross section 

for the reaction can b e expressed quite simply as 

(T- 
n f(n). 

where n ** number of disintegrations observed ;;  

- Fraction of total solid angle subtended by counter 

rl^ » irumber of particles striking the target during the observation 

Ng “ Humber of target nuclei per square centimeter 

Of these quantities, all are known except the number of atoms 

2 
per cm in the target* For purposes of determining energy loss due 

to tritium in the target, a figure of 1.6 X 10^ atoms/cm^ was used. 

With this value, we obtain a cross section at the peak of the reaction 

of 7.3 barns. The target used is about equal in beta decay activity 

to one of the targets used by Bonner. This second target had been 

determined to contain 1.76 X 10^ atoms/cm^. With the latter figure, 

we obtain a cross section at the pea!: of 6.7 barns. These values are 

in good agreement with the results of Bonner, who obtained 6.7 barns 
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as the peak cross section determined from the average of the 

values obtained rdth three calibrated targets. However, this 

agreement is not too impressive considering how poorly the target 

filling is known. More reliable data on the absolute value of the 

cross section will be available when data is obtained using 

thinner, calibrated targets. 
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. APPENDIX 

USE OF THE TABLES OF COULOMB WAVE-FUNCTIONS TO CALCULATE PENETRABILITIES 

Penetrability factors for a Coulomb barrier can be calculated 

by means of the Coulomb wave-functions. The Coulomb functions 

satisfy the equation 

■0t + Ci- *f-.- L(L+0/r'Jn-* 
v/here f3 - (2n)X(vrave number) (distance between particles) 

7i - Z2‘ e2 

/ H v 
L - Angular momentum quantum number 

There are two types of these functions: the regular function 

FT with asymptotic form 

FL<y sinl f- ^ J 
and the irregular function Gy having the asymptotic form 

^ tos(f> _ LX - yj if +*l) 

<rLz ar3ra-H + ifJ 
The barrier penetrability for a nuclear reaction is given by 

ft = ifi) 

where F^CR) means that this function is evaluated for a distance 

between particles equal to the nuclear radius R.*^ » 

R - = !■‘i x io'°(A.'h ^A^y 
and A2 are the atonic numbers of target and bombarding nuclei. 

The Coulomb function tables were designed to allow interpolation 

between given values vdth an accuracy of 1%* Because linear interpola¬ 

tion is not accurate in scans parts of the tables for these functions* 

there have been designed auxiliary functions having better interpola¬ 

tion properties. and Gj, can then be determined from these 
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auxiliary functions. For interpolation purposes,., the independent 

variables are |°and log^Q 7j» 

For the reaction T*din)He^, we are interested only in particles 

with L » 0. We need to know Fp(R) and G0(R) throughout our range 

of bombarding energies. We may find our values for FQ directly 

from Table 1 of the wave-function tables, or from the functions 

CQ and (£)Q or A0 and according to the relations 

,r& 7 '/*- 

where C-? * J 

Fo = Ao sin <Po 

There is no table for G0, so we must compute it from one of 

the relations- . 

0o = ®0/c0 

GQ a A0 cos q>0 
* 

Values of Bo are not tabulated independently, but may be 

computed from tabulated values of (ftQ and 

Use of the Coulomb wave-function tables requires interpolation 

in two variables unless it is possible to restrict the laities of one 

variable to those appearing directly. Unless the maximum accuracy 

is necessary,, ft .is sufficient to compute F for the values of /jfj 

given in the column headings and plot a penetrability curve from 

these points'. 

For the T(d,n)He^ reaction we compute 

R = 3,80 X 10"13 cm 
■M - ^ y ~ 5*ii6/E3(kev) where. E is the energy in the 

f9 = 0,0238 E»(kev) center-of-raass system 

We notice that n 
= constant = 0,157* We thus choose as values 

of those appearing in column headings and compute the corresponding 

values of f. 
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For instancej choose ^ = 0.5012. The corresponding value for f* 

for our reaction is 0.31k* The energy indicated is, 118.2 kev, We 

find it possible to get FQ directly from Table 1. Interpolating 

in f>, we find FQ = 0.1353 and F02 « 0.018. 

There being no table giving values of GQ, we use the relation 

Go = ®0/V °0 can be computed directly from the given value of ^ 

and is 0.376. ®o is not listed directly but occurs in the product 

function &®o . For the given values of jP and y s this function 

has the value 0.7U31. can bs found in its ovm table and is 

l.lkbk* Now we find €>0 - $o®o/ &o ~ °»6k8, and so G0 = 1*718$ 

G0
2 = 2.93* 

Finally we obtain PQ 
= 1/(2.95 •* 0,018) = 0.339* 

The values obtained for other values of y are shown in Table III 

and the penetrability curve is shovm plotted in Fig, 5* 

TABLE III 

PENETRABILITY FACTORS FROM COULOMB WAVE-FUNCTIONS 

-7 r tf. 6>. ®o c. G. Fo 

0.2312 
.3012 
.6310 
.?9kk 

1.000 
1.239 
1*383 
1.993 
2.312 

0.626 
•31k 
*2k9k 
.1973 
.137k 
.1230 
.0993 
.0733 
.0627 

1.09k0 
l.lk6k 
1.1338 
1.1380 
1.1617 
1.1637 
I.l6k0 
1.1630 
1.1633 

0.7627 
.7k31 
.7161 
.6878 
.6763 
,6639 
•6k 69 
.6311 
.6k92 

0.697 
,6k8 
.621 
.393 
.382 
.372 
.336 
■5,59 
■551 

0.6k2 
.376 
.277 
,183k 
.1087 
.03k0 
.0218 
.00673 
.0013 

1.086 
1.718 
2.2k 
3.20 
3.33 

10.60 
23.3 
82.8 

371 

1.0002 
0.1353 
*0191 
,0k2k 
.0199 0 

7.05x10“:? 
2.52x10-3 

6.2 xlO-k 
1.1 xl0“k 

7 EE 
(kev) 

P 

- 
0.2312 
.3012 

‘.6310 
*79kk 

1.000 
1.239 
1.383 
1.993 
2.312 

k70 
118.2 
7k.9 
k7,3 
29.8 
18.7 
11.8 
7.3 
k.73 

k. 38x10“'!; 
3.39xlO~J 
l, 98x10*1 
9.76x10-2 
3.50x10“ 2 
8190x10-8 
1.3LxlO-f 
i.k&io-d 

7.23xl0-5 
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LITY CURVE FOR D-T REACTION FIGURE 5 
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