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INTRODUCTION 

The radioactive decay of Idf has been studied by many investigators 

since its discovery in 1935 by Crane, Delsasso, Lauritsen, and Fowler! 

9 
Id has a half life of *89 seconds and decays with the emission of an elec¬ 

tron to Be® which is unstable and breaks up into two &. particles. The 

8 -14 
half life of the ground state of Be is less than 10 seconds, 

<? 2 
The shape of the Id ^spectrum was measured by Bayley and Crane in 

1937* The experiment was done again by Hornyak and Lauritsen in 1950. 

The Kurie plot showed an excess of low energy electrons compared to the 

usual straight line characteristic of allowed spectra. 

The total energy available for the (5 decay was known to be about 16 

Mev from mass difference calculations, and the observed end point of the 

^ spectrum was about 13 Hev. This was in agreement with earlier experi¬ 

ments which showed that the residual Be8 nuclei were formed mainly in an 

excited state at 3 Mev with a width of about 1 Mev. Hornyak and lauritsen 

estimated that less than 2% of the transitions left Be8 in its ground 

state. This was explained by postulating different spins for the ground 

state and the 3 Mev state in Be8 so that selection rules would forbid the 

transition from Li8 to the ground state of Bel The ground state of Bes was 
10-12 

known to have 0 spin and even parity and there is now much evidence that 

the 3 Mev level has a spin of 2 and even parity. 

The explanation of the shape of the ^ spectrum was not clear, however. 

Hornyak and Lauritsen showed that it could be decomposed into three compo¬ 

site spectra, involving a complex decay with about 90% of the transitions 



8 pro deeding to the 3 Mev state in Be and the remaining 10$ divided between 

transitions to two levels at about 10 and 13 Mev. 

On the other hand the shape of the ^ spectrum might be explained by 

the shape, (i.e., the level density distributidn) of the 3 Mev level in 
- 3 . 

Be, Ihe a particle distribution from this state as obtained by Bonner, 
4 

Evans, Malieh, and Risser indicated a half width of about 1,2 Mev, (a re- 
. ' .13 

cent determination gives it as 1.26 &06Mev), with a distribution extend¬ 

ing beyond 12 Mev. Ihe p spectrum shape to be expected from such a broad 

final state was calculated using the combined data of Bennett, Bonner j 
5 (, 

Mandeville and Watt and Smith and Ohang. Ihe curve obtained was a good 

fit to the observed spectrum except for ^ energies less than h or 5 Mev 

where the calculated points fell below the observed spectrum. 

A simple decomposition of the spectrum into a number of ordinary 

spectral components would only be valid if the states in Be involved were 

very narrow. 
8 

One other possibility is that y emitting states in Be might be in¬ 

volved in the reaction, but at least two experiments have been reported 
7 

which set limits on this process. Sinclair found no evidence for y radia- 
8 tion from Be as formed in this reaction and set upper limits on the cross 

section for ray production at 2 mb., 1 mb., and 0.5 mb. respectively for 

y rays of 5, 6, and 7 Mev, This represents less than 1$ of the total nura- 

ber of transitions. Buribury sets an upper limit of 0.8$ on the fraction 

of transitions producing h.9 Mev ^ rays in this reaction. 

Phase shift analysis ofoC-oCscattering data indicates a level in Be S 

at 7.5 Mev, with a half width of 1.2 Mev, spin 0, and even parity. Ano¬ 

ther state is located at 10.8 Mev with a half width of 1.2 Mev and a spin 

of u. There are other known states in Be above 16 Mev but they could not 
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ba involved in the (3 decay because the mass difference between Li and Be 

is only 16 Mev. 
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PURPOSE OF EXPERIMENT 

The present experiment was undertaken in order to remeasure the 

particle distribution from the Lis- Be^reaction with improved counter 

techniques* Previous experiments produced data which differed somewhat, 

especially for o(particle energies greater than about 2 Mev. It was 

hoped to obtain a more complete spectrum of the oC particles, from a Be* 

energy of less than 3 Mev to lU or 15> Mev. 

DESCRIPTION OF EXPERIMENT 

S 7 
Id. may be produced by the deuteron bombardment of Id. The reaction 

Li (d,p)ld. has a cross section greater than .1 barn for deuteron energies 

greater than .8 Mev. The .89 second half life of IdVade it possible to 

do a delayed counting experiment by alternately and periodically inter- 

rupting the particle detection apparatus and the deuteron beam from the 

Rice Institute Van de Graaf accelerator. The technique of counting only 

with the beam off the target eliminated background effects due to scat¬ 

tered deuterons, prompt oc particles and other radiation produced while the 

target is bombarded. 

An electrostatic deflection system was used to interrupt the Van de 

Qraaf deuteron beam, and it was controlled by a periodic switch which also 

gated the counting apparatus. 

DESCRIPTION OF APPARATUS 



In order to detect ex particles in the presence of high energy 

particles, a thin Cesium Iodide crystal was employed as a scintillator. 

A crystal l/U" square and 1 millimeter thick was glued to the end of a 

lucite rod and turned down to a thickness of .005” in a lathe. It was 

then removed from the rod and mounted in a lucite light pipe as shown in 

fig. 2- 

Hie light pipe is mounted in a hole in the center of the top of the 

target chamber, with an “O'*-ring sealing the vacuum, ihe target holder 

is a brass ring on the end of a brass rod, which projects through a Gou- 

look seal in the side of the target chamber. By manipulating the rod 

outside the chamber, the target may be rotated and moved from the center 

to the side of the chamber. Another brass rod projects through the bottom 

of the chamber opposite the beam entrance tube. A brass ring mounted hori¬ 

zontally on the end of this rod carries an aluminum absorber which may be 

swung out of the way at the side of the chamber or positioned between the 

target and the Cesium Iodide crystal. 

An evaporation oven is built into the bottom of the target chamber 

to allow evaporation of targets after the chamber has been connected to 

the Van de Graaf vacuum system. A small steel cup, supported on a brass 

post as shown in fig. 2, serves as a crucible, A nichrome wire filament 

wrapped around the cup provides the necessary heat. One end of the fila¬ 

ment is grounded to the chamber wall, the other Is brought out through a 

Kovar seal. A variac is used to control the power dissipated by the fila¬ 

ment. A window in one side of the chamber allows observation of the in¬ 

terior when the phototube is turned off. 

Hie deflection chamber, shown in fig. 1, consists of a brass tube 7" 

in diameter and 12" long, with flanges at each end to match those of ad- 
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joining apparatus, TWo parallel deflection plates are mounted inside on 

stand-off insulators, which in turn are mounted on brackets extending from 

one end of the chamber. The separation of the deflection plates can be 

varied between 0 and 2 1/2” • Electrical connections to the plates are 

made through Kovar seals in one end of the chamber. 

A brass tube 7* long separates the target and deflection chambers. 

The target chamber is insulated from this tube by means of lucite fittings, 

so that the whole chamber serves as a Faraday cup for measuring the deu- 

teron current, At the center of this tube is a tantalum diaphragm with 

a l/U" hole in the center. The beam is stopped by this diaphragm when it 

is not deflected onto the target, At the end of the tube opposite the 

target chamber is another diaphragm with a 1/8” hole to further define the 

beam* A Dumont 6292 photomultiplier tube is mounted with its photocathode 

downwards on the lightpipe which is mounted in the top of the target cham¬ 

ber, Dow Corning ”200 Fluid" is used to make an optical joint at the in¬ 

terface • 

The cathode follower preamplifier is supported by four brass rods 

connected to the target chamber* The whole assembly, preamplifier, photo¬ 

tube, and target chamber cover, is easily removeable as a unit to allow 

access to the interior of the chamber. 

The output of the preamplifier was connected to an Atomic A-l linear 

amplifier, model 20U-B, and the output of this amplifier went to an Atomic 

pulse height analyzer and scaler. 

The electrostatic deflection voltage is controlled by a 6BG6 vacuum 

tube, as shown in fig, U. The high voltage power supply, variable from 
- * 

0 to 6000 volts, is connected through an 11 megohm resistor to the plate 

of the 6BG6, which is in turn connected to the deflection plate. The 
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opposite deflection plate is grounded. When the 6BG6 tube is cut Off the 

full power supply voltage appears on the deflection plate. When it is in 

a conducting state, the beam plate resistance of the tube is very low and- 

the potential of the deflection plate drops to less than about $0 volts. 

By connecting together the screen and control grids of the switch tube, 

sufficient control is obtained to cut off the tube wit*; -35 volts on the 

grid with a potential of 6000 volts on the plate. Provision is made to 

control the switch tube with a self-containe d variable-frequency oscilla¬ 

tor, with a manual switch, or with an external switch, The oscillator 

frequency is variable from 3 ops. to 1000 ops. The oscillator drives a 

square-wave forming circuit which controls the gild of the switch tube. 

The osoillator also drives a circuit which produces a variable width 

gate pulse which may be used to control a gated counting circuit as well 

as a phototube control switch. 

Another 6BG6 tube is connected to control the high voltage applied 

to the phototube of the scintillation counter. It may be controlled by 

the oscillator gate pulse, by a manual switch, or by an external switch. 

The plate of this tube is connected to the second dynode of the photomul¬ 

tiplier tube, where the normal operating potential is about 300 volts. 

The cathode of the 6BG6 is connected to a point 1$ volts below ground 

potential, so that when the 6BG6 is cut off, the phototube voltage is un¬ 

disturbed, and when the 6BG6 conducts, the second dynode voltage drops to 

essentially zero, cutting off the cathode current of the phototube. 

It was found necessary to cut off the Dumont phototube during the bom¬ 

bardment period in order to stabilize its gain. When the deuteron beam 

is on the target, a large amount of radiation of various kinds falls on 

the crystal scintillator, which produces a correspondingly great amount 



of light. It was found that this heavy excitation of the photomultiplier 

tube caused its gain to slowly increase to an equilibrium value, depending 

upon the excitation at the photocathode. The relaxation time for this 

process appeared to be greater than one hour. The gain of the phototube 

appeared to be quite stable when it was switched off during the bombard¬ 

ment periods• 

In the experiment described here, a slow speed, motor driven switch 

was used to time the switching operations. A 6 rpm. motor driving three- 

lobed cams operated two microswitches. One controlled the grids of the 

two 6BG6 tubes, alternately connecting them to ground potential and -U0 

volts. The other microswitch was connected to ground the output of the 

linear amplifier during the bombardment periods. The lobes of the cam 

driving this microswitch were assymetrical, allowing a few tenths of a 

second delay in "turning on" the counting system. This allowed the photo¬ 

tube voltage to reach its maximum, and prevented the counting of the pulse 

produced by switching the phototube. ibis arrangement produced a bombard¬ 

ment period of about 1.6 seconds and a counting period of about 1.2 seconds. 

EXPERIMENTAL PROCEDURE 

It was found necessary to utilize the deflected position of the beam 

as the bombardment position because of the neutral component of the Van 

de Graaf deuteron beam which could not be deflected. Therefore the target 

chamber was positioned off the center line of the Van de Graaf extension 

tube, as shown in fig. 1. 

Before each experimental run, a small piece of Li metal was quickly 
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cleaned, placed in the crucible and sealed in the target chamber. The 

system was then evacuated with a large mechanical forepump, and when a 

suitable pressure had been obtained it was opened to the Van de Graaf 

vacuum system and brought to a pressure of about 10 mm. Hg* 

A variac was connected to the filament leads and the filament cur¬ 

rent was slowly increased until evaporation of the Li began. Ihe Li was 

deposited on a 5> mil strip of tantalum, 1 1/8W x 2 l/UH, mounted on the 

brass target holder ring. Ihis assembly was rotated to face the crucible 

and was observed through the pyrex window in the side of the chamber. 

Ihe filament current was cut off as soon as it was possible to discern a 

film on the tantalumblank, 

Ihe target was then rotated so that it made an angle of ° with the 

beam and with the axis of the phototube. In this position the tanta¬ 

lum covered the Thorium source used for energy calibration so that no oc 

particles from it could reach the crystal• Ihe target chamber window was 

sealed with black electrical tape before the high voltage was applied to 

the phototube. 

Ihe deuteron current to the target was measured with a current inte¬ 

grator and a sensitive microammeter. Ihe Van de Graaf analysing magnet 

was set at a current of 3.5 amperes, corresponding to a deuteron energy 

of 1.83 Mev. 

To measure the background counting rate, the target plate was rotated 

° 

180 , so that the deuteron beam struck only the Tantalum backing. By 

turning the target holder to an intermediate position the crystal was ex¬ 

posed to the Thorium calibrating source, which provided ocparticles of 

6.05 and 8.8 Mev. energy. 

The pulse distribution was recorded with ihe aluminum absorber at one 



side of the chamber, then the absorber was positioned over the target and 

the resulting spectrum was recorded. The absorber used was 1.5 mils 

thick, which is sufficient to stop the alpha particles involved in the 

experiment. The p particles from Li are very energetic, however, having 

an end point of 13 Mev, and all but the very low energy pJs go through the 

foil. The crystal itself is $ mils thick so that most of the p's penetrate 

it completely, also. 

With the absorber out, the counting rate is due to the (X and p parti¬ 

cles j with the absorber over the target only the p particles are counted. 

The difference in the two curves therefore represents the (X particle dis¬ 

tribution. 

After the (K particle data had been taken, the target thickness was 
7 

measured by bombarding with protons and utilizing the Li(p,n) threshold 

at 1.88 Mev proton energy. A neutron counter outside the target chamber 

was used to record the neutron flux as the analyzing magnet was slowly 

varied across the value corresponding to the threshold. Knowing the cali¬ 

bration of the analyzing magnet, the target thickness can be roughly de¬ 

termined from the shape of the neutron flux versus magnet current curve. 

RESULTS 

The recorded pulse distributions with the absorber in and out are 
A 

shown in fig. 6. The data are plotted in terms of Be excitation, energy. 

A semi-logarithmic plot of the o£ particle distribution is shown in fig. 7. 

The target thickness obtained from the (p,n) threshold measurement 
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was about 19 kev, corresponding to .12 rag. per cm. The cross section 

*7 $ .03 
for the Li(d,p)Li reaction calculated from this is .15 + barns 

CONCLUSIONS 

The experimental data are compared to a calculated curve in figures 

6 and 7* This curve is based on a modified Wheeler one-level distribution* 

4 
as suggested by Bonner, et. al. The expression derived by Wheeler is 

(a- ZEJS 

assuming a 3-body break-up. This expression has been multiplied by the 

barrier penetrability of one alpha particle in the field of the other. 

Tabulated coulomb wave functions were used to calculate the penetrability 

-ij 
factor, assuming J»2 for this state and a separation of 2.7 x 10 cm. for 

the alpha particles. The half width was chosen as 1.6 Mev and the effects 

of counter resolution and target thickness were applied to the curve. 

The theoretical curve as calculated above cannot be made to fit the 

experimental data for any reasonable choice of parameters. A composite 

curve of two or more such levels might be made to give a more satisfactory 

fit. 

The observed alpha distribution can be used to calculate the “level 

O 
density" of the broad 3 Mev level in Be. It is then possible to compute 

•the shape of the beta distribution to be expected from such a level. This 

calculation was made under the assumption that the beta transition is an 

allowed one. 

The data of the present experiment were used for E^greater than 1.5 

-11. 



Mstr and the data of Bennett, Bonner, Mandeville, and Watt wore used for 

less than 1*5 lev, since their data are more accurate in that region# 

The beta distribution is given by the Fermi theory! 
#j. rQ'~w 

(I) N(w)JW = F (w-i)zWdw X A (E) [Q'-E-wfJB 
Jo 

where W « total electron energy, in units of me, and Q* a the total energy 

available for the beta decay, and A(E) is the "level density" of the pro¬ 

duct nucleus. A(E) can be interpreted as the density of states available 

in Be8 for the transition. A(E) can be determined from the following ex¬ 

pression! 
pQ-E 

(Z) A(E)dE / [Q'-E-W]
Z

X[W
2
-Q7WJIV = A^fJot 

(Note that there is a misprint in the lower limit of integral (2) as vrrit- 

ten by Hornyak and Lauritsen.) 

The Integral in (2) can be evaluated analytically, and the integral 

in (l) was calculated graphically. 

In fig. 8 the results are compared with the experimental (3 data of 

Hornyak and Lauritsen and the curve calculated by them from the data of 

Bennett, Bonner, and Mandeville, and Watt joined to the data obtained by 

Smith a nd Chang at high alpha particle energies# 

The Kurie curve calculated from the data of the prelent experiment 

is a good fit to the experimental points of Hornyak and Lauritsen, even 

for low beta energies. It should be noted that because of the Ipnsiderable 

width of the Be level (or levels), the Kurie plot is not expected to be a 

straight line or to be decomposable into straight line sections. Hornyak 



and Lauritsen based their contention that a few percent of the Id?nuclei 

decay to ^ emitting levels in Be*mainly on the fact that the dashed curve 

in fig# 8 falls below the experimental ^ distribution at the low energy 

end, Since this discrepancy is apparently removed by the present results 

it appears probable that almost all Li*nuclei decay to one (or more) 

bread oc emitting levels of Be* in agreement with the negative results of 

the search for high energy /rays. 

From the fact that the observed alpha distribution has more high 

energy particles than are predicted by the Wheeler formula, even after in¬ 

clusion of the barrier penetrability factor, it appears likely that higher 
ff s 

energy ocemitting states of Be must be populated by the decay of Li. Such 

states would have to be sufficiently broad that their contributions to the 

OC spectrum are not resolved from the high energy tail of the 3 Mev state, 

There is still the possibility that some other theoretical distribu¬ 

tion would better explain the observed shape# 
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APPENDIX I 

Calculation of Li(d,p)Li8 Cross Section 

Area of crystal » .60 cvnz 

Crystal - to - target distance «* 3.5 cm. 

Crystal solid angle aJIa .048 sie radians 

Integrated counting rate for 10yuiioul* beam charge * C « 2.) x 10s 

Li stopping power for 1*8 Mev protons « 150 X&v_^2L 

Target thickness *» H kev = -jj# - .13 

Let t* Oat the beginning of tho bombardment period* and t « X at the 

end of bombardment. Let t^ and tg be the beginning and end of the count- 

ing period. Let tl = the number of Li atoms present in the target* The 

rate of formation of M is « O' £> X , where 

(To reaction cross section, 

£>« density of Li 

X® deuteron beam current 

At the end of one bombardment period, the total !? formed *> cr^> X X 

The rate of decay of Li « A H, so that at any time t between o and X , 

dK = o-er - AN N = sf. (i-e-
x+) j,ere 

at t O X * 

N = ^(i-e-*) 
for t >X 

The number of disintegrations taking place during the counting period is 

AW - 

.78 sec"* 



AN 
Q-gl 

X /-e 
-H 

Since the bombarding and counting tiaras are only about 2 half- 

lives, those is another term to be added to account for the disintegra¬ 

tions due to the bombardment one cycle earlier# 

This term 1st 

Combining the expressions gives 

AN = (l-e''11'2 

g 
The ratio of the number of Li atoms produced per period to the 

number disintegrating in one counting period is then 

•^> _ I ^ 

~)T (l- e'H)(ext+ e'Xt) [e~Xt-eh' 
' _ 

and, since X= 1*6 sec 

(ifl) = 0.2 see 

(Vt)=1*2 seo 

R “ -• 
x_J-6 

,7} X 3
‘^7X J6 



R » 2.9 

The integrated counting rate, C, must be divided by 2 since 2 oC 

particles are produced in each disintegration* Combining these results, 

the cross section is* 

C. /couhTs\ . y _.o / MCOUJ. \ 

g- _ X Z [ yUc-oulJ X 1-6X1° \ deufev-on) 

SL /dtohis \ 
qjt x € v cmV 

.14 X JO Z^^-oyn J = ./4 barns - .03 bajrh5 

This value agrees with that obtained by Bashkin, who reported cr« 
i.o4 

.1,6 bams at a bombarding energy of 1,8 Mev* 



Figure 1. 

Schematic diagram of target and deflection chambers. 





Figure 2 

Target chamber detail 

A» Preamplifier 

B. Phototube (Dumont 6292) 

C. Cesium Iodide Crystal 

D. Lucite Light-Pipe 

E. Magnesium Oxide Reflector 

F« Aluminum Absorber 

G. Target Assembly 

H. Lithium Evaporation System 

I. Tantalum Diaphragm 





Figure 3* 

Block diagram of electronic circuits 





Figure iu 

Diagram of Switching Circuits 

A. To Oscillator Square Wave 

B. Manual Control 

C. External Periodic Switch 

D. Connection to Deflection Plate 

E. Connection to Photomultiplier Ejynode 

F. To 6000 Volt Power Supply 
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Figure 5. 

Diagram of Oscillator and wave-shaping circuits. 

A. Gate Pulse Output 

B. Square Wave Output 

C. Oscillator Frequency Gontrol 

D. Gate Pulse Width Gontrol 





Figure 6 

Open Circles* Alpha Particle Distribution 

Solid Circles: Pulse Distribution below 3 Mev 

with Absorber Out 

Crosses * Pulse Distribution with Absorber In 

Dashed Line: Theoretical Distribution 
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Figure 7* 

Serai-logarithmic plot of data 

Open Circlesi Experimental Alpha Particle 

Distribution 

Dashed Line: Theoretical Distribution 





Figure 8 

Comparison of experimental beta spectrum to spectrum shapes 

calculated from the alpha particle distribution. 
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