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i* HJTROBUCTIOW 

It is of considerable interest to the experimental nuclear 

spectroscopist to know accurately the description of energy levels in 

nuclei* Also of considerable interest is the nature of the radiations 

or particles emitted when an excited nucleus decays from an excited 

state to its ©round state. This interest in the level structure of nuclei 

arises from the fact that level structure and modes of radioactive 

decay both serve as experimental verification for the theories describing 

nuclear matter* 

At the present time the experimental determination of the 

levels and decoy schemes of all nuclei is far from couplet e. With the 

hope of adding to the existing knowledge of the levels and decay schemes 

of nuclei* a study of the low energy gamma-radiation emitted frost the 

low-lying states of Si30, P3° and Th^32 maae. The results of this 

investigation are reported and discussed in this thesis* 

SI
30

 and P30 in an excited state can be obtained by the reactions 

Al27 -f-cK* Si30 / 2,382-Mev 

Al2^ oc p30 n — 2.969-Mev 

The Al^fcjpJSi^0 Q-value is due to Van Patter,-*- and the Q-value for 

the ,n)p3® reaction was measured by Burton and Williams.2 The 

5-Mev alpha-particles used in the experiment resulted in the excitation 

of only the low-lying levels in Si30 and P3°. However, cascade gamma- 

radiation between these levels and the possible presence of unreported 

levels were investigated* 



Th232 was bombarded with 3*5- to 6.0-Mev protons and the 

excitation of a .725-&ev gamma-ray from the reaction was studied* The 

origin of the *725-Mev gamma-ray is discussed. 

In the following, a general discussion of the experimental 

apparatus and procedures used to investigate the Al^ 4 and the 

Th232 4 p reactions is given# Following this discussion, each reaction 

is considered separately* 

II* EXPERIWEftL TBCHHIQUES 

A. Apparatus* The Bice Institute’s 6-Mev Van de Graaff eledrostatic 

accelerator was used to furnish the high energy alpha-particles and protons 

used In the experiments. The energy of the charged particles was deter¬ 

mined by measuring the currant of the analysing magnet of the Van de 

Graaff* She magnet -current -energy calibration had been previously 

determined by measuring a number of well known neutron thresholds. 

The charged particle beam emerging from the analyzing magnet 

Vas suitably collimated to pass through a 2 mm. diameter defining aperture 

of a magnetic lens beta-ray spectrometer. Subsequent to passing through 

the aperture, the beam was incident upon the target causing excitation of 

the target nuclei to excited states and the corresponding emission of 

gamma-radiation. The momenta of the Compton electrons and photoelectrons 

resulting from the absorption of these gamma-rays by the target was 

analyzed with the beta-ray spectrometer. The energies of the gemma- 

radiation were then computed from the measured values of photoslectron 

momenta. 

A cross section view of the magnetic lens faeta-ray^io shown 

■2- 



is Figure 1* A detailed description of the construction and principle 

of operation of the spectrometer as used as a pair spectrometer has 

been given previously by Beat 3*1* and Baaken.^. For the present 

experiments the spectrometer was modified by substituting a single crystal 

scintillation detector in the place of the positive and negative electron 

pair detector. 

Ordinarily* a pair spectrometer adapted to measure only single 

electrons also detects positrons of the some energy. The positrons 

create a very large background which often obscures the electron results. 

To eliminate this positron background in the present experiments* a 

positron baffle was installed in the spectrometer. The baffle attenuates 

the electron intensity by 27 percent and the positron intensity by 100 

percent. The baffle is similar to the one described by Deutsch, ELIiott, 

and Ewans?. 

The internal geometry of the spectrometer was arranged to 

give an overall energy resolution of 2.3 percent for 0.9759-Msv electrons 

from a Bi2^ calibration source and a transmission of approximately one 

percent. 

Since the spectrometer contains no iron* the magnetic field 

within it is directly proportional to the current flowing through the 

coils A* B, D and E illustrated in Figure 1. The current is measured 

by the voltage drop' across a standard resistor located in the current- 

supply line of the spectrometer field coils. This voltage is measured in 

millivolts with a potentioneter. 

Electrons focused to pass through the exit window of the spectrom 

eter were detected bya l/k inch thick by 1/2 inch diameter Canadian plastic 





scintillator counted on a 16 inch long by 1 1/2 inch diameter Incite light 

pipe. She light pipe is optically connected to tbs photo cathode of a 

6342 multiplier phototube * The phototube is incased in a magnetic shield 

to prevent the magnetic field of the spectrometer from influencing its 

signal output. The output signals from the phototube were fed through a 

preamplifier and then to a 20 channel differential pulse height analyzer 

(Atomic Instrument Company, Model 502). 

B« General Procedures. Freceeding each scheduled period of target bombard¬ 

ment on the Van de Graaff accelerator, the proper operation of the spectrom¬ 

eter was checked. This was done by taking the spectrum of the .9759-Mev 

K-conversion electrons of the Bl20? calibration source which had been mounted 

in the target position of the spectrometer. If the counting rate at the 

maximum of the K-photoeleetron peak and the energy resolution of the 

K-photoelectron peak:: were identical to previously obtained values, then 

the spectrometer was considered to he operating properly. 

When the scheduled period arrived, the spectrometer was attached 

to the vacuum system of the Van de Graaff and aligned so that the charged 

particle beam could enter the collimating aperture of the spectrometer. 

The detector and associated electronics were again checked for proper 

operation and adjustment by carefully taking the .9759-Mev electron 

spectrum of Si2®?. The Bi20^ source was removed and a target was mounted 

and placed in tie spectrometer. 

Ill, Al2? -A 
2 

A. Targets. The two targets used in this experiment were a O.78 mg/cm 

thick aluminum on 16.5 mg/cm2 thick gold end a 1.45 mg/cm2 thick aluminum 

on 24*7 mg/cm2 thick gold. Both targets were made by vacuum deposition of 



pure aluminum on the gold* 

She Q.78 mg/cm2 aluminum-on-gold target lasted only a short 

time under alpha-particle bombardment for two reasons i The aluminum was 

poorly bonded to the gold backing, and it separated from the gold after a 

two hour long alpha-particle bombardment of approximately one microampere 

beam current* She results of this separation were an increase of several 

percent in the spectrometer energy resolution and the distortion of the 

photoelectron peaks of the spectrum* She second reason for the target 

bura-outwas that the 16.5 mg/cm2 thick backing was not thick enough to 

conduct away the heat developed in the gold fro© the absorption of 5-*&v 

alpha-particles and hence soon melted in the region of the beam spot* 

She 1.45 mg/cm2 aluminum -on -gold target was designed to 

increase the heat conduction and tie gamma-ray yield. She yield did not 

increase appreciably as compared to the O.78 mg/e®2 aluminum-on-gold target 

yield, but tie heat conduction of the 1*45 mg/e®2 aluminum-on- gold target 

was good enough to permit over 20 hours of alpha-particle bombardment with 

a beam current of 0*3 to 0*5 microamperes without melting the gold backing. 

It was found that a permanent bond of a 1.45 mg/ca2 titsk layer 

of aluminum to gold cnn be achieved only when the surface of the gold is 

free fro© all organic films and deposits. She method of cleaning and 

preparing the surface of the gold that yielded a successful target was by 

submerging it in the following chemical solutions in the order that they 

are listed below 

1* Boiling chronic and sulphuric acid mixture 

2. Distilled water 

3* hot,concentrated nitric acid 

**^5**» 



k* Distilled water 

5» Dilute aqua regia heated to a temperature that made it 
react slowly with the surface of the foil 

6. Distilled water 

When the vacuum1 deposition apparatus was ready for use, the foil was 

removed from the last distilled water hath, placed in the vacuum system, 

and dried by evacuating the system. 

B. Sxperiment&I Results* The spectrum of electrons resulting from the 

externally converted gamma-rays emitted from aluminum under 5*tiev alpha- 

particle bombardment is illustrated in Figure 2* She range of gamma-ray 

energy represented by this spectrum is from .621-Mev to 3.074&V. The 

spectrum represents the average, normalised results of several partial 

Spectra taken at different times using the .?8 mg/cm2 aluminum-on-gold 

target ana the 1A5 mg/cm2 alusinum-on-gold target. 

Generally, the procedure for taking the spectrum was as follows* 

A constant bombarding energy of 5*04tev (corresponding to an analysing 

magnet current of 6.^5 amperes)vas maintained; and the magnetic field 

strength of the spectrometer, proportional to potentiometer setting, was 

increased by small increments ? At each potentiometer setting the electron 

yield was tsfls^a for a given number of microeoulambs of alpha-particle 

beam* The relative electron yield was obtained by subtracting out the 

aero-magnetic field background and dlvidinguthe difference by the number of 

mieroeoulombs of beam collected. The relative yield was then plotted 

against the potentiometer setting in millivolts (mv). 

Since the effect of one gemma-ray is often* superimposed upon 

the effect of another gamma-ray of the spectrum, the heat procedure for 



discussing the spectrum will be from right to left (from the potentiometer 

setting of 186 mv to the setting of 50 mv). The electron yield above 182 mv. 

is essentially flat and is due to background effects or higher energy gamma - 

rays iif low intensity. The broad peaks at 17U mv and 164 mv are believed to 

be due to Compton and photoelectrons from gamma-rays having energies between 

2.6* and 2.9-Mev* At 150 mv the electron yield rises as a resultof the 

unresolved L-photoelectron peak of the 2.236-Mev gamma-ray and from Compton 

electrons from the 2.6- to 2.9-Mev gamma-rays. 

The K-photoelectron peak of the 2.236-Mev gamma-ray is at 142 

mv* At 137 mv the electron yield does not fall to the background because 

of the presence of electrons from the Compton effect of the 2.6- to 2.9*Mev 

gamma-rays and electrons from the Compton and the photoelectric effect of 

the 2 *236-Mev gamma-ray. 

The electron yield rises from 137 mv to the Compton edge of the 

2^236-Mev gamma-ray at 133 mv* The yield continues to rise to a peak value 

at 129 mv and from this value the yield drops monotonically until a potenti¬ 

ometer setting of 108 mv is reached. This drop-off results from the Compton 

electron distribution of the 2.236-Mev gamma-ray* The interpretation of the 

shape of the spectrum from 108 mv to 40 mv is essentially the same as the 

foregoing discussion. Each peak is clearly marked. The distorted shape 

of the peak at 55 mv is thought to be due to the superposition of a .6^3- 

Mev gamma-ray K-photbelectron peak upon a .715-Mev gamma-ray K-photoelectron 

peak, since excited states of these energies are known. 

The method for determining the gamma-ray energy of the K- and L- 

photoelectron peaks is as follows? Consider the potentiometer setting in 

millivolts corresponding to the value of the maximum electron yield of a 



K-photoelectron peak* This potentiometer setting is multiplied by a factor 

computed from the Bi20^ calibration to convert the potentiometer setting to 

a B p value# Reference to a table® of B p values versus electron energy 
in Kev allows one to find the energy of the photoelectrons. To this photo- 

electron energy is added the binding energy of the IC-electron (8Q*7 Kev)^ 

end the energy loss of the electron in the radiator to obtain the value of the 

energy of the gamma-ray of the K-photoelectron peak. The electron energy 

loss in the radiator is calculated by considering that, on the average, 

photoelectrons formed in the radiator pass through 1 of the 
2 cos 39° 

thickness of the radiator. The mean acceptance angle of the spectrometer 

is 39°« Using the values of - dE for electrons given by Helms,10 

dx 
the energy loss inthe 16*5 mg/cm2 thick gold target is 11-Kev; and in the 

^**7 mg/co2 thick gold target the energy loss is 17-Kev. 

The computed value of the electros energy loss in the gold radiator 

was checked experimentally by taking the K-photoelectron spectrum of the 

1.3687 ± 0.00005453V gamma-ray coming from the reaction Al^CppfjKg2^, 

The energy of the gamma-ray was measured by Bedgram and Lind with a magnetic 

lens spectrometer.11 The gamma-ray is trot subject to a Doppler shift.12 

The value of the 1.3687-Mev gamma-ray found from the spectrum using the 17-Kev 

for the electron energy loss in the radiator was within one Kev of the known 

value. 

An error in each measured value of gamma-ray energy in the 

experiment was estimated from a consideration of the three main sources of 

error. The first source of error was in the calibration factor; this was 

found to amount of a ± 5-Kev error in the gamma-ray energy. The error intro¬ 

duced in picking the maximum value of a K-photoelectron peak and the error 



in the uncertainty of the target thickness correction were the two other 

sources of error. Each of these amounted to an error of t7-Kev in the gamma - 

ray energy. 

An exceptionally high error was acsignedto the .693-Mev gaisaa- 

ray. The poor energy resolution of the K-pbotoeleetron peak at 55 mv lead 

to a±22-Kev error in the energy of this gamma-ray. 

The maximum relative deviation for all points of the spectrum 

of Figure 2 is tk percent. 

The results of the Al2^ ■/•«< experiment are tabulated in Table 1. 

The gsssB-ray energies with their respective estimated errors have already 

been discussed. The estimated height of a gamma-ray K-photoelectron peak 

was found by subtracting the Compton electron yield of higher energy gamma- 

rays from the electron yield at the maximum of the K-photoelectron peals. 

The estimated error in the net height is i 10 percent* The photoelectron 

yields were not corrected for the change in the angular distribution of 

photoelectrons with energy; the error introduced in the yield by not 

applying this correction is believed to be very ©nail. 

The relative photoelectric crass section per atom for gold was 

obtained from graphical interpolation of the cross section data given by 

Davisson and Evans.3^ The height of the K-photoelectron peak for a gamma- 

ray was divided by the photoelectric corss section to obtain the relative 

gamma-ray yield. 

In the past many investigators have reported energy levels of 

Sl30#
llf However* after a thorough search of the literature* it was con¬ 

cluded that the most reliable and accurate (^20-Kev) determination of the 

first three levels of Si^ lias been made by Van Fatter and Bueehner.2 
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Evidence for levels of Sl^ at 2.239-, 3*515-, mid 3.786-Mev was obtained 

from a survey of the proton groups fraa the Si^Cd^pJSi^0 reaction for a 

y 2 
region of excitation up to 6»0-Mev# Three additional proton groups cere 

observed, which, if assigned to the Si^a^S^O reaction would correspond 

to levels at 5*075-?5*k79-, end 5«622-Mev.2 However, the assignment of 

these groups could rot be regarded as certain from this Investigation* The 

first four energy levels of Si^° found by Van Potter and Buechner are illus¬ 

trated in Figure 3* 

Previous investigations of gamma-ray cascades between levels of 

Si30 are sunmiarined in the report of the Al2^(°\,p,Y)Si^° e^>erii3ent 
1C 

performed by Allenj et al. ■ The proton gemma-ray coincidence method for 

detecting cascades was used* Alpha-particles accelerated to an energy of 

7.8-Mev by a cyclotron were used to bombard a thick target of aluminum* 

The energy of the gamma-rays in coincidence with selected proton groups 

was measured by a single Hal(Tl) crystal spectrometer* Even though the energy 

of the levels of Si^° were not well known, several cascades were indicated 

by the data* These cascades are given by the energy level diagram in Figure 

3. 

Table 1 gives the reaction assignment to each of the gamma-rays 

found in.the present experiment. The energy level assignment of the gamma- 

rays frosii the Al^C^pJSi^® is shown by the q.evel' digram in Figure 3* 

The first three, levels of the scheme agree within experimental error with 

the levels found by Van Patter.2 One notes in Figure 3 that Allen, et al,1^ 

reported a 1*23-Mev gamma-ray transition between the 4*94fev and 3«7-Mdv 

30 
levels of Si ■ ■ ■# Since 5*0-Mev alpha-particles will excite levels above the 

3*736-Mev level in Si^0 the 1.266«Mev gamma-ray observed in the present 

-10- 
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experiment could either be the 1.23-Mev cascade that Allen observed or a 

cascade between the 3*515- and 2.239-Mev levels of Si3°. An auxiliary 

experiment was performed in which the cascade assignment of the 1*266-Mev 

was determined by measuring the intensity of this gamma-ray and the intensity 

of the 2.236-Mev gamma-ray at alpha-particle energies of 5,0-Mev ana 4.5- 

Mev. The ratio of the intensity at 5.0-Mev bombarding energy to the inten¬ 

sity at 4.5-Mev bombarding energy for the 2.236 gamma-ray was 2.8 to 1, 

and for the 1.267-Mev gamma-ray the ratio was 3*1 to 1. A much larger 

change with bombarding energy would be expected if a level at 4.9-Mev were 

involved. Consequently, the assignment of the 1,266-Mev gamma-ray to a 

second to first level transition in Si seems to be a reasonable one. 

With 5.0-Mev alpha-particles only the first and second levels 

of p3° can be excited. The most accurate measurement to date of the energy 
*» O 

of these two levels has been made by Paris, Van der Leun and Endt, 

They studied proton and alpha-particle groups resulting from the deuteron 

bombardment of thin SbgS^ targets at angles of observation of 90 aad 130° 

and at a deuteron energy of 6.55-Mev. The deuterons were accelerated by 

an electrostatic generator, and the secondary charged particles were analysed 

with a broad-range magnetic spectrograph and detected in nuclear emulsions. 

Levels in p3® were observed at .680 - 0.010-Mev, .708 t 0,008-Mev, 1.451 

tO.OlO-Mev and at higher energies. 

Gamma-rays from the first and second levels tothe ground state of 

p30 have been observed by Broude, et al,^ and Endt, et al.^ The energy 

levels observed by Paris, et al, and the gamma-ray transitions observed by 

Broude, et al, ore shown in Figure 4. Also shown in Figure 4 are the gamma- 

rays observed in the present experiment that are assigned to the Al^(«,n)p3® 

-11- 
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reaction* She first two levels in P^O that were observed in the present 
18 experiment are within experimental error of those observed by Paris, et al. 

The maximum possible Doppler shift corrections for the gamma-rays 

tabulated in Table 1 were computed by the method given by Bent.3 The 

correction- was not applied to the gamma-rays observed in the present 

experiment because nothing definite is known about the spin and parity of 

the first three levels of and the second level of p3°, and the 23-Kev 

error in the .693-Mev gamma-ray is much larger than the 4-Kev Soppier shift 

correction* 

: . IV* Th P : ■ ’ ■■■■ . ■■ ■: 

m; order to Keep the following discussion of the .604!ev 

to l.O-Mev gamma-rays from the Th 4~ P reaction as simple as possible* 

the present experiments and experimental results will be presetted in 

an orderly fashion* and the results of other investigators win be presented 

where applicable*-' ■ 1 . 

A thin target of commercial grade thorium was mounted in the 

beta-ray spectrograph* described earlier* and bombarded with 5.26-Mev 

protons* The thorium target was 5203 mg/cm2 thick* li$0-i£sv thick to 5*2- 

Mev protons* A spectrum of the Compton and photoelectrons corresponding 

to gamma-rays from #6Q4$ev to 1.141ev was taken* The only two photoelectron 

peaks that "were observed in this range of gamma-ray energies are the. ones 
abailf 

shown In Figure 5* Since the energy separation of the two peaks isAeg\ial to 

the difference of the K- and L-photoelectron binding energies in’.thorium* 

an, assumption that the peaks are due to photoelectrons from thorium is &\ 

reasonable bine* The gamma-ray energy of this K-photoelectron peals at 54 

mv in Figure 5 is *725 £ #01Q-Mev, assuming that the electrons are from thorium* 

-12- 
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Several other investigators have observed a gamraa-ray of about this energy 

Stelson observed a *735- and a .785-Mev gamma-ray-from the Th -f p 

reaction with a 3x3*' Hal(Tl) gamma-ray spectrometer.21 The intensitycf these 

two gamma-rays was reported to he about the some.21 The K-photoeleetron peak 

of a .785-Me v gamma-ray should appear at a potentiometer setting of 58 mv 

in Figure 5. However, since there is no peak at 58 mv one must conclude that 

this .785-Mev gemma-ray reported by Stelson21 has a much smaller internal 

conversion coefficient and/or photoelectric cross section than the *735- 
21 

Mev gamma-ray observed by then. 

Moore reports a .725-Mev gemma-ray due to a level transition in 

2^2 22 Th J excited by coulomb excitation . He observed the gamma-ray by taking 

the internal conversion electron spectrum from a 22.1 mg/ea2 thick target 

of commercial grade thorium bombarded with 5*0-Mev protons. He found the 

K/L ratio for this «725-Mev gamma-ray to be 3*5 by taking the ratio of the 

height of the maximum of the K-photoeleetron peak to the height of the 

maximum of the L-photoelectron peak*22 The K/L ratio found by the same 

method in the present experiment is 3*44, 

In the present experiment the cross section fos? the ,725-Mev 

gamma-ray, assuming that the gamma-ray is from thorium, and that it is 

one percent internally converted, was found from the spectrometer data 
:?r ' Ji 

to be 1159 x 10 microbams for a proton energy of 5.26-Mev. For 35 

percent internal conversion the cross section is 33 x 10 microbams 

at 5.26-Mev, 

An excitationjeurve of the .725-Mev gamma-ray was taken by 

settin gtha potentiometer of the spectrometer at the maximum of the 

K-photoalectron peak at 54.6 mv and increasing the proton bombarding 

21,22,24 

-13 



energy by increments. The ratio of the electron yield from the thin 

target (l40-ICev thick) to that of tbs thick target (5-Mev) of conmercial 

grade thorium was determined by integration of this .experimental excitation 

curve. At a proton energy of 4.71-Mev the ratio.is .25; the thin target 
-10 

yield is 1.93'X 10 electrons per proton; and the thick target yield 

is ?»73 x 1CT10 electrons per proton. 

The cross section for the emission of the .725-Mev gamma-ray 

was determined with a 1.1" Hal(Tl) gamma-ray spectrometer. The efficiency 

of the 1x1" Hal(Tl) detector for photoelectric absorption of a .725-Mev 
n-a 232 

gcnsaa-ray isdxwt 0.1. 3 A thick target of pure Th * obtained from 

Oak Bidge Motional Laboratories, was bombarded with 4.71-Mev protons. 

The spectrum is shown in Figure 6. The .725-Mev gamma-ray and a .76-Mev 

to *79^ev gemma-ray are not clearly resolved in the spectrum. However, 

by taking the area of the shaded zone of the peak, extending from channel 

number 30 to channel number 44, we can at least obtain an approximate gamma 

ray yield for the .725-Mev gamma-ray. This gamma-ray yield is 2.16 x 10^ 

gamma-rays per raicrocouloab at a proton energy of 4.71-Mev which is in 

good agreement with 3*32 x 10^ gamma-rays per raicrocouloab at 5-Mev proton 

energy reported by Stelson and McGowon^for a .760-Mev gamma-ray from the 

Th 4- P reaction. Assuming that the .725-Mev gamma-ray is entirely due to 

thorium, a cross section for the .725-Mev gamma-ray was found to be 33 

raicrobarns for proton energies from 4,17-Mev to 3*2-Mev or about 60 micro- 

barns at a piston energy of 4-*7~Mev. 

In another experiment, the, yields of the .725-Mev gamma-ray from 

the pure Th2^2 target and from a thick target of commercial grade thorium 

were compared at a proton bombarding energy of 5.0-Mev and were found to be 
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approximately equal. The gamma-ray spectrum from the commercial grade 

thorium target was similar to the spectrum from the -pure thorium target 

in the neighborhood of the .725-Mev to .785-Me v gamma-rays. 

Some information about the possible origin of the .725-Mev gamma-ray 

can be obtained by calculating the internal conversion coefficient for the 

gamma-ray. We assume that boih the #725~Mev gamma-ray and internal conversion 

electrons from the gamma-ray transition are isotropically distributed. 

Dividing the thick target yield of 7*73 x 10"10 electrons per proton by 

the thick target gamma-ray yield of 3*48 x 10 gamma-rays per proton, 

we obtain a minimum value of the internal conversion coefficient of 22 

percent for the »725-Mev gamma-ray* With a 20 percent internal conversion 

coefficient, the *725-Mev gamma-ray would have to have a magnetic multi- 
, *25 

polarity of M2 or higher if it were due to a transition in thorium (Z = 90). 

Up to this point we have assumed that the two peaks shown in 

Figure 5 are due to photoelectrons from thorium. Let us consider now 

other possible sources of these photoelectrons; 

26 
A. LOW Z IMPURITIES. The theoretical cross section CTc for the 

formation of a compound nucleus by proton bombardment of nuclei of Z = 40 

as a function of energy is shown as Curve II of Figure 7* The range of 

proton energies is from 3»54tav to 6-Mev. The shape of Curve II seems to 

fit that of the experimental excitation curve, Curve I, fairly well. 

This fit suggests that the electron peaks of Figure 5 are due to gamma-rays 

from the decay of a compound nucleus. Curve I is the excitation curve 

described on page 13. 

Thus, the two peaks of Figure 5 would be due to gamma-rays, one 

.629-Mev and the other .721-Mev which would mean that both peaks should 

-15- 
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each bp accompanied by an L-electron peak; but these L-electron peaks are mt 

shown by Figure 5* Considering the absence of L-peaks from Figure 5 and 

that the presence of a .629-Mev and a .721-ifev gamma-ray is not indicated 

by the Hal(Tl)spectrum of Figure 6, we conclude that the electron peaks 

of Figure 5 are not impurities having Z = 4o or so* Another fact that 

supports this conclusion is that the .725-Mev gemma-ray yield from the 

thick target of pure thorium is about equal to theyield from the thick 

thorium target of commercial! grade thorium* 

B. IMPURITIES OF THORIUM HAVIKO Z VAHJESHEARZ* 90. For values of 

Z near Z = 90 the electron spectrum shown in Figure 5 would be from internal 

conversion of a single gamma-ray. 

The value of K/L = *3W*, a value of the K-electron Internal 

conversion coefficient of 20 percent or more for *74fev gamma-radiation, 

and a difference between K-electron and L-electron binding energies of about 

90-Kev exist for each value of Z near Z = 90* However, since the Impurity 

itself would be present presumably in very small quantities, the cross 

section for the *7-Mev gemma-ray would be much larger than 33 microbarns 

for a proton energy of 4.7-Mev to 3.2-Mev. An internal conversion co¬ 

efficient of 10 percent or less would have to be assumed in order to 
* « 

calculate the proper value of the cross section of the .725-Mev gamma- 

ray from tie electron data of the spectrometer. Thus, we arrive at an 

inconsistency which can be resolved only by assuming that the *7-Mev 

gemma-ray is not due to impurities having Z values near Z « 90* 

C* COMPOUND KUCLEUS FGRMATIOH FOR Z = 90 AI© FOR EUEMTS HAVH'JO A 

Z HEAR Z * 90* The cross section for compound nucleus formation crc 

for Z * 90 and proton energies ranging from 4.3-Mev to 5»7-Mev is shown 

-16 



as Curve III in Figure 7*^ Ike cross section <Jc at a proton energy 

4.71-Mev is three mierobarns which is much smaller than 66 mierobarns 

measured for the .725-ffev gamma-ray at 4.7-Mev proton energy withtho 

Ilal(Tl) spectrometer. The shape of Curve III does not fit the shape of 

Curve I. For these two reasons we conclude that the .725-Mev gamma-ray 

Is not from compound nucleus formation. 

It seems then that the .725-Mev gassna-ray is most probably 

due to an M2 or higher magnetic multipole transition in thorium. A 

proposed energy level scheme is presented in Figure 8 assuming coulomb 

excitation to a 0.785-Mev level and an E2 and Ml de-excitation of the level. 

The .785-Mev gamma-ray would be an E2 transitiaa having an internal 

25 
conversion coefficient of only 1/20 of the .725-Mev M3 gamma-ray 

25 
transition. ' Consequently, we could hardly expect to detect the .785-Mev 

gamma-ray in the presence of the .725-Mev gamma-ray., see Figure 5. 
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