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THRESHOLDS FOR THE PHOTO-DISINTEGRATION OF

Zrgo, p~141,A~75,1127,~~58,AND h138

ABSTRACT

The gamma-n thresholds of several elements have

been determined using the 20 Mev betatron at Los AlsMos by I
I

oomparing the observed thresholds with the thresholds of N14 I

and F19$ where the threshold for the N14(zf,n)N13 reaction was

taken as 10.54 Mev and the threshold for tie F19(ti,n)F18 r,e-

action was taken as 10.40 Mev. On this a99umption the fol-.

lowing values were obtained for the thresholds of the reactions

IIW(z@I 126 (9.45t0.2 Mev), ~rquoted; 141(Z n)Pr140

(9.8t 0.3 Mev), & 75(~,n)lia74 (10.3~0.2 Mev), Zr90(ti,n)Zr8g

(12.0~ 0.2 Mev), N!58(f,n)N57 (11.7~0.2Mev), La138(#,n)La
137

(12.9~0.4 Mev).
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Introduction

This is to report

gamma-neutron thresholds as

the determination of several

measured with the 20 Mev betatron

at Los Alamos~ The thresholds measured are those of zircon-

~w90 141
S praseodymium , arsenic75, iodinelw, nicke158, and

lanthanum138. In tho process of energy calibration it was

also neoessary to run the thresholds of nitrogen14 and

fluorinet~g,,

.

Met~oQ

In all cases it was possible to irradiate the element

under investigation qnd observe the resultant activity. The

total irradiation was in each ease measured with a Victoreen

R-thimble. The activity per Roentgen unit for a standard

sample weight and counting geometry was then determined as

a functfon of the maximum energy of the bremsstrahlung spec-

trum from the betatron. A plot of this data then yielded the

threshold.
.

The maximum energy of the bremsstrahlung from the

betatron was varied by varying the amplitude of the magnet

oscillation. Expansion of the electrons from the equilibrium

orbit always took plaoe at the peak of the magnetio flux wave,

thus reduoing the energy errors due to uncertainty in the time

of expansion. An automatic regulating circuit kept the magnet

amplitude oonstant to 0.2 peroent or better. The magnet ampli-

tude, which was the measure of the maximum brems trahhmg

,’ I
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energy, was observed by measuring the voltage picked up by

two loops around the legs of the betatron magnet with a

model 19 Hickok voltmeter.

Nit_ro~ .
~o

Observation of the reaction N14(7;n)N13 (9.93 m)
.

was used as a calibration point on the energy scale. The

gamma-n threshold of N14 as calculated fron the mass values

given on Segre~s isotope chart of May 1945 is 10.54 Mev.

That value has been used throughout this work.

The nitrogen was irradiated in the form of the

dicyandimide. A cylindrical lucite holder with a ten mil

inside wall and having a volume of approximately 33 cubic

centimeters was used as a container for the dicyandiamide

during both irradiation and counting. No appreciable activ-

ity was induced in the lucite holder. A drawing of the

holder is given in Figs. 13 and 12. Fig. 2 is a graph of

the experimental results. The ordinate is the number of

counts above background per R obtained between the first

and eleventh minute after irradiation. The statistical

probable error determined from the total number of counts

is shown for each point in the graph. The threshold value

obtained from the curve Is 121.5 t0.8 volts.

Fluorine

Observation of the reaction Flg(>,n)F 18 (112 m)

was also used as a calibration point of the energy scale.
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FIGURE 2

NITROGEN THRESHOLD CURVE

1 1 1 1 1.
I20 122 124 126 128 i30

MAGNET AMPLITUDE CVOLTS)
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‘rhegamma-n threshold of F19 as calculated from the mass

values given on Segre’s isotope chart of 1945 is 10.40 Mev.

Fluorine was irradiated in the form of LiF powder.

The samples were in holders of the type shown in Fig. 1.

Four-hour irradiations were necessary at the points below 125

volts amplitude. The resultant curve is shown in Fig. 3,

where the ordinate is the initial counting rate above back-

ground per R corrected to a four-hour irradiation, and the

abscissa is the magnet amplitude. The counting probable

error is shown for each

The threshold

0.7 volts.

point.

value obtained from Fig. 3 is 119.2t

Energy Calibration Summary

The data of the nitrogen and fluorine thresholds

are as follows:

Energy Amplitude HF’

Nitrogen 10.54 Mev 121.5 :.8 volts 36824 gauss-ems

Fluorine 10.40 119.2 :.7 36357

where He is the effective field at tie electron orbit times

the radius of the orbit at the time the bremsstrahlung are

produced. These data then yield the calibration value of

1 volt = 304~2 gauss-cm. The error given here represents

only the uncertainty in drawing the threshold curves and as-

sumes that the true excitation curve has no unobservable

breaks close to the apparent threshold that would lead to”an

incorrect interpretation of the curve.
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Iodine

Elemental iodine was irradiated and counted in

holders such as thet shown in Fig. 1. Each sample was counted

until it was clear that the acttvity observed was the 13 day

127(~,n)I *1126 due to the reaction I
126 A plot of the ob-

served data is shown in Fig. 4. The ordinate represents the

initial counting rate of the sanple divided by the total ir-.

radiation measured in Roentgen units, and th”eabscissa is

the bremsstrahlung peak energy as determined from the above

energy calibration. The errors shown on the plotted points

are the counting probable errors. The threshold value is then

taken as 9.4510.20 Mev~ where the probable error quoted re-

presents the errors in counting, in holding the energy con-

stant during a run, and in energy calibration.

Praseodymium

~pproximately two cubic centimeters of praseodymium

trlchloride were irradiated for ten minutes at various X-ray

energies, then transferred to a porcelain dish and counted

in a standard counting geometry~ The expected period of 3.5

minutes was observed. The sample used had a natural back-

ground of approximately 40 counts per minute presumably due

to some contaminant, possibly thorium. It was not always
,

possible to put the sample in the countinC dish with exactly

the same geometry, and there was apparently some settling of

the powder after it was in the dish so the initial counting
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FIGURE 4

IODINE THRESHOLD CURVE
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rate was sometimes uncertatn by some five counts per minute.

Because of this the relative errors near the threshold are

quite large.

A graph of the data obtained is given in Fig. 5.

The abscissa is the peak bremsstrahlung energy at which the

sample was irradiated, and the ordi.nafie1s (1-B)/R, where I

is the average counting rate between the first and fourth

minute after irradiation, B is the counting rate after the

3.5 minute period had decayed to a negligible value, and R

is the number of Roentgen units observed in a standard posi-

tion during the run. The errors shown are the statistical

counting probable errors. The threshold value for the reac-

tion Pr141(j’,n)Pr140 obtained from the curve is 9.8~0.3 Mev.

A measurement of the emanation from a very active

praseodymium sample in a crude magnetic spectrometer gave the

3,5 minute positron period, showing that the above measure-

ments were probably made on the correct isotope.

Arsenic

Pure arsenic metal was irradiated and counted 1: -

the lucite holders of Fig. 1. The decay of each sample was

followed for twice the half-life (16 days) in order to be

sure that the correct activity was being observed. The re-

sultant threshold curve is shown in Fig. 6, where the ordi-

nate is the initial counting rate of the sample minus the

counter background divided by the irradiation as measured in
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Roentgen units. The observed threshold

~~75
(ti,n)AS74 (16 d) is 10.3~0.2 Mev.

Zirconium

The reaction under consideration

As pointed out on Segre~s isotope chart of

twoi.sorners of Zr89, one with a 4.5 minute

other with a 78 hour period. Both periods

during the course of this work.

for the reaotion
b

is Zr90(~,n)Zr .89

May 1945 there are

period, and the

were observed

Zirconium was irradiated in the form of a 5 mil

foil lttwide and 2-5/8n long. After irradiation the foil

was wrapped around a standard glass walled Geiger tube and

counted.

The resultant threshold curves are shown in Fig. 7.

All samples were irradiated long enough to bring the 4.5 minu-

te actlvlty to saturation, and the yield was effectively

constant for all runs, so for that curve the initial counting

rate of the sample minus the background is shown as a function

of the bremsstrahlung peak energy. However, the points shown

on the 78 hour period curve represent irradiations varying in

length from 20 minutes to 4 ho-is, so the initial counting

rate times 500 dfvided by the irradiation as measured in

Roentgen units is plotted. The ordinate scale then applies

to both curves.

‘I’hegamma-n threshold obtained from the 4.5 minute

period curve is 12.lt 0.1 Mev. That obtained from the 78 hour
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FIGURE 7
ZIRCON I(JM THRESHOLD CURVE
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I

represents the decay b:~isomeric t~ansition into the 7?1il~ur

isotope, one would expect the t}lreshold observed by rteans of

the 78 l~our period to be somewhat less tl~an tlj’~tobserved b:~

moans of tfi~ 4.5 minute period. However, siticet!l~errors

quoted for the thresholds, overlap, it is probably more losi-

cal !.otake 12.0 t 0.2 Mev as SI mean value for tklermma-n

90threshold of Zr .

Nickel

The n!ckel samnles used ~or this measurement wore

in the forntof threa-inch lon 7 nickel cylirlllers o: :?0 mi.1

Wfill thi Ckne SS. The cyl[nders wera of s12ch n diameter as

to just fit over the glass -w~lled GelRer tubes used for co’.lnt-

ir-lf”. Four ho’.~r irradiations were made for all points except

the 11.5R Mov point, which gave no observable ac tivi t:{~or

an eight hour irradiation. Afte~ irradiation the s~rnples

were counted until the 36 hour ;criod expected from t,ha

Ni58(T, n)Ni
57

reactiorl was Cefitllt.ely ic!onLified, ~~sually

for four half -li~;es. All ser~-lcs exl-.lt,fted a 2.6 hour period

alsc, presumably d’~e to the n-:] re,~ction orINS62.

‘i’heLhrcghold curve obtalr.cd. is shown in ;?iP. 8,

where the Ordl Eate represents t~:e i~itial rOl:Y.t~nr rate o!’
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Lsnthanum

Lanthanw sulphate was irradiated and counted in

lucite holders as shown in Fig. 1. ‘l’helanthanum used had

a naturally radiGactive contaminate, presumably thorfum,

that raised the background of the sample to about 400 counts

per minute, which made the observation of small activations

rather uncertain.

No evidence was obtained for the 2.2 h period ten-

tatively assigned to La138 by pool et al.1 That period would

be expected should we observe the reaction La139(Zjn)La138.

Instead we observed a small activity with a period of approxi-

mately 17.5 hours which corresponds to the decay Rriod of

La137
Inghram et al.

2
● have reported the existance of a

stable lanthanum isotope of mass 138 of 0.089 percent abun-

Thus we have apparently obsimved the reaction La
138

dance.

(r,n)La137.

The threshold curve observed for the”17.5 hour period

is shown in Fig. 9. The ordinate is the initial counting rate

of the 17.5 hour period after a four hour irradiation at the

peak bremsstrahlung energy given by the abscissa. The obser-

vation of the threshold was rather uncertain because of the

small activity observed and the necessity of subtracting off

the large natural background plus the 40 hour period produced

1 Pool, cork, ‘1’hOrnton,Phys. Rev. 52, 239 (1937).

2 M. G. Ingrsn, R. J. Hayden, D. C. Hess, Jr., Phys. Rev.
72, 349 (1947).
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