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ABSTRACT

N12 is shown to have a half 1;fe of 12.5 1 millisedonds, and a positron
upper limit of iéoG ¥ 0.2 Mev. It is produced by the reaction c12(p,n)N12, and has
e threshold proton enérgy of 20,0 Mev; This indicetes that N12 isuwitﬁin about
200 Kev of being unstable against proton emission. The mass of N2 is 12,0228 %

0.,00015, and the beta trensition is allowed.

lo Introduction

A radioactive substence with a very short half life was .observed when
high energy protons from a linear accelerator were incident on carbon. This activity
has been studied in some detail; =and hes been shown to be due %o §12, It is & rather
interesting substence, in that it has the shortest }ifetims of any known beta emitter,
end its positrons are more than three times as energetic as those from any other
previously known radioactive isotope. The mass of N12 has been investigated theo-
retically by Barkasl, who concluded thaet its staebility against proton emission is
borderline. N2 is the third identified member of the new radioactive series with
A =2(2 - 1). Cl0 end 014 have been observed by Sherr, Muether and White?.

All of the radioactive measurements on N12 were mede with the carbon targe£
in its bombarded position. The normai time between beam pulses on the linear acceler-
ator is 67 milliseconds, which is 5.3 half liyeso Therefore, the activity decays

almost to background between pulses, and fifteen new seamples of W12 are made each
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second. After the first experiment with & single counter, all later work was done
with é pair of trays of Geiger counters, which were connected in coincidence. The
gounting circuit was sensitive for only 1/120 second, almost immediately efter the
proton beam was turned off. This "gating®™ of the circuit helped to reduce the
background, and in addition9 al m& thickipiece of copper was placed between the
counter trays. This absorber eliminated X;ray coincidences from the Cll, which is
also formed in the carbon target by high energy protons3, The background was always
negligible, and in fact, was largely due to cosmic rays. N2 samples with an activity
of the ordef.of one millicurie may be produced with the full beam curreﬁt (1w amp

peak; 4 x 1079 emp average), but all measurements were done at greatly reduced beam

-intensities, to avoid saturation of the counters.

2, Half-life Measurement

The half-life was mqasured with the aid of the gate circuit previously
described. The repetition rate of the linear accelerator was cut from 15 cycles per
second to 7.5 cycles per second, in order that the decay curve could be carried out
to greater times. The width of the gate, or sensitive time of the counting ciréuit,
was kept fixed at 0,008 second, and its delay time after the end of the proton pulse
was vearied by stéps of 1/60 second, as measured on an oscilloscope. The number of
positrons recorded through the gate for a given number of incident protonS'wés measured
es a function of the gate delay. The integration of the proton current was carried
out by counting the ¢ll activity induced in a 0,001" polystyrene foil, through which
the protons passed before striking the carbon targe%c

The half-life was measured several times in a period of several weeks, with
different experimental arrangements, and the various values agreed Within‘experimental
error. Great care-had to be taken to avoid overloading of the counters, since although
the average counting rates appear to be relatively low, the instantaneous rates are

very high because of the intermittant character of the operations. Figure 1 shows
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e typical decay curve over a factor of approximately 1,000 in intemsity, which yields

a valus of 0.0125 ¥ 0.001 second for the half life.

3. Excitation Curve

Panofsky end Phillips have determined the excitation curve for the production
of ¢li by the bombardment of le by fast protons. The theoretical threshold of the
Clz(pspn)cll reaction may be ealculatgd_from the known masses of the reacting nuclei,
and is 20.2 Mev. The faét that Cll activity wes observed at lower energies was in-
terpreted as evidence for the C12(p,d)Cll reaction. It mey easily be shown that if
le is étable against proton emission to form Cll, its p,n threshold on C12 must be
lower than 20.2 Mévs the (pspn) threshold. The binding energy of the last proton in
W12 is equal to 12/13 of the difference between the p,pn, and the p,n thresholds,

The first excibation curves for the 12 @illisecond period apreared to have
thresholds in the neighborhood of 21 Mev. Thick targets wers used in these experiments,
however, and the extrapolations to zero activity were more difficult than if thin
targets were used., Since the reasonable identification of the activity eas N12 depended
critically on the precise value of the proton energy threshold, & number of thin
target excitation curves were measured. The data for Pigure 2 were teken with a

target of polystyfene 0.,005" thick. The aluminum absorbers were weighed, and the

tabulated values of the absorber mass per unit area include the aluminum window of

the accelerator, the air path between the window and terget, and one-half the thickmess
of the target. The range energy curve is from the work of Smith?. There are & number
of reasons to believe that it gives the proper energies in the 20-30 Mev region.
Immediately after several of the determinetions of the proton threshold, calibrated
nuclear emulsion plates were exposedvto the‘protoﬁs from the linear acceleratore

The protons were found to have a range corresponding to 32.0 t\Ool Mev, which is the
energy one calculates from the dimensions and frequency of the accelerator. Dr.

Panofsky has measured the lengths of scattered proton tracks in the same plates,
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where the briginal protons had the full acceierator energy, and were scattered from
protons at known ang1§s° This is an excellent way of extendiné the range-energy curve
for nuclear emulsion plates from the lower energy regioﬂy where it is known accuratekyg'
to the range of 32 Mev. One mekes use of the relationship, Eé =B, cos? 8.

In addition to these checks of the renge-enmergy curve, one mey work differ-
entielly from the measured threshold of the Cl2(p,d)cll reaction, correcting for the
Gemow factor of the esceping deuteron. All méthods of determining the enefgy of a
proton in the 20 Mev range give results which check to better thean ¥ 100 Kev.

The threshold of the Clz(p,n)le reaction is at 20.0 Mev., If ohe assumes
that the excitation cufve near the threshéld for en infinitely thin ftarget is a straight
line meeting the horizontal exis at‘a finite angle, then the curve for a target of
finite thickness should extrapolate to the axis at "the center of the target®. It
should be curved over a range of sbsorber thicknessnequal t§ that of the taréeto
Within the acoufaey of the data in Figure 2, that is just the appearance of the exci-

tation curve. The effects of straggling, and of the initial energy inhomogeniety

of the 32 Mev beam do not show in the curve. There is at present no method available

in our laboratory sensitive enough to detect the energy spreed in the 32 Mev beam.
From this work, and that of Panofsky and'Phillips, it is known that the energy spread
is less than 100 Kev, or less than 3 x 10-3,

The excitation curve was found to»level off at a value of 10 arbitrary
units for energies abpve ebout 24 Mev. No physical significance should be attached
to this observat‘ioﬁ9 because recoil of the»NlZ from the thin target foil would be
expected in this renge. With the stacked foil technique, this effect is not importent,
but in this case, no compensating factors offset the recoil effect. In one run with
e much thicker target, the excitation curve was observed to rise continuously from

20 to 32 Mev, as it should if the recoil hypothesis is correct.
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4, Absorption Data

The absorption of the N12 positrons is shown in Figure 3. The intensity
was reduced by a factor of about 103, and the end point is of the so-called inspection
type, which is generally more reliable than endpoints based on comparisons with known

spectra. Any comparison with other positron emitters would involve rather large

' extrapolations, and the only convenient high energy negative electron emitter which

mey be produced by the accelerator is Pis, from the Bed(p,2p) reaction. ‘Since this
isotobe hes a complex épectrums it would not be suitable for use with the Feather
comperison method. The upper 1imit is calculated from Feather's formula; as corrected
by Glendenin and Cofyelis, and has ?he value iéaG Mby; This ié precisely the upper
limit one claculates from the atomic masses, assuming a p,0 threshold of 20.0 Mev,
To show that the electronic component consisted of positrons, a sqarch'was
made for annihilation radiation. _A.'f-ray was found which decayed with a period of
epproximately 10=2 second., That this X-fay was not of nuclear origin was shown by
surrounding 2 bare source of ng with a heavy copper cylinder. Lead diaphragms were
placed so that the counters 9ou1d "éae“ only the region neaer the N12 source. When
the cylinder was placed around the‘N12N§ample, the ¥ -ray counting rate increased,
which showed that formerly, the positrons were annihilated at more distant points,

from which the annihilation quanta could not reach the counters,

5. Identification of the Activity

In the early stages of the work, before accurate half-life end threshold
values were available, it was thought that the activity might be the 00022.second
period of Blz, formed in the reaction Cls(p,Zp)Blzo Bombardment of samples enriched
in C13 showed that the activity definitely arose from the cl2}

The identification of the activiby comes from the following energetic

evidences @

*I em indebted to Dr. Jo. W. Qtvos of the Shell Development Company, for the lean
of the enriched carbon samples,
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(2)o The masses of le, as computed from the proton threshold and the
positron endpoint, .are the sa@e to within the error of the measurements, or asbout
* 0,0002 mass unitso

(b). It may be shown by a series of detailed calculations thet on energetic
ground, all isotopes with Z less then 8, end A less than 14, may be ruled out as being
responsible for the 0.0125 second activity. From the positron energy, one may compute
the mess of any supposed responsible isotope, which decays into a known isotope. Then,
using the observed proton threshﬁ}d, the mass of the exéited N13 atom is calculated.
It has been shown that the only two nuclei which come within five Mev of satisfying
the energetic requirements are Li% ana BS, wﬁich ere each off by about 4 Mev. (These
nuclei would be formed in (p,an),or (p,2an) reactions.) 1In all cases, there is not enough
energy available to make the reactions go. It is_not‘juét that the numbers do not
sgree perfectly as they do in the N2 calculation; the reactions are energetically
forbidden. For all other isotopes, which lie further from the stability curve, it

is possible to show that they are even more easily disposed of on energetic grounds.

6o Discussion

The mass of N12 is 12.0228 * 0.00015 M.U., based on Cl2 = 12,0038, The

¢

bete trensition from N12 to cl2 is allowed. As calculated from the formula given

by Konopinskis, the £t velue for the trensition is 1.6 x 104,‘as compared with l.4
7

x 104 for Bl2, using the latest values for the upper limit of Bl ',

12

According to Professor E. Tellere, the existence of N™® may be of some

importence in theories of the evolution of the light elements.
Ni2 may be the most neerly ideal radiosctive isotope for testing the

12 nucleus from the reaction of

neutrino theory. The meximum recoil energy of & C
e néutrino is 13,200 electron volts. Such recoils should have a range of about 2

cm in & cloud chamber operated with pure water vepor at a few degrees centigreade.

The W12 could be deposited on a charged wire, in an atmosphere of some hydrocarbon,
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and then repidly transported through alsma}? hole into the low pressure cloud chamber.
The direction of the recoil would be evident, end its energy could be measured by
drop counting techniques. The drop counting technique could be calibrated by 0l6
recoils from neutrons incident on theﬂghgmbero The 'direction end energy of the positron
could be photographed in en ordinery cloud chember plus magnetic field, placed adjacent
to the small, low pressure recoil chamber. If ﬁhe exﬁériment could be done, one would
have the directien end energy of rgcoil and_electron? end could compute from momentum
consideration, the direction and energy of the neutrino. This computed energy could
then be compared with the energy calculated from the positron energy and the upper
limit. If the two values always agreed, one would gain still more confidence in the
neutrino theory.
" I am indebted to Mr. Donald ane for constructing the electronic gate
circuit, to Dr. Hugh Bradner fo? help with some of the measurements, snd to the linear
accelerator crew for the bombardments,

This work was done under the auspiées of the Atomic Energy Commission.
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