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. EMISSION OF HIGH~ENERGY GAMMA LINE FROM Clz
David Cohen, Burton J. Moyer, Harlan Shaw, and Charles Waddell

Radiation Laboratory, Department of Physics,
: _Hniversity of California, Berkeley, California

June 11, 1954

In connection with studies of proton bremsstrahlung, in
which a 180° pair spectrometer is used to analyze the photon
spectrum, a gamma line at 15.2 ! 0.2 Mev has been observed which

cl2

is believed to arise from the excited nucleus. Such a line

1 experimental bremsstrahlung data

was suggestéd in R, Wilson's
on proton bombardment of éarbon, but his methods did not permit
resolution of the line.

Figure 1 shows this garma emission revealed by the pair -
spectrometer as it appears superimposed upon the bremsstrahlung,
viewed at 90° from the beam direction, in the bombardment of
carbon by 3L0-Mev protons in the Berkeley ecyclotron. The cyclo-
tron target could be pushed in to a radius where the proton
energy was 30 Mev; and at this energy the bremsstrahlung is
negliéible, leaving the line emission as shown in Fig._Z.

The breadth of the line as here shown is essentially
entirely instrumental, and a more precisé evaluation of its i;ue
energy awaits calculation of the instrumental line shape. Calibra-
tion of the spectrometer was accomplished by the floating-wire
technique, and a calibration fest of the spectrometer upon the

8%

17,6-Mev gamma line from Be” indicates that the energy error

is within the limits given above.
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The assignment of the line to Cl2§ is based upon the following
facts.

A. It is present with a carbon iarget for proton energies
ranging from 30 to 340 Mev, and is not dbserved in proton bombard-
meni of Be, B and 0.

| B, It has been observed in deuteron bombardment of Bll in
which deutercns of 18, 30, and 50 Mev were incident on a thick
target, It is not observed in the deuteron bombardment of Blo.
Recent work2 at Indiana gives definite indica£ion of high-energy
(about 15-Mev) garma emission from ll-Mev deuteron bowbardment of
a thick boron target (presumably natural boron which is 81 percent
plly ) . '
| C. A level below 15.95 Mev in ¢ cannot decay by neutr&n
o or proton emission, as is made evident by Fig. 3. Consequently
such a level ﬁust eiﬁher'disintegraté into three alpha particles

8 plus an alpha, or decay by'gaﬁma emission. If the

or into Be

gamma process is to predominate, a selection rule mst operate

which s&ppresses the alpha processes in the decay froﬁ this level.
Absolute values of the differential cross section for

prodncing_these gamma photbns into unit solid angle at 90° were

roughly determined by a thermocouple monitoringz of target memperéture.

This is related to beam energj loss in the target, and thus, at a

known energy, to beam traversal of the target. The ebsolute efficiency

of the spectrometef is calculated from established pair-production

cross sections and}gecmetry. In fig. L is illustrated the dependenca

of the yield of the level in question upon energy of bombarding

protons, with a carbon target.
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It seems reasonable to propose tenfativelyB that the alpha
disintegration may be considerably forbidden by isotopic épin
considerations, vhich weuld be the case if this 2% 1evel were
a T =1 state. This allows dipole gamma emission in the transition
to the C2 ground state.’ Upon this basis the BLZ, C12*, ang N12
would form the isotopic triplet. The 15,09-Mev c12* 1evel listed
by kaehberg and Lauritsens may be the one here in question,

Atterpts to produce this gamma emisgsion by the alpha bomﬁard-

9

ment of Be”, employing 170-Mev alphas upon a Be target of sufficient

- thickness to stoﬁ them, have not given a detectable yield, This
apparent failure to produce the required state by Be9 (asn) glew
may be understoed in t;rms of the T = 1 proposal advanced above;
. .

since a process which amounis egsentlally tc the coalescence of
fhree alphé particles, with the release of the loosely-bound
neutron, could not, develop a T = 1 state.

Helpful discussions with Professor M, A, Ruderman are acknow-
lé&ged.

This work was done under the auspices of the Atomic Fnergy

Commission.
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. FIGURE CAPTIONS

Photon spectrum from 3L0-Mev proton bombardment
of earbon.
Photon spectirum frém 30=Mev proton bombardment
of carbon,

Energy level diagram.

' Yield of the C*2 state in guestion vs. proton energy.
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