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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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THE PHOTO-DISSOCIATION OF THE HELIUM NUCLEUS BY 

HIGH ENERGY GAMMA-RAYS 

Seishi Kikuchi* 

Radiation Laboratory, Department of Physics 
University of California, Berkeley, California 

February 1, 1952 

The photo-dissociation of the alpha particle by high energy synchro-

tron gamma-rays of a maximun1 ~nergy of 320 Mev was studied by the method 

used in the study of the photo-dissociation of the deuteron reported pre

viously.l The analysis was made on the proton tracks found in photographic 

emulsions exposed to,the secondary particles emitted from a gas target of 

helium. 2 The exposure had been made originally by M. J. Jakobsen et al., 

to investigate the photomeson production of the helium nucleus. Because 

of fairly large experimental error the conclusions are not entirely free 

from ambiguities. It seems, however, difficult to get more accurate re-· 

sults before the intensity of the synehrotron beam is improved considerably. 

Therefore, it was considered worthwhile to present the results in spite of 

their lack of completeness. 

The energy spectra of the protons at the emission angles of 45°, 90° 

and 1350 are shown in the accompanying table together with the data for 

the deuteron previously reported.l The values are corrected for the nu-

clear absorption of protons in the absorbing material. To make the numbers 

in the cases of deuteron and alpha particle comparable they are normalized 

to the number of protons in the nucleus concerned. The data available in 

the helium case are less complete than those in the deuteron case. 
* Now at Osaka University, Osaka, Japan 
1. S. Kikuchi, Bull. Am. Phys. Soc.~' 5 (1951). 
2e M. J. Jakobsen et al., Bull. Am. Phys. Soc. ~ 24 (1951). · 
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In the case of 450, there seems to be a fairly well defined cutoff 

at the energy almost equal to the cutoff energy of the deuteron which is 

approximately 200 Mevo The yield corresponding to a proton energy of a-

bout 160 Hev is nearly equal in both caseso In the case of helium the 

yield of protons below 140 Mev increases more steeply with decreasing 

energy than in the case of the deuteron, indicating the existence of more 

low energy protonso 

In the case of 90°, the cutoff energy is again nearly the same in 

both caseso The en~rgy distribution curve below the cutoff energy in the 

helium case shows a steady increase of the number of protons with decreas-

ing energy, leaving no plateau below the cutoff, indicating again the 

larger number of protons below about 140 Mevo 

In the case of 1.35°, the energy spectrum extends up to about 1.30 Mev, 
. 

which is higher than the cutoff energy of the deuteron caseo 

The conclusions one can draw from these data might be as!?llowso The 

facts that the cutoff energies of the spectra of protons at 45° and 90° are 

approximately the same as in the case of deuteron, seem to indicate that 

the high energy protons at least in the case of 450 are produced by the ab- , 

sorption of a photon in a two nucleon system" The existence of protons of 

energy higher than the cutoff energy of the deuteron in the case of 1350 

might be due to an absorption process in which the energy and.momentum of 

a photon is taken up by three or four nucleonso The fact that there are 

more protons below say 140 Hev at the emission angles of 45° and 90° in 

the case of helium than in the case of deuterium, might also be explained 

by the three or four nucleon process mentioned aboveo The lack of protons 

above the cutoff energy for the two nucleon process in the case of 45° and 

90° and the lack of protons of energy above about 1.30 Mev in the case of 
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135°, seem to indieate that th0 cross section for the proces3 such as 

He + ~ ~ T + P is small compared to the two nucleon processo They also 

indicate the small probability for a process such as He + ~ -+ 2P ~ 2N or 

He + 6 _. D t P + N, in which the proton gets ~ore energy than allowed by 

the two nucleon processo 

The present results, together with the previous results on the deu-

teron, should helpto provide a fundamental basis for interpreting the 

photo-dissociation phenomenon of nuclei in general by high energy gamma-

rayso 

The author thanks Professors McMillan and Helmholz and members of the 

synchrotron group for the helpful discussions as well as for the generosity 

in placing the plates at the author 1s disposalo 

Information Division 
2/1/52 bm 
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TABLE 

Energy Deuteron -particle Energy Deuteron -particle 
(Mev) (Mev) 

78 26.2±2.9 
/ 

68 1L,7±lo7 
80 18.7!:L 7 72 5.2t0.,8 
87 15 o6±1o6 80 . 4ol:I:Oa8 
93 9o0:!:lo4 17.7I2o0 86 3o9:!:.0o8 7o3±lol 
99 12oY-2o5 93 4oe!:LO 

103 8.6±1o5 17.4%2.1 99 6.3.il.3 9.0±L6 
116 6.8iL2 

"' 
108 5o9:1:lo6 6a5Zlo2 

126 7 .3±1o3 0 117 5. 7±.1. 7 6.0±'J..o3 0 
141 5.8iL3 . 125 3.7±L4 

~ 154 6 .4:!.1.3 132 2o4±L2 3.¢0.9 Vl 
0 165 5.5±.1.4 143 2.1iOo7 

177 6.7±l.6 161 0.67:!:.,47 
189 8~5±lo6 172 . L3±0o4 
205 3o5±.l.8 6.,4'!:.1.4 182 lo2±0o7 
216 2.,J±.L6 2.8±'1.2 
241 3.3!:l.5 I 84 4o5.tO o9 
258 1o9±1ol 86 3o7 Oo8 3a5.:!:0o8 

!, •. 320 2.6±l.l 92 3o4 Oo8 3o5±0o8 
98 2.7 0.8 5obtlo2 

1--' 103 2o8 Oo9 3.6±LO 
\.>.) 116 0.6 0.4 ~o9J:Oo8 
>-8 122 2o2±0o 7 

127 '1~~0.6 
134 LJ±Oo6 
140 1.7 0.7 1.1±0.4 




