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We present results of an investigation of the angular and energy distributions of protons from 
the photodisintegration of Be9 and C12• Analysis of the results leads to the conclusion that in 
the region of the giant resonance the interaction of y quanta with these nuclei is satisfactorily 
explained by the resonance theory of the compound nucleus. For energies above the giant res­
onance, the interaction of the y quanta is predominantly with individual substructures within 
the nuclei. 

IN the present work we have studied the angular 
and energy distributions of the protons formed in 
the photodisintegration of Be9 by y bremsstrahl­
ung with a maximum energy of Ey max = 44 Mev 
and in the photodisintegration of c 12 by brems­
strahlung with maximum energies of 30 and 44 Mev. 

The results were obtained using the method de­
scribed in a previous paper. 1 The targets were a 
graphite plate of thickness 17 mg/cm2 and a beryl­
lium plate 15 mg I cm2 in thickness. Impurities 
amounted to less than 0.3%. The protons were re­
corded in NIKFI Ia-2 emulsions of thickness 400 
and 500 JL. 

In the irradiation of C12 by y rays with Eymax 
= 30 Mev, only the protons from the C12 (y, p)B 11 

reaction were investigated. Other photoreactions 
on carbon in which protons are emitted have energy 
thresholds above 26 Mev, and the protons produced 
in these reactions (which have an energy less than 
3 Mev ) were not counted in our experiment. The 
contribution from the C 12( y ,d ) B 10 reaction is 
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very small at both energies since this reaction is 
forbidden by the isotropic spin selection rule. 

We shall first consider the results obtained for 
beryllium. The angular distributions of protons 
from photodisintegration of Be9 are shown in Fig. 
1. An analysis of the distributions of the various 
energy groups of photoprotons shows that there is 
no way of explaining all of the results on the basis 
of a single photoreaction mechanism in this range 
of photon energies. The angular distribution of the 
4 - 6 Mev proton group, as calculated using the 
model of direct interaction of y quanta with indi­
vidual nucleons in the nucleus, 2 contradicts the ex­
perimental observations. 

We therefore made calculations of angular dis­
tributions of photoprotons for transitions of vari­
ous types on the basis of the compound nucleus 
resonance model. 3 The results of the computations 
for transitions to the 2+ ground state and 3+ first 
excited state of the Li8 final nucleus are given in 
the table. 

Fig. 1. Angular distributions of proton groups from 
photodisintegration of Be• by y quanta with E max = 44 
Mev. The solid curves show the angular distributions 
calculated from the intermediate nucleus model, with 
transition to the ground 2+ state of Li". •- EP = 4-5 
Mev, o - EP = 5-6 Mev, x - EP = 6-9 Mev, & - EP = 

9-12 Mev, /:>,- EP = 12-15 Mev, D- EP 2: 15 Mev. 
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s 
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Distribution 

Li • left in 2+ ground state 

3;2 5;2 const 3;2 5;2 4 +sin" a 
3/2 3!2 cons! 3:12 3;2 const 
3;2 1/2 const 3;2 1/2 const 
5/2 5/2 const 5,2 5;2 13 + 3 cos2 !l 
5;2 3;2 const 5;2 3l2 2 +cos" 6 
5/2 1/2 const 5;2 1;2 const 

Li" left in 3+ first excited state 

5/2 5/2 cons! 5;2 5;2 13 + 3 cos2 0 
5;2 3/2 const 5;2 3;2 2 + cos2 6 
5/2 1/2 const 5/2 1/2 const 
7!2 5.'2 const 7;2 5;2 1. 7 + cos2 e 
712 3/2 const 7 ;2 3;2 6 + 7 cos2 6 
7j2 1;2 const 7;2 1/2 const 

l is the relative orbital angular momentum in the final state, s is the 
total spin of the reaction products, I is the total angular momentum of the 
photon-target system. 

It is not possible at present to evaluate the sta­
tistical weights of transitions with different s and 
I. Figure 1 shows the comparison of the computed 
angular distributions for photoproton groups with 
energies 4-5, 5-6 and 6-9 Mev with the experi­
mental data, on the assumption that the statistical 
weights of all the transitions to the 2+ state are 
the same. If these protons are produced by y 
quanta absorbed by the nucleus in the region of the 
dipole resonance, then the assumption that the most 
probable transition is that to the ground state is 
valid. However, even if for some reason the inten­
sity of transitions to the first excited state is com­
parable to the intensity of the ground state transi­
tions, the table shows that the shape of the computed 
angular distribution should hardly change. 

The angular distributions of the higher energy 
proton groups differ from those expected on the 
resonance theory of the compound nucleus. These 
deviations begin to appear even for the 5 - 6 Mev 
proton group, and increase with increasing proton 
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Fig. 2. Comparison of angular distribution of photoprotons 
from Be9 , assuming a two-nucleon interaction mechanism, with 
the angular distribution of the proton group of the same energy 
from photodisintegration of the deuteron. The data for the deu­
teron are shown by the solid curve. Eymax = 44 Mev, h v = 42 
Mev. 

energy. Starting with the 6 - 9 Mev proton group 
and higher, the experimental angular distributions 
have their maximum at an angle of 50°, i.e., the 
angular distributions are highly asymmetric around 
90°, with preferential emission of the protons for­
ward, in the direction of motion of the y quanta. 
The isotropic part of the distribution decreases 
with increasing energy of the photoprotons, and is 
only one-seventh of the anisotropic part for protons 
with energies greater than 15 Mev. At the same 
time, as we see from Fig. 2, the angular distribu­
tion of the protons from Be9 which have energies 
above 12 Mev is in good agreement with the angu­
lar distribution of protons from photodisintegration 
of the deuteron by 42 Mev y quanta.4 This shows 
that already at excitation energies of the order of 
40 Mev the production of photoprotons from Be9 

occurs via a two-nucleon mechanism. Apparently 
the fixed position of the maximum, which is shifted 
markedly toward smaller angles ( 45°- 55° ), in 
the angular distributions of other proton groups, 
shows the presence of the two-nucleon mechanism 
for absorption of y quanta by Be9 down to proton 
energies of 6 - 9 Mev. The complete energy spec­
trum of the Be9 photoprotons is given in Fig. 3. 
The analysis of its high energy part is also in favor 
of the quasideuteron model. In the spectrum of the 
photoprotons with energies above 12 Mev, which is 
shown in Fig. 4, there is a characteristic kink 
whose position is in qualitative agreement with the 
computed kink in the spectrum of protons from 
photodisintegration of the deuteron. The quantita­
tive relation between the cross sections per effec­
tive quantum for the 12 - 15 Mev proton group from 
the Be9 photodisintegration and the corresponding 
proton group from deuteron photodisintegration is 
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Fig. 3. Complete energy spectrum of protons from photo­
disintegration of Be9 ; Eymax ~ 44 Mev. 
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Fig. 4. Energy spectrum of protons with energies_::: 12 Mev 
from photodisintegration of Be9 (on a log-log scale); E ~ ymax 
44 Mev. 
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aBe9 = ( 1.0 ± 0.2) Aad. It is clear that within the 
limits of error the proportionality coefficient is the 
same as that for higher energy proton groups. 1 This 
is also in accord with the assumptions made above 
concerning the mechanism of formation of photo­
protons from Be9 at these energies. 

The angular distributions of protons from photo­
disintegration of c 12 by bremsstrahlung with 
Ey max = 30 Mev and Ey max = 44 Mev are the 
same (Fig. 5). Since in the first case the protons 
are formed only in the C12(y, p) B11 reaction, the 
coincidence of the angular distributions is appar­
ently related to the fact that the C 12( y, pn) B 10 

contributes little in this range of excitation energy. 
This is indicated also by the great similarity of 
the photoproton energy spectra, which are shown 
in Figs. 6 and 7. It is true that the maximum in the 
energy distribution of the protons from irradiation 
of C12 by bremsstrahlung with Ey max = 44 Mev 
is shifted somewhat toward lower energies com­
pared to the energy spectrum from irradiation of 
C12 by y quanta with Eymax = 30 Mev. 

For the low energy protons ( 4- 7 Mev), which 
are apparently produced when y quanta are ab­
sorbed by the C 12 nucleus in the region of the giant 
resonance (since the energy distribution of the 
protons within this energy range reproduces the 
shape of the cross section curve for the c 12 (y, p)B11 
reaction and the maxima of the curves also co­
incide), the angular distributions are in good 
agreement with those expected on the model of 
a direct photoeffect, as well as with the distri­
bution from the resonance theory of the compound 
nucleus. The identity of the conclusions from both 
models is caused by the fact that the final B11 nu­
cleus is left in either the %- ground state or in 
the %- first excited state. However, the experi­
mentally observed angular distributions from c 12 

for higher energy protons (which, like those for 

Fig. 5. Angular distributions of proton groups 
from photodisintegration of C12 by y quanta with 
E ~ 44 Mev: • - E ~ S-7 Mev, o - E ~ 

ymax p l 
7-10 Mev & - E ~ 10-13 Mev t; - E ~ 3-16 ' 6 ' p l Mev, x - FP _::: 1 Mev. 
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Fig. 6. Complete energy spectrum of protons from photo­
disintegration of C12 by radiation with Eymax = 44 Mev. 
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Fig. 7. Complete energy spectrum of protons from photo­
disintegration of C12 by radiation with Eymax = 30 Mev. 

Be9, deviate from the resonance model) are es­
sentially different from what would be expected 
from either of these models. The difference is 
characterized by a rapid decrease in the isotropic 
part of the distribution. An explanation for this is 
to be sought in the fact that, with increasing energy 
of the y quanta, the mechanism of absorption of 
the y quanta by individual substructures begins 
to be important. For carbon such structures are 
apparently quasi a particles. The angular dis­
tribution of the protons from photodisintegration 
of these structures has no isotropic part. Appar­
ently the smallness of the isotropic part of the an­
gular distributions of the high energy protons is 
also explained in this way. 

It is of interest to note the appreciable contri-

bution of the two-nucleon mechanism for absorp­
tion of low energy y quanta to the photodisinte­
gration of Be9• This may be related to the pres­
ence of a weakly bound neutron in the Be9 nucleus. 
On the other hand, in the photodisintegration of 
carbon, because of the high neutron binding energy 
( 17 Mev), the two-nucleon interaction mechanism 
does not appear. It also does not appear at higher 
energies. This is shown by the angular distribu­
tions and energy spectra of photoprotons with en­
ergies above 18 Mev which are obtained from 
photodisintegration of C 12 by y quanta from 
bremsstrahlung with Ey max = 64 Mev. In explain­
ing this fact it should be remembered that the iso­
topic spin selection rule may play an important 
role for the interaction of y quanta with c12 nu­
clei. In the case of the two-nucleon mechanism for 
absorption of y quanta, it forbids emission of a 
proton and a neutron with parallel spins. 

So although the analysis of the results on photo­
disintegration of C12 does not enable us to make a 
unique choice, the whole aggregate of experimental 
data on the photodisintegration of Be9 and C12 are 
in favor of the statement that the photodisintegration 
of light nuclei with absorption of y quanta in the 
region of the giant resonance occurs via formation 
of a compound nucleus. In the decay of the com­
pound nucleus, the final nucleus is left preferen­
tially in its ground state. With increasing energy 
of the y radiation, processes begin to be impor­
tant in the photodisintegration of light nuclei which 
owe their occurrence to absorption of the y radia­
tion by substructures within the nuclei. The two­
nucleon mechanism for absorption of y quanta by 
nuclei is already the dominant process at energies 
of the order of 80 Mev. 

In conclusion, the authors express their sincere 
appreciation to G. K. Kliger and V. I. Riabinkin for 
assistance in the work. 
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