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The cross section for nuclear absorption of y rays by carbon in the 13-27 MeV region was 
measured by the absorption method. A pair magnetic spectrometer was used as y detector. 
Measurements were performed at the 250-MeV synchrotron of the Lebedev Physics Institute. 
The cross section curve has five peaks, at 16.5, 17.6, 19.1, 23, and 25.6 MeV. The integral 
cross section in the given energy region is 84 ± 10 MeV -mb . The measured C 12 nuclear ab
sorption cross section in the giant resonance region is compared with theoretical calculations 
and with experimental photonucleon spectra and cross sections for C 12 ( y, n) and C 12 ( y, p) 
in the same energy region. 

INFORMATION about high-lying excited levels of 
light nuclei and the y -ray interaction mechanism 
can be obtained by studying in detail the structure 
of the y -ray absorption cross sections of these 
nuclei in the giant resonance regions. Recent pub
lications have reported the first detailed investiga
tions of the absorption cross sections for several 
light nuclei. [ 1-5 J 

Giant resonance in C 12 has been investigated 
very frequently during the past decade, but with 
inconsistent results. On the one hand, the "breaks" 
in the ( y, n) yield curve [6] and the peaks of photo
proton and photoneutron spectra reported in [T-9] 

clearly indicate a fine structure of C 12 giant reso
nance. Separate isolated resonances in the absorp
tion cross section have been observed in [2, 4]. On 
the other hand, data concerning the cross section 
for the inverse (p, y 0 ) reaction[ 10 ' 11 J and later 
measurements of photoproton [ 12- 14] and photoneu-

tron [ 15 J spectra do not support similar cone lusions. 
The absence of any considerable contribution of 
isolated narrow resonances to the C 12 absorption 
cross section (unlike the case of 0 16 ) has also 
been indicated by an indirect method. [16 ] 

In the present work we report measurements of 
the total y -ray absorption cross section for C 12 

in the excitation region 13-27 MeV. 

MEASUREMENT TECHNIQUE 

Our measurements were performed at the 
250-MeV synchrotron of the Lebedev Physics In
stitute by the absorption method using a pair mag
netic spectrometer as the detector and a 10 x 10 

x 100 em graphite block as the absorber. A de-
tailed description of the apparatus and of the ex
perimental geometry has been given in [5J. The 
spectrometer gap width was 4 mm; in [5] the gaps 
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a, mb 

0 

to 

were 2 mm wide. The computed spectrometric 
resolving power under these conditions was 125 
keV for 10-MeV y rays, and 225 keV for 20-MeV 
y rays. As a check the resolution was measured 
for a monochromatic y line (9.716 MeV) from the 
C r 53 ( n , y) reaction; the resolving power was then 
found to be 120 keV. 

The enhanced spectrometric efficiency brought 
about by the broader gaps enabled statistically 
accurate ( ~ 1%) measurements below the ( y, n) 
and ( y, p) reaction thresholds in the 13-16 MeV 
region. This permitted a more accurate normal
ization of the measured cross section and yielded 
a very reliable value of the absolute absorption 
cross section. 

With constant maximum x-ray energy Emax 
= 220 MeV, the y energy registered by the spec
trometer varied by 175 keVin the 13-27 MeV 
region. For each given energy we measured the 
ratio of the number of y quanta without the ab
sorber (N0) to the number (N) with the absorber in 
the photon beam, making at least 15 independent 
measurements at each energy. The statistical 
error was ~ 1% when the absorber was used. 

RESULTS 

The measured ratios N0/N were used to calcu
late the total cross section a tot of y absorption 
by carbon in the region 13-27 MeV. The cross 
sections for pair production and Compton scatter
ing must be subtracted from atot in order to ob
tain the nuclear absorption cross section. 

As has been discussed in detail in [sJ , the large 
uncertainty in the cross section for pair production 
on electrons, which thus prevents a sufficiently 
accurate calculation of the absolute absorption 
cross section associated with such processes, and 
the small amount of cascade multiplication of high
energy photons that exists in the x-ray spectrum 
make it necessary to normalize the cross section 
curve for absorption associated with the electron 
interaction to the experimental curve. The nuclear 

FIG. 1. C12 nuclear absorption cross section. 

part of the cross section was determined in the 
following manner. 

The thresholds for C 12 ( y, n) and C 12 ( y, p) , 
which are the principal reactions in the investiga
ted energy region, are 18.7 and 15.96 MeV, res
pectively. In the interval 13-16 MeV below the 
thresholds of these reactions y absorption by 
carbon nuclei can occur only in a ( y, a) reaction 
and through elastic and inelastic scattering. Ac
cording to [ 17], the ( y, a) cross section in this 
energy region is smaller than 0.1 mb. For car
bon Garwin has estimated [1sJ that the cross sec
tion for elastic and inelastic nuclear scattering of 
13-16 MeV y quanta also does not exceed 0.1 mb. 
Consequently, if the nuclear absorption cross sec
tion in the 13-16 MeV region is taken to be zero, 
the error will not exceed 0.2 mb. 

In working with the pair magnetic spectrometer 
the position of each measured value E' is dis
placed relative to the effective y energy E by an 
amount approximately equal to the spectrometric 
resolving power. After making this correction the 
experimental total absorption cross section atot 
was compared in the region 13-16 MeV with the 
calculated curve for the "non-nuclear" portion of 
the cross section. [ 19 J The difference between the 
experimental points and the thus normalized 
"non-nuclear" cross section curve was the nu
clear absorption cross section a. 

Figure 1 shows the cross sections for y -ray 
absorption by C 12 • The zero point of the nuclear 
absorption scale was determined with an error 
± 0.4 mb from the experimental spread in the 
region 13-16 MeV . 

Before analyzing the form of the nuclear ab
sorption cross section, we shall discuss the condi
tions for observing peaks associated with separate 
nuclear levels when employing our present techni
que. We introduce the notation: a e for the cross 
section for absorption induced by Compton scat
tering and pair production, a for the nuclear ab
sorption cross section, r for the width of a nu
clear level, d for the absorber thickness, n for 
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the number of nuclei in unit volume, and tl.(E - E 0) 

for the function characterizing the instrumental 
resolution, which was normalized to unity: 

00 

~ ~ (E- E0) dE = 1. 
0 

The ratio of the counting rate with the absorber 
in the photon beam ( N) and without the absorber 
( N 0 ) is 

00 

.!!_ = e-ndae \' e-nda(E) ~ (E _ E0) dE 
No .\ 

(1) 
0 

for which it is assumed that the 'Y -ray spectrum 
and ae are almost constant in an energy region, 
equal to twice the width 6 of the energy resolution, 
where tl.( E - E 0 ) does not vanish. When r » 6 
the nuclear absorption cross section in the inter
val 6 can also be regarded as approximately con
stant; then 

N _ -nd (ae +s) 
No- e . 

Let the nuclear absorption cross section have 
the dispersive form 

(f/2)2 

a (E) = ao (£ _ £,)2 + (fJ2)2 

Equation (1) can be rewritten as 

00 

(2) 

~ = e-ndae [I_~ (I_ e-nda(El) ~ (E _Eo) dE J. (3) 
0 

The integral here depends on the thickness of the 
absorber ( nda 0 ) , the level width r, and the form 
of the resolution function tl.( E - E 0 ) • We shall 
assume that the latter is triangular, i.e. 

~(E-E0)=0 for JE-E0 J;>6!2, 
~ (E -E0) = 2o-1 [I- 2<'1-1 /E -EollforO </Eo -E I <6!2. 

(4) 
If the sample is "thin" i.e., nda « 1 and 

r « 6, we have, accurately to within the amount 
( nda0 ) 2 (r /6) exp {- ndae (Eo)}, 

(5) 

In the case of a "thick" sample, when nda0 » 1 
and r /6 « 1/)nda0 , we obtain 

~ =e-nda,(E,)[I- 2Vn~V!Ufu;; (I-fJE,-E0 f)+ .. ] 
for I Eo- E;/ <f. 

N -nda,(E,) 
No = e 

{j 
for/ Eo- E, I> 2· 

This result is correct to terms of the order 

where 'Y is Euler's constant . 

(6) 

The foregoing equations show that when the 
level width r is much smaller than the resolution 
width 6 we may fail to observe resonance in the 
nuclear absorption cross section even if a0 is 
relatively large. It follows from (6) that the well
known 15.11-MeV (1 +, T = 1) level of C 12 , which 
has been observed in the elastic scattering of 'Y 
rays, will be practically unobservable in our pres
ent experiment if its parameters are those given 
by Garwin [ 18 ~ (cross section at maximum 29.7 ± 1.1 
b, width r = 64.5 ± 10.4 eV, and integral cross 
section 3.01 ± 0.60 MeV-mb). 

DISCUSSION OF RESULTS 

Figure 1 shows that the measured nuclear ab
sorption cross section consists of several peaks 

having very different parameters. Most of the 
cross section for C 12 giant resonance is located 
above 20 MeV. In this excitation region (up to 27 

MeV) the absorption cross section exhibits two 
broad peaks having their centers of gravity at about 
23 and 25.6 MeV. The integral cross sections of 
these peaks have the approximate ratio 3 : 1. It 
is evident that even relatively little worsening (by 
a factor 1.5-2) of the instrumental energy resolu
tion by comparison with the resolution in our pres
ent experiment would result in quite symmetric 
giant resonance having its maximum at ~ 23 MeV, 
a width ~ 3.5 MeV, and a high-enerf tail. This 
is confirmed by Ziegler's results. [1 

The major portion of the absorption cross sec
tion comprises a broad peak in the region 20-24 
MeV with a max ~ 16 mb, half-width r ~ 3 MeV, 
and integral cross section 54 MeV-mb. The broad 
flat summit ( ~ 2 MeV), the sharp decline at 24 
MeV, and the irregular shape of the curve suggest 
that this maximum consists of unresolved narrower 
peaks. 

From earlier work [2] performed with the same 
apparatus but with better energy resolution we con
cluded that c 12 has a well-resolved peak in its 
absorption cross section at 22.5 MeV with r ::::; 100 



1162 N. A. BURGOV et al. 

Table I. c12 energy levels in the region 16-28 MeV 
obtained by different methods 

From the nu- From cross From cross 
clear absorp- From From section for section for re-

tion cross From the yield curve photo- photo- inverse re- actions in-
section of 41•2](y,n) neutron proton action Bu duced by 

p:~r I fl·'l l • sper~~um' speF.t;]um (P, 'Yo)C12 chargesJ 

_w~o~r~k.~----~----------------~----~---L--~ ___ _I_u~]--~-p~a_rt_i_cl_e~sl~21~]-
16.5 

17.6 

19.1 

20.15 

20.46 

20.92 

23,0 22.5 

25.6 1 

18.90 

18,96 

19.08 

19,17 

19.30 

19.46 

19.57 

19.76 

19.92 

20.13 

20.27 

20.62 

20.90 

21.08 

21.22 

21.58 

22.02 

(60) 

(120) 

(90) 

(130) 

(160) 

(110) 

(190) 

(160) 

(210) 

(140) 

(350) 

(28'0) 

(180) 

(140) 

(360) 

(440) 

23.0 

26.0 

22.55 

25.5 
27.5 

19.2 

22.5 

25.5 

16.58 
17.23 
17,77 
18.40 
18.85 

19.26 

19.42 

19.67 

19,88 

20.27 

20.49 

20.65 

21.34 

21,80 

*Distances in keV between neighboring "breaks" are given in parentheses. 

keV. Measurements performed with two absorbers 
of different thicknesses yielded identical results. 
The absence of a reliably resolved peak at 22.5 
MeV on our present curve of the nuclear absorp
tion cross section can be accounted for by the fact 
that the spectrometric resolving power was ap
proximately only half as good as in [2]. The mean 
absorption cross section ~ 22 mb in the 22.2-23.5-
MeV, obtained in [2], is approximately 1.5 times 
larger than in our present work. This is accounted 
for by the uncertainty in the theoretical cross sec
tion for "non-nuclear" absorption due to the 
cross section for "triplet" production [5] 0 and 

llin [2] measurements were made using a 30-MeV synchro
tron, and there was practically no cascade multiplication of 
photons. 

by the impossibility, when measurements are made 
in a narrow energy range, of normalizing this 
cross section to the portion of the experimental 
curve where the nuclear cross section is relatively 
very small. 

The second peak, in the region ~ 24.5-26.5 
MeV' has the parameters Umax = 8 mb' r ~ 2 
MeV, and an integral cross section 17 MeV -mb. 

The cross section for nuclear absorption of y 
rays by carbon which Ziegler [t] measured using a 
similar technique with inferior energy resolution 
(~ 400 keV) exhibits a smoother dependence on 
excitation energy in the region 24-27 MeV than in 
our present experiment. The absolute cross sec
tions are in good mutual agreement. There are in
dications in [ 13 •20] that botn the first peak at 20-24 
MeV and the second peak at 24.5-26.5 MeV have a 
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more complex structure. Below 20 MeV three rela
tively narrow peaks are observed on the curve for 

the C 12 nuclear absorption cross section, at 16.5, 
17.6, and 19.1 MeV. The half-widths ofthese 
peaks, without corrections for the resolving power, 
are 250, 400, and 650 keV, respectively. 

Table I gives the experimental data regarding 
excited C 12 levels in the region 16-27 MeV. The 
peaks observed in the absorption cross section 
are compared with the investigation of breaks in 
the ( y, n) yield curves, [sJ the latest most precise 
photoproton [13 ] and photoneutron [ 15 J spectra, and 
the results from a study of the inverse reaction 

B11 ( p, Yo) C 12 • L 11 ] The last column gives the C 12 

levels discovered in reactions induced by charged 
particles[21 J [exceptthe (p,y 0 ) reaction]. 

The table shows that the two absorption cross 
section peaks observed above 20 MeV in our pres
ent work agree with peaks of the ( y, n) and ( y, p) 
cross sections derived by analyzing photoproton 
and photoneutron spectra and the cross section for 
the ( p, Yo) inverse reaction [related by detailed 
balancing to the ( y, p 0 ) reaction]. 

The resonances in the absorption curve below 
20 MeV (Fig. 1) were observed at the same excita
tion energies in the cross sections for reactions 
with charged particles. 

The peak at 19.1 MeV was observed in the cross 
sections for the ( p, y 0 ) , ( p, p ') , and ( p, n) reac-

tions. [tt, 21 •22J The widths of the 450- and 500-keV 
levels given in [21. 22 ] agree with our present re
sults. 

The 17 .6-MeV peak can be associated either 
with a 17.23 MeV level (r, r = 1160 ke V) or with 
a 17.77-MeV level (0+, r = 140 keV) derived by in
vestigatin~ \he ( p, y) , ( p, a) , and ( p, p') cross 
sections. 2L Since a 0 - 0 transition is forbid
den, agreement with the 17.77-MeV level would 
require us to assume that the assignment 0 + is 
incorrect. 

The resonance observed with 16.5-MeV y rays 
obviously corresponds to the 16.58-MeV level 
(2-, r = 295 keV) derived by investigating the 
cross sections for B10 ( He3 , p) , B11 ( p , y) , and 
B11 ( p, a) . [21 ] Although the probability of exciting 
a 2- level must be small, the cross section for 
C12 ( y, 3 a) indicates that this resonance occurs. [21 ] 

The fact that a large number of the levels ob
served in reactions with charged particles do not 
appear in the cross section for y -ray absorption 
could be accounted for by the small probability of 
their excitation in the course of photodisintegration. 
However, we are left with the problem of the peaks 
corresponding to the breaks in the ( y, n) yield 
curves "lleasured by the methods of direct regis
tration and induced activity (column 2). 

Column 2 gives (in parentheses) in addition to 
the positions of the breaks, the energy separations 
of the neighboring breaks. With the exception of 
two breaks at 20.62 and 21.58 MeV all of these 
separations are in the range from 60 to 200 keV. 

Since the spectrometric energy resolution in 
our measurements was about 200 keV, while the 
experimental points are separated by 175 keV, it 

Table II. Parameters of c 12 giant resonance ob
tained by different methods 

Absorption 
cross 

section 

Nuclear cross 
section of (y,p) 
reaction 

Nuclear cross 
section of (y,n) 
reaction 

Emaxr MeV, 
of cross 
section 

23 
23 

21,5 
23 
22.1 
22.5 
22.5 
22.5 
22,5 

22,5 
22.8 
23.0 
23,4 
23.0 
23 

Cross sec--
tion at max-
im\lm Umax, 

mb 

16 
17 

34 
14.7** 

8.1** 
24** 
12.7 
12 
11 

8.3 
10,4 
7.9 
6,3 
7.5 
8 

r, MeV 

3.2 
4 

1,7 

3.6 

3.3 
3.1 
3.1 

4,3 
3.5 
3.2 
3,2 
4 
4.2 

JadE. 

MeV-mb 

84(27)* 
100(27) 

63(24) 
46(24) 

57(27) 

43(27) 

39(27) 
34(25) 
22(24) 
24(26) 
35(27) 
34(27) 

*The upper integration limits (in MeV) are given in parentheses. 

Source 

Present authors 
[1] 

[23] 
[ 7] 
[24] 
(I OJ 
[12] 
[llj 
[13] 

[25] 
[••] 
[27] 
I'"J 
[If•] 
28 [ l 

**The data given here are the values corrected in [12] for anisotropic distribution. 
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Table ill. Energy levels and relative transition 
probabilities obtained in the present work, 

and theoretically calculated charac
teristics of c12 dipole transitions 

Present work 

["] 
w,% E, MeV I 

E,MeV I w,% 

16.5 3 
17.6 6 
19.1 6.5 18.7 6.5 

22.2 75 

2'3 64 

23.9 0.5 

25,6 20 

34.3 18 

is clear that, independently of their parameters, 
the corresponding resonances should not appear 
in the absorption cross section. The observed 
19.1-MeV peak evidently represents the super
position of several close-lying levels. With re
gard to the two most isolated breaks the experi
mental points in Fig. 1 around 20.62 and 21.58 
MeV seem to indicate the corresponding resonan
ces. However, additional measurements are re
quired for reliable confirmation. 

The work in [4] was also performed by the ab
sorption method, but with monochromatic y radia
tion from the T ( p, y) reaction. The energy reso
lution in the experimental region 20-21.2 MeV 
varied from 70 to 40 keV. The first two peaks at 
20.15 and 20.46 MeV obviously correspond to 
breaks in the yield curve at 20.13 and 20.27 MeV. 
The sharp increase of the cross section beginning 
at ~ 20.6 MeV in the region of the third peak cor
responds to the break at 20.62 MeV. However, the 
maximum of this peak at 20.92 MeV conflicts with 
the next break, which is observed at 20.90 MeV. 

The first photoproton [7•8J and photoneutron [9] 

spectra from carbon, which were reported in 
earlier investigations, were regarded as a con
firmation of the hypothesis that the absorption 
cross section represents a combination of isolated 
narrow resonances. However, later investigations, 
which appear to have used superior techniques, of 
photoproton [13 ] and photoneutron [15 ] spectra did 
not reveal a structure for carbon. 

The cross section for the reaction B11 ( p, y 0)C 
in the 21-26-MeV excitation region of c 12 was 
very carefully investigated by Gove et al. [ttJ but 
no fine structure was detected; only relatively 
small irregularities (within 10%) of the cross sec
tion curve were found. 

Theoretical 

I [30] 

I 
["] 

E, MeV I W,o/o E. MeV I w,% 

17,1 12 

18,7 3 
22.2 31 

22.5 54 
23.0 9 
23,7 9 

24.3 25 
26,3 11 
29,5 9 
31.9 30 

Further thorough experimental study will be re
quired to determine whether the foregoing negative 
result can be attributed to inadequate energy reso
lution or to some other circumstance, and also to 
determine whether the partial reactions involving 
carbon possess a fine structure. 

As already indicated, the ( y, p) and ( y, n) re
actions are the principal processes occurring in 
the given energy region. It is therefore interesting 
to compare the observed absorption cross section 
with the sum of the cross sections for these reac
tions. Table II gives the available experimental 
parameters of C 12 giant resonance. 

The cross section for C 12 ( y, n) C 11 was meas
ured by several investigators using the residual 
activity method [25 •27 •28 ] and the direct registration 
method [20 •26], while Fuchs et al [15 ] calculated the 
cross section from the photoneutron spectrum. The 

cross section for c 12 (y, p) B11 has been deter
mined by direct registration of protons, [23 ] from 
the cross section for the inverse ( p ,y0 ) reaction, 
[ 1o,tt] and from the photoproton spectrum. [7•12 •13 •24 ] 

In calculating the ( y, n) and ( y, p) cross sec
tions from the photoneutron and photoproton spec
tra, and also the ( y, p) cross section from the 
( p, Yo) cross section, it was assumed that the 
ejected nucleons leave the product nucleus in its 
ground state. Penner and Leiss [24 ] have shown 
that this assumption is correct up to an excitation 
energy of 30 MeV. Further confirmation is found 
by comparing the absolute ( y, Po) and ( y, p) 
cross sections. 

Table II shows that the maxima of the ( y, p) 
and ( y, n) cross sections have average values of 
~ 12 and ~ 8 mb , respectively. (The values of 
a max for the ( y, p) reaction obtained in [23 .t 0 ~ 
are obviously too high.) The sum of these cross 
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a, mb 

J 

E, MeV 

~o·!;-z~t;-2.-::l'2.-t""'J;-2.:,~---;2~'5--.26~-t.z7,-

FIG. 2. Cross sections for the C12(y,n) and C12(y,p) reac· 
tions compared with the measured cross section for y-ray 
absorption in carbon. 1-a(y,n), [20 ] with data above 25.5 MeV 
taken from [25 ]; 2-a(y,p); [13 ] 3-a(y,n) + a(y,p); 4-cross 
section for nuclear absorption in the 20-27MeV region. 

sections is consistent within experimental error 
with the values 16 and 17 mb for the absorption 
cross section at the giant resonance maximum. 

The sum of the mean values given in the table 
for the integral cross sections of the ( y, p) and 
( y, n) reactions ( ~ 50 MeV-mb and ~ 30 MeV-mb, 
respectively) are in good agreement with the in
tegral absorption cross section obtained in the 
present work. 

Figure 2 compares, in the region 20-27 MeV, 
the absorption cross section shown in Fig. 1 and 
the sum of the ( y, p) and ( y, n) cross sections. 
The partial cross sections cr for the ( y, p) and 
( y, n) reactions, which are also given in Fi1. 2, 
were taken from the most recent literature. 13 • 20 ~ 
Both the absolute values and the general behavior 
of the curves exhibit entirely satisfactory agree
ment. 

Poorer agreement results when the ( y, n) 
cross sections cr given in L26 •21J are used, because 
when these are added to the ( y, p) cross section 
the principal peak in the 20-24-MeV region be
comes sharper. This appears to indicate that the 
maxima of the ( y , p) and ( y , n) reactions do not 
coincide. 

Table III gives the energies and intensities of 
transitions involved in the dipole absorption of 
y rays by c 12 according to several theoretical con
ditions L29- 31 ] and our present work. All the calcula
tions were based on the shell model. A spherically 

symmetric potential was used in [29 •30 -1
; the differ

ence between the results obtained in these two 

studies results mainly from the fact that different 
experimental values were used for the binding en
ergies of nucleons in different shells. In [31 ] (the 
last column) a Nilsson deformed potential was 
used; in this case the C 12 dipole resonance is 
split into two groups of transitions corresponding 
to the excitation of vibrations parallel and perpen
dicular to the nuclear axis of symmetry. These 
transition groups overlap partially because of 
strong spin-orbit interaction. 

The table shows that the region of intense di
pole transitions may extend above 30 MeV. It is 
therefore necessary when investigating the giant 
resonance to measure the nuclear absorption 
cross section up to 35-40 MeV. This also furn
ishes some information concerning the C 12 quad
rupole moment. 

Below 30 MeV the levels making the principal 
contributions to the absorption cross section are 
located near 23 MeV, thus agreeing with the posi
tion of the principal maximum obtained in our work. 
The shape of the experimental curve above 20 MeV 
is in good agreement with the results of Nilsson et 
al. [31] 

Below 20 MeV the calculations do not yield the 
required number of levels. This can be attributed 
to insufficient accuracy or to a different multi
polarity of some transitions. 

Calculations performed for other types of tran
sitions [29 ] indicate the possibility that the 16.5-
and 19.1-MeV levels obtained in our present work 

can be assigned to 2 + and 2- excitations. However, 
the probability of a 2- excitation by y -ray absorp
tion within the given energy region must be rela
tively very small. 

The integral cross section for nuclear absorp
tion in the 13-27 MeV region, as calculated from 
the curve in Fig. 1, is 84 ± 10 MeV-mb. This 
agrees with the integral cross section 130 ± 20 
MeV-mb obtained by a similar technique for the 
10-30 MeV region. [1] Somewhat poorer agreement 
is found with the integral cross section 120 MeV
mb in the 10-27 MeV region, which was deter
mined by the absorption method using a scintilla
tion counter as the detector. [32 ] 

The integral cross sections obtained in the pres
ent work and in [1 •32 J comprise about half of the 
integral absorption cross section 252 MeV-mb 
obtained theoretically from the "sum rule." This 
obviously shows that in the case of carbon (as for 
oxygen) the giant resonance region below 30 MeV 
includes only about half of the integral cross sec
tion for dipole transitions. 
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