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independence of nuclear forces. These conclusions are 
summarized graphically in Fig. 3. 
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THESE experiments were an extension of our ex­
periments1 with deuterons on C12 involving a 

number of the same states in N14*. The experimental 
techniques and method of analysis were essentially the 
same in the two experiments. States in N14* at 11.05, 
11.30, 11.39, and 11.504 Mev, which show clearly in 
C12(^)C12, C12(^0)C13, and/or C12(^i)C13* at Ed 

= 0.92, 1.19, 1.31, and 1.446 Mev, have large proton 
partial widths to the ground and/or first excited state 
of C13. From the analysis of the deuteron data it was 
possible to make JT assignments and estimate the 
proton partial widths. In addition, the results of the 
C12(d,̂ >o)C13 analysis imply the operation of selection 
rules other than those arising from the conservation 
of angular momentum and parity.2 In view of the 
question of the validity of isotopic spin selection rules 
and the extensive interest3,4 in the states of N14*, it 
appeared important to check these results directly by 
elastic scattering of protons on C13. In taking the elastic 
scattering data, the range of energies was extended 
down to 2.6 Mev and up to 5.0 Mev. The states at 
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11.05,11.30, and 11.39 Mev in N14* produced resonances 
in Cld(p,p)Clz at E„=3.78, 4.04, and 4.14 Mev. Addi­
tional resonances at 2.743, 2.87, 3.105, 3.20, and 3.980 
Mev corresponding to states in N14* at 10.092, 10.21, 
10.428, 10.52, and 11.240 Mev were observed in the 
elastic scattering data. A resonance due to the narrow 
11.504-Mev state at Ep= 4.265 Mev5 was not observed 
in the elastic scattering data although it showed up 
strongly in C13(>,/)C13* (Q= -3.09 Mev). Theoretical 
fits to the elastic scattering data were attempted, using 
dispersion theory in the single-level, approximation. A 
preliminary report of this work has been given.6 

Elastic scattering experiments with protons on C13 

in the range 0.4 to 1.6 Mev have been reported by 
Milne,7 and in the range 1.6 to 3.3 Mev by Zipoy, Freier, 
and Famularo.8 We have included in this paper a theo­
retical fit to the data of Milne, confirming his assign­
ments. Extensive information on the states of N14* has 
been accumulated through experiments on reactions.3 

Specific references will be given with the discussions of 
individual states where pertinent. 

The ground state of C13 has J*— \~ and the character 
2Pi. The elastic channel spin S can thus be 0 or 1 for 
protons on C13. As compared with C12(d,d)C12 channel-
spin-one scattering,1 there is the added problem of the 

5 The mass-equivalent energies given in reference 3 are used 
throughout. 

6 E. Kashy, R. R. Perry, and J. R. Risser, Bull. Am. Phys. Soc. 
5, 108 (1960). 

7 E. A. Milne, Phys. Rev. 93, 762 (1954). 
8 D . Zipoy, G. Freier, and K. Famularo, Phys. Rev. 106, 93 
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Excited states in N14 have been observed by measuring the differential elastic scattering cross section of 
C13(p,p)Cls for proton energies from 2.6 to 5.0 Mev. Resonances were observed at proton energies of 2.743, 
2.87, 3.105, 3.20, 3.78, 3.980, 4.04, and 4.14 Mev, corresponding to excited states in N14 at 10.092, 10.21, 
10.428, 10.52, 11.05, 11.240, 11.30, and 11.39 Mev, respectively. Single-level dispersion theory analysis 
indicates assignments / T = l + ( 2 + ) , 1^, 2+, 1~, 1+, 3~, 2~, and 1+, respectively, for these states. Analysis of 
previously published C 1 3 (^)C 1 3 data at lower energies confirms the assignments 1~, 0+, 0~, 3", and 1+ for 
the states at 8.05, 8.61, 8.75, 8.90, and 8.98 Mev. A resonance at 4.265 Mev corresponding to the known 
narrow state at 11.504 Mev was not found in the elastic scattering data although it was found to be strong 
in C13(i>y)C13*. 
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channel-spin dependence of the scattering matrix. 
States with / p = / ± l , i.e., states with JT=0+, 1~, 2+, 
3~, etc., can be formed only from S=l. For all these 
states except 0+ two lv values are allowed, and transi­
tions between the lp values can occur in the scattering 
process. A 0~ state can be formed only from 5 = 0 with 
lp—0. The remaining states, l+, 2~~, 3+, etc., can be 
formed with only one value of lP(=J) from both 5 = 0 
and 5 = 1 . 

At the lower end of the 2.6- to 5.0-Mev energy inter­
val the elastic channel is the only particle channel open. 
A number of thresholds occur in the interval. The 
C13(^,d)C12 threshold occurs'at 2.93 Mev and the 
Clz(p,n)Wz threshold at 3.24 Mev in addition to the 
C13G>,£0C13* at 3.33 Mev. Below these thresholds the 
relative proton widths Tp/T are unity, effectively, 
since Ty<gTp. Well above them, the Tp/T would be 
expected to be considerably less than one. The experi­
mental results are consistent with this expectation. In 
the 4-Mev region, it would probably have been im­
possible from the elastic scattering data alone to have 
deduced the positions of the resonances and the Jv of 
the corresponding states. Above 4.3 Mev, although a 
number of states appear to be contributing to the cross 
section, no resonances are clearly enough indicated in 
the elastic scattering data to allow conclusions as to 
position or assignment. 

EXPERIMENTAL PROCEDURE 

The experiments were performed using the scattering 
chamber described previously.1 The chamber was de­
signed to use thin self-supporting foils9 as targets. The 
protons were accelerated as atomic hydrogen ions in 
the Rice University 5.5-Mev Van de Graaff accelerator. 
The energy of the incident beam was determined using 
the 90° analyzing magnet which was calibrated in 
terms of a proton-moment magnetometer. 

The chamber was fitted with two counters spaced at 
90° in <j>, the angle about the chamber axis of rotation.1 

This in part explains the choice of angles in taking data. 
The elastic scattering data were taken at two sets of 
angles: (1) The backward counter was set at 125.3° 
cm., the forward counter then being at 38.3° cm.; 
(2) the forward counter was set at 90.0° cm., the 
backward counter then being at 165.5° cm. A single-
channel pulse-height analyzer was used to take the 
data. The elastically scattered proton group was posi­
tioned in the wide channel of the single-channel ana­
lyzer with the aid of a 20-channel analyzer, which was 
kept connected in parallel with the single-channel ana­
lyzer. The position and width of the group as well as 
the magnitude of the background were monitored at 
each point with the 20-channel analyzer. 

The principal difficulty lay in the subtraction of the 
C12(p,p)C12 background in the elastic data. The elas-

9 E. Kashy, R. R. Perry, and J. R. Risser, Nuclear Instr. and 
Methods 4, 167 (1959). 

tically scattered protons from the carbon isotopes were, 
of course, unresolvable. In addition to correction for 
the C12 content of the target, a correction had to be 
made for the buildup of a C12 deposit on the front face 
of the target by the proton beam. To establish a buildup 
correction, the first point of a run was repeated until 
N~~%< 0.005, where N was the total number of counts, 
and then taken again with equally large N at the end 
of the run. Total buildup for the run was calculated 
from the difference between these readings. The mass 
increment of C12 per point was then calculated on the 
assumption that the buildup took place at a uniform 
rate per point. Background subtractions proportional 
both to the C12 mass built up and to the C12 cross 
sections were then made. 

For the purpose of C12(p,p)C12 background subtrac­
tion, the C12(p,p)C12 cm. differential cross sections 
were calculated from the phase shifts10 between 2.6 
and 5.0 Mev at cm. angles corresponding to the 
laboratory angles used in the elastic scattering experi­
ments.11 These in turn were converted to laboratory 
differential cross sections. Fortunately, these cross sec­
tions varied slowly with energy except in the immediate 
neighborhood of 4.8 Mev, where the resonant variation 
is so extreme that it was deemed impractical to make 
a background subtraction. In this region a gap was 
left in the plotted experimental data. 

The experimental elastic scattering data were taken 
in essentially two parts. Thick targets enriched to 67% 
C13 were used first to establish the general level and 
gross structure of the cross section. Most of the experi­
mental points outside the regions with narrow structure 
at 2.74, 2.86, and 3.98 Mev were obtained with these 
targets. A 180-microgram/cm2 67% target was used to 
obtain the data below 4.4 Mev in one series of runs, 
and another 416-microgram/cm2 target of the same 
enrichment was used from 4.13 to 5.00 Mev in another 
series. The energy loss in the 180-microgram/cm2 

target varied from about 21 kev at 2.6 Mev to about 
14 kev at 4.4 Mev; the energy loss in the 416-micro­
gram/cm2 target varied from about 34 kev at 4.1 Mev 
to 30 kev at 5.0 Mev. Since an absolute determination 
of the target thickness can not be made by weighing in 
the case of thin self-supporting foils,9 the quoted target 
thicknesses were determined by counting scattered 
protons at energies and angles where both C12 and C13 

elastic cross sections were known. For the 180-micro­
gram/cm2 target, counts were taken at 2.6 Mev over a 
range of forward angles, where the cross sections would 
be expected to be within a percent of the Rutherford 
cross sections. The target thickness was obtained from 
a fit to the angular distribution by taking the C13 cross 
sections equal to the Rutherford cross sections and 

10 C. W. Reich, G. C. Phillips, and J. L. Russell, Jr., Phys. Rev. 
104, 143 (1956). 

11 All calculations were carried out with phase shifts obtained 
from a large-scale graph in C. W. Reich's Ph.D. thesis, Rice 
Institute, 1956 (unpublished). 
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using C12 cross sections calculated from the phase 
shifts. The thickness of the 416-microgram/cm2 target 
was determined by counting at 3.00 Mev and a labora­
tory angle of 165.0°, using a laboratory differential 
cross section of 73.6 mb/steradian for C12 obtained from 
the phase shifts and a laboratory cross section of 68.6 
mb/steradian for C13 obtained from the reduced ex­
perimental data taken with the 180-microgram/cm2 

target. While the number of incident protons was 
known in terms of the integrated charge to the Faraday 
cup, and the solid angle subtended by the counter 
aperture at the beam spot position was known, all 
cross sections were actually determined in terms of 
a standard cross section by this procedure. 

By the time the art of making very thin targets 
had been acquired, only material enriched to 37% C13 

was available. A 23.0-microgram/cm2 target of this 
material was used to take the elastic scattering data 
with the closely spaced experimental points in the 
regions of narrow structure at 2.74, 2.86, and 3.98 Mev. 
The proton energy loss in this target varied from 2.6 
kev at 2.74 Mev to 2.0 kev at 3.98 Mev. The target 
thickness was determined by counting at 3.00 Mev 
and 165.0° laboratory angle, as described for the 416-
microgram/cm2 target. 

It is difficult to assess the error in the differential 
cross sections. The error in calculating the C12(p,p)C12 

differential cross section from the phase shifts is esti­
mated to be about 3%. The error in the experimental 
determination of target thickness and that due to the 
uncertainty in the C13 fractional content of the targets 
were probably also of this order. A reasonable estimate 
of the errors in the absolute elastic scattering cross 
sections appears to be ±10%. Relative elastic scatter­
ing cross sections should in most cases be considerably 
more accurate. For example, since the C12(^)C12 cross 
section varies slowly with energy except in the neigh­
borhood of 4.8 Mev, the elastic scattering resonance 
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FIG. 1. Single-level curves for Cls(p,p)C13 calculated at 3.00 Mev 
with 0o=-60°, 0i=-15°, 0 2 =-5° , 0j=O for l>2. 

shapes should be quite accurately reproduced even 
though the absolute values of the cross-section differ­
ences are d= 10%. 

Energies were obtained using the Li7(^,^)Be7 thresh­
old, the Cu(p,n)W* threshold, the 4.265-Mev . 
C18(/>,/>')C18* resonance, and the4.808-Mev C12(p,p)C12 

resonance at 165° cm. as calibration points of a scale 
proportional to /2, where / was the frequency of the 
magnetometer proton-moment resonance. The un­
certainty in the proton energy in our final data is 
estimated as ± 5 kev from 2.6 to 4.26 Mev and to in­
crease to ±10 kev at 5 Mev. The data points were 
plotted at the proton energy midway through the target. 
All the energies are laboratory-coordinate-system 
energies. 

ANALYSIS 

Attempts to fit the elastic scattering data were made 
using dispersion theory in the single-level approxima­
tion. The method was essentially that described in 
reference 1 for the elastic scattering of deuterons from 
C12. Equation (1) of that paper was the basis of the 
analysis. Using the notation of that paper, I—%—\ so 
that 5 = 1 or 0. For 5=0, ms=mS' = 0. There are thus 
three fs

ms to be evaluated since / i + 1 and fr1 are equal. 
In principle, Eq. (1) of reference 1 is inadequate for 
the more complicated problem of two values of the 
channel spin, since it contains no terms representing 
transitions between them. It was hoped, however, that 
the objective of obtaining JT values could be accom­
plished without introducing these additional param­
eters. It chanced that a number of states that showed 
clearly in the elastic scattering data below 4 Mev be­
longed to the group 0+, 1~, 2+, etc., which could be 
formed only from 5 = 1 . Moreover, as a check on the 
analysis, we computed a fit to the data of Milne7 in 
the 0.4- to 1.6-Mev region where only the elastic scat­
tering channel is open. The results can be taken to 
indicate that the method is adequate. 

We were unable to investigate completely the possi­
bilities of the channel-spin dependence of the partial 
widths TisJr, which replace the TiJir of the simpler 
problem. For the resonances at 3.78, 4.04, and 4.14 
Mev, the Tn were taken equal to zero to be consistent 
with the C12(d,p0)C

lz analysis.1 Difficulties with the 
fits occurred in the 3-Mev region, where the assign­
ments 1~ and 2+ restricted the channel spin to 1, and 
above 4.1 Mev. It therefore appears probable that the 
presence of unknown levels and low partial widths 
caused the difficulties rather than the shortcomings of 
the method of analysis. 

The fits were obtained using an IBM 650 and later 
an IBM 704 computer. In the programs of Eq. (1) of 
reference 1, the terms independent of J, i.e., those con­
taining bn> with phases involving ai and <fo, were inde­
pendently summed, yielding the so-called "hard-sphere" 
part of the scattering amplitude. The "hard-sphere" 
phases cj>i were not allowed to deviate greatly from the 
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tabulated values of tan - 1 (Fz/Gz) on the assumption 
that anomalously large potential scattering would be 
expected to be / dependent and should be included by 
inserting resonant terms with large total widths. The 
values of <j>i used in the fits to the elastic scattering 
data between 2.6 and 5.0 Mev were those given by the 
following expressions linear in E, the energy of the 
incident protons in Mev: 

0 O =-17 .64E-1O.O, 

0 i = - 5 . 8 8 E + 9 . 3 , 

0 2 = - O . 5 5 5 £ - 2 . O 5 . 

In the fit to the Milne data: 

0 o = - l l £ - 3 , 
<f>i=-E. 

The first step in the analysis was to compute the 
line shape for each allowed combination of /, / , and TT. 
The results are shown in Fig. 1. The shapes were com­
puted at 3.00 Mev with <£0= - 6 0 ° , 4>x= -15°, 0 2 = - 5 ° , 
and </>z=0 for l>2. Since space did not allow the display 
of the effect of varying the proportions of Tio and Tn, 
the Tis/T were all taken equal to unity. For states 
that can be made with both channel spins and for pure 
elastic scattering, the extreme cross-section differences 
of Fig. 1 would be, for example, multiplied by f if 
Tn/T were 1, and by \ if Tio/T were 1. We found it 
important to begin by computing single-level curves, 
since the line shapes sometimes allowed a decision to 
be made between JT assignments and in many cases 
were a clue to the relative magnitudes of the partial 
widths associated with two possible / values. 

RESULTS 

0.4- to 1.6-Mev Region 

The results of the analysis of the Milne7 data are 
shown in Fig. 2. The parameters used in the analysis 
are listed in Table I. The experimental points were 
taken from Figs. 3, 4, and 7 in Milne's paper. The 
JT values confirm the assignments made by Milne, who 
reported a complete analysis only at the 0.55-Mev 
resonance. As a check on the method of analysis, the 
results are quite satisfactory since the computed cross 

TABLE I. Parameters used in the analysis of the C13(p,p)Cls 

data of Milne.a E0
Jir and V in the table are on the laboratory 

energy scale. 

E(N14*) £ 0
J* 

(Mev) (Mev) 

8.05 0.55 
8.61 1.155 
8.75 1.30 
8.90 1.465 
8.98 1.55 

a See reference 7. 

/ ' 
1-
0+ 
o-
3 -
1+ 

r 
(kev) 

36 
10 

300 
22 
8 

I 

0 
1 
0 
2 
1 

S 

1 
1 
0 
1 
1 

Tis/T 

1.00 
1.00 
1.00 
1.00 
1.00 

2 

< < rr 
UJ 
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FIG. 2. Results of the analysis of the Clz(p,p)Clz data of Milne.7 

The experimental data were taken from Figs. 3, 4, and 7 of 
Milne's paper. The parameters used in the fit are listed in Table. I. 

sections are within the error range given by Milne: 
± 8 % for the forward to ± 5 % for the backward angles. 

2.6- to 5.0-Mev Region 

The experimental differential elastic cross sections 
measured at c m . angles 39°, 90°, 125°, and 165° from 
2.6 to 5.0 Mev are shown in Fig. 3. The cross sections 
are in the center-of-mass system while the energies are 
laboratory bombarding energies midway through the 
target. The curves are fits obtained by the IBM 704 
computer using Eq. (1) of reference 1 with the approxi­
mations discussed in the preceding section. The pa-
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FIG. 3. The experimental C 1 3 (^)C 1 3 differential scattering cross sections at cm. angles 39°, 90°, 125°, and 165° at laboratory bom­
barding energies from 2.6 to 5.0 Mev, together with single-level dispersion theory fits using the parameters of Table II and the values 
of 4>i given in the text. 
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TABLE II . Parameters used in the fit to the C13(p,p)Cls exp 
2.6 to 5.0 Mev shown in Fig. 3. E0

J , r and V in 

£(N14*) 
(Mev) 

10.092 
10.21 
10.428 
10.52 
11.05 
11.240 
11.30 
11.39 

EQ
J* 

(Mev) 

2.743 
2.87 
3.105 
3.20 
3.78 
3.980 
4.04 
4.14 

/* 
l+(2+) 
1-
2+ 
1-
1+ 
3 -
2-
1+ 

r 
(kev) 

5.5 
94 
38 

150 
100 
12 

196 
32 

rameters of the resonances at 4.14 Mev and below as 
used in the fits of Fig. 3 are listed in Table I I . Reso­
nances were observed or must be postulated at 2.743, 
2.87, 3.105, 3.20, 3.78, 3.980, 4.04, and 4.14 Mev, No 
satisfactory assignments could be made above 4.14 
Mev, undoubtedly because of the density of states and 
the low proton elastic scattering partial widths. The 
assignments and widths will be discussed for the reso­
nances individually in the paragraphs immediately 
following. 

2.743-Mev Resonance 

There is no doubt that the assignment must be JT 

= 1 + or 2+ as can be seen from the single-level shapes of 
Fig. 1. In the analysis of the assignment / 7 r = l + was 
used with r i o = r n = r . If the experimental width and 
amplitude of the resonance are correctly given by Fig. 
3, then the 1 + assignment is correct, since Tn and Tio 
can be chosen for a quantitative fit with r n + r i o = r , 
the proton channel being the only particle channel 
open. This is not true of the 2+ assignment for which 
Tio=0 and T i i = r . However, the resonance must be 
investigated with extremely thin targets to rule out 
the 2+ assignment. There is an additional difficulty of 
interference with background that is not quite repro­
duced in the fit. For example, the experimental points 
at 125° show a dispersion shape while the fit shows 
only a dip, a discrepancy that probably indicates the 
need of including in the analysis a broad state such as 
0 + made with the same / ( = 1). 

2.87-, 3.105-, and 3.20-Mev Resonances 

These three resonances interfere strongly. The as­
signments 1~~, 2+ , and 1~ are unambiguous. Since / = / 
is parity-forbidden at all three resonances, the states 
cannot be formed from the 5 = 0 channel and the prob­
lem of the channel-spin dependence of the partial 
widths does not arise. However, all three states can be 
made with two I values, and a number of hours of 
computer time were devoted to fitting the data with the 
Tnj7r taken in varying proportions. The parameters 
given in Table I I for the fit of Fig. 3 were found su­
perior to any other combination tried. The greatest 
discrepancy with the experimental data lies between 

Omental differential elastic scattering cross sections from 
the table are on the laboratory energy scale. 

1 

1 
0,2 
1 
0,2 
1 
2 
2 
1 

S 

0,1 
1 
1 
1 
0 
1 
0 
0 

Tis 

See discussion under Resul 
r0i=o.62r; r2i=o.38r 
rn=i.oor ; r3i=o 
r0i=o.4or; r2i=o.6or 
ri0=o.49r; rn=o 
r21=o.86r; r4i=o 
r20=o.37r; r2i=o 
ri0=o.27r; r n =o 

the 2.87- and 3.105-Mev resonances at about 3 Mev. 
No combination of parameters brought the calculated 
cross sections up nearer to the experimental at 90° and 
125° just below 3 Mev without introducing peaks or 
dips at the resonances which were quite far outside 
experimental error. As mentioned in the discussion of 
the 2.743-Mev resonance, it is tempting to postulate a 
broad resonance due to a state of low / , such as a 0+ , 
which could be seen only in its effect on the magnitude 
of the cross sections. No states with J=0 are listed in 
Table I I although it seems reasonable to suppose that 
an interval two million volts wide would contain one 
or more. Some of the difficulty with the fit may arise 
from the use of a constant T for the 3.20-Mev reso­
nance. The neutron threshold occurs 40 kev (T/4) 
above the resonance energy, so that it might possibly 
improve the fit to use a smaller T below 3.24 Mev than 
is used above. 

The 2+ state at 10.428 Mev in N14* corresponding 
to the 3.105-Mev resonance is undoubtedly the 10.43-
Mev T—\ state corresponding to the capture reso­
nance4,12 in C 1 3 ( ^ , T ) N 1 4 at this energy. According to 
Willard, Bair, Cohn, and Kington12 the 7-ray data can 
only be explained with a 2+ assignment if the state is 
formed with 1=3. In the elastic analysis a value of 
T3i larger than about 0.05F results in a misfit at 165° 
which appears significant: Instead of a rounded top 
which characterizes the resonance in the experimental 
data in all runs, the fit exhibits a steep rise to a sharp 
break somewhat like the data at 39°. Perhaps a Tzi/T 
approximately equal to 0.05 is sufficient to explain the 
C13(^/y)N14 cross section and angular distribution at 
this resonance. However, according to Warburton,13 

various relative values of Tn and T3i could account for 
the 7-ray data. 

3.78-, 4.04-, and 4.14-Mev Resonances 

These resonances correspond to the states at 11.05, 
11.30, and 11.39 Mev in N14* which are seen as reso­
nances at E d - 0 . 9 2 , 1.19, and 1.31 Mev in C12{d,d)Cn 

and C12(d,po)C13. There is no doubt that the fit to the 
C13(p,p)Cw cross sections in Fig. 3 confirms the 1+ , 2r, 

12 H. B. Willard, J. K. Bair, H. O. Cohn, and J. D. Kington, 
Phys. Rev. 105, 202 (1957). 

13 E. K. Warburton, Phys. Rev. 113, 595 (1959), p. 601. 
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and 1+ assignment from the C12(d,d)C12 analysis.1 It 
would have been difficult or perhaps impossible to 
make the assignment from the elastic C13(p,p)Cn data 
alone. The use of Tzi=0 in the fit of Fig. 3 likewise is 
confirmation of the conclusion from the C12(d,̂ >o)C13 

analysis that these states decay and therefore should 
be formed only by channel spin zero in the proton 
channel. In view of the shell model of the C13 ground 
state, channel-spin-zero states appear to be np triplet 
spin states. The conclusion that there are three such 
states close together is interesting. It would be inter­
esting to determine the upper limits to the magnitudes 
of the Tn consistent with the elastic scattering data. 
The solid and dashed curves of Fig. 3 differ in the 
parameters of resonances included between 4.2 and 5 
Mev. It is clear from comparison of the two curves 
that the fit over the 3.78-, 4.04-, and 4.14-Mev reso­
nances is sensitive to the parameters of the resonances 
above 4.2 Mev, and that a quantitative fit over the 
whole energy interval is needed to determine the upper 
limits of the Tn. Nevertheless, because of the relative 
statistical weights (25+1) of the two channel spins, 
magnitudes of the Tn approximately the same as those 
of the TIQ are ruled out, as can be seen by comparison 
with the cross sections of Fig. 1. 

3.980-Mev Resonance 

The state with / 7 r=3~ corresponding to this narrow 
resonance can be formed only by channel spin 1. There 
can be no interference with the broad 2~ state corre­
sponding to the 4.04-Mev resonance if the latter can 
be formed only by channel spin zero. The experimental 
cross sections appear to be additive. The fact that this 
state does not show up as a resonance in C12(d,^o)C13 

could possibly mean that T=l, but the argument is 
weak since the deuteron partial width would be ex­
pected to be small because of the barrier for a 1-Mev 
deuteron with /=3 . 

4.265-Mev Resonance 

Attempts to detect a resonance in the elastic scatter­
ing cross section at this energy failed, although the 
resonance was found with a peak cross section of some 
20 mb in the inelastic scattering reaction C13(^>')C13* 
(Q= -3.09 Mev). 

4.2- to 5.0-Mev Region 

The dashed curve of Fig. 3 represents a fit calculated 
on the assumption that there are no resonances above 
4.14 Mev, and the solid curve on the assumption that 
there are three resonances at 4.40, 4.53, and 4.70 Mev, 
due, respectively, to states with JT=T~~ (T = 240 kev, 
r0i=0.2, r2i=0.6), / * = 0 - (r=160 kev, r0o=0.64), 
and 77 r=l- (T=160 kev, Toi=0.20, r2i=0.64). The 
assignments are clearly wrong. The difficulty lies partly 
in the fact that the experimental evidence3 on the num­
ber, positions, and widths of the resonances is some­
what conflicting and partly in the absence of quantita­
tive estimates of reaction partial widths, which can 
only be obtained from fairly complete knowledge of 
the energy dependence of total reaction cross sections. 
Information on the detailed energy dependence of the 
C13(^,w)N13 total cross section would be especially 
desirable. 

Reduced Widths 

The reduced widths for proton emission of the states 
in Table II were calculated and all found to be of the 
order of a percent of the Wigner limit. 
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