
Levels of 0 near 13 MeV excitation from N+p reactions 

K.H. Bray, A.D. Frawley, T.R. Ophel 

Department of Nuclear Physics 

and 

F.C. Barker 

Department of Theoretical Physics 

Research Scl.ool of Physical Sciences, The Australian National 

university, Canberra, ACT 2600, Australia. 

Abstract: Angular distributions, a 0° excitation function 

and Doppler-broadened Y-ray profiles for the reaction 

15 15 

N(p,cijY), and angular distributions for the N(p,ao) 

reaction, have been measured for proton energies from about 

900 to 1250 keV. These data, together with analysing powers 
15 -> from the N(p,a ) reaction, have been satisfactorily fitted 

by means of R-matrix theory, in terms of the known levels of 

x o O in the 13 KeV region together with background contributions, 

15 15 
NUCLEAR REACTIONS N(p,a Q), Nlp^Y) E = 0.9 - 1.25 

MeV; measured o(Ep,0), Doppler profiles, 0 deduced levels, 

J, ÏÏ, r. Enriched target. 
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1. Introduction 

Although resonances in -'N+p reactions have been 
studied extensively Tor incident proton energies between 
about 900 and 1200 keV, some doubts remain regarding the 
identification of the levels in 0 that are involved in 
the various possible decay channels. Two levels, a 2 
state at 12.97 MeV (E = 898 kcV) and a 3~ state at 
13.26 MeV (E = 1210 keV), have relatively narrow total 
widths and can be clearly identified in the allowed 
decay channels. A broader 1~ level at 13.09 MeV 
(E = 1030 keV) is well defined in the 15N(p,Y ) 
reaction . Early measurements of the angular distributions 
of the JN(p,a ) reaction showed strong asymmetry 
about 90° in the region between 900 and 1200 keV. Iiebbard*' 
sought an explanation of the asymmetry by proposing a 0 
level and a 2 level, which would interfere with the 

- 12 ri) 

known 1 and 3 levels. Subsequently, from C+a reactions-", 
a 2 + level was found at 13.02 MeV (E = 950 keV) but no 
evidence was found for the proposed 0 level. Also from 
these reactions, a second relatively broad "}" level was 
found at 13.13 MeV (E = 1070 keV). The role of these 
2 and 3" levels in the JN(p,a ) and -^(pjcO reactions 
lias not been examined in detail. 

Measurement of complete angular distributions of 
theî a-particles from the -^(p,^) reaction is impracticable 
in this energy region because of the low a-particle energy. 
Related information can be obtained, however, from the 
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yield and angular distributions of the Y-rays from the 
^N(p,a..Y; reaction, and from the Dopplor-broadoncd 

'i.'l3 McV Y-ray profiles, which are determined by the a. 

angular correlation function for a particular angle of 

observation of the Y-ray. 

The -^(p.a-Y) yield is dominated by strong 
resonances at 898 and 1210 keV, with a much weaker 
broad rcsonacc at about 1080 kcV. Prior to tJie discovery 
of the 3 level at 1070 keV, this weak resonance was 
associated with the 1~ level observed at 1030 keV in both 

15 / ^ 15 / \ the vN^p,a ; and ^N^p,Y ; reactions, the shift in 
energy being attributed to interference effects since 
Coulomb barrier corrections are too small to account for 
tiie difference . Later Cloud and Ophcl ' measured the 
Y-ray profiles to investigate the possibility tliat the 
3~ level at 1070 keV was involved in the ^(p.CLjY) 

reaction since tiie apparent energy discrepancy could 
then be readily accounted for. The measured profiles 
were interpreted to confirm that the weak resonance was 

in fact due to the l" level rather than the 3 level '. 

On the other hand, a preliminary re-analysis of the 
available JN(p,a ) data ' in terms of the known levels 

o 
in the region, i.e. the l" at 1030 keV, 2* at «50 kcV 
and 3" at 1070 and 1210 koV, which gave qualitative 
agreement with the data, suggested that the 3 15 / \ contribution to tho N\pt&-.i) reaction in the region 

of 1080 koV should be comparable with the 1 contribution. 

Little information is available concerning Y-ray 
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ajigular distributions from the NvP»ai*W roaction. 

Angular distributions have been measured at the 898 keV 

7 8) 7—QÏ 
resonance ' and at the 1210 keV resonance • At 

8yfi keV, the Traction or channel spin 0 is round to 

7 8 ) + 
be'' ; x = O.58-O.O3. The Y-ray profiles measured at 

this resonance ' ' {*±ve, however, x :>, 0.8. 

These discrepancies suggest that furtlicr iiicasurcincnts 

of both the -*N(pta ) and
 JN(p,a..Y) reactions would be 

desirable for a thorough quantitative analysis. The 

present measurements aimed to obtain the Y-ray total 

cross section and angular distributions between about 

900 and 1250 keV, and to re-measure the Doppler-broadened 

profiles with improved beam resolution. Also angular 

din tribut ions of the -^(p^a ) reaction were rc-measurcd. 

The experimental procedure and results of thcte 

measurements are given in sects. 2 and 3. Sect. /» 

describes the analysis of these data, together with data 

i n . » 

on the analysing p^wer of the ^N(p,a ; reaction, by 

means of R-matrix theory. The resultant predictions 

and 0 level properties are discussed in sect. 5. 
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2. Experimental procedure 

2.1. -7J(pta-Y/ measurements 

A proton beam from the ANU 2 MeV Van de Graaff 

accelerator was used to bombard targets of melamine , 
•/ 1") enriched to °8/* in N. Gamma-ray angular distributions 

were measured using two targets with effective thicknesses 

of 6 keV and 68 kcV (found by measuring excitation 
functions over the narrow 8<?8 kcV resonance) deposited 
on 0.15 cm thick copper backings, which were water cooled. 

The angular distributions were measured with a shielded 
12.7 cm x 10,2 cm sodium iodide detector mounted on a 
rotating table at a distance of 33 cm from the target. 
A second de hector was fixed at 120 wilh rcspocL to the | 
beam direction to monitor the yield of the k,U3 MeV 
Y-rays. The thick target yield was sufficiently large 
to allow direct scaling of selected energy windows of 
the detector outputs. With the thin target, spectra of 
both the rotating and monitor detectors were recorded 

enabling corrections to be made for time-dependent 

backgrounds and for a small contribution from the 
19 / \ 
Fyj,aYj reaction within the selected energy windows. 

A 0 excitation function was measured with the thin 

t 
Obtained from Isomet Corp., New Jersey, U.S.A. 

• ^ I ^ M 
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target. Beam currents were limited to 0.1 uA to 
minimize target deterioration. On the basis of repeated 
measurements between 1000 and 1.100 kcV, the target 
appeared to be stable under bombardment with these low 
beam currents. The beam energy was measured with a 
precision generating voltmeter, calibrated at the 
8y8 keV resonance. 

Two scries of Dopplor-broadened Y-ray profile 

measurements were made with a target consisting of 

melaminc of thickness about 1/j keV (at E = 1200 keV) 
p 

on a thin self-supporting carbon foil. The profiles 
were measured witli a J|0 cm Ge(Li) detector at 0 and 
at a distance of 5 cm from the target. The beam was 
stopped on a clean platinum foil l.'J cm behind the 
target. TJie single-escape peaks of the spectra were 
used to obtain the profile shapes because the backgrounds 
linder them appeared to be smooth. Because of the low 
count rates in the single-escape peaks, profile 
measurements were restricted to five energies in eacJi 
series. A measurement at E s l6/|0 keV was included, 
because the very characteristic profile found at this 
1 resonance provides a good measure of the experimental 
resolution» 
2.2. ^N(p,a ) measurements 

Angular distributions of the N(p,a ; reaction 
were measured with the same target as was used for the 
profiles, but at hrj° to the beam so that the effective 
target thickness was about 20 kcV. Target stability 
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was maintained by limiting beam currents tu 0.0/» (iA, and 
checked by measuring the yield with the monitor detector 
at £ = 1210 kcV between angular distribution measurements. 
The beam energy calibration was obtained from the position 
of the 1210 kcV resonance peak, after allowance for target 
thickness. 

The angular distributions were measured in a 23 cm 

diameter scattering chamber. Tliree surface barrier 

detectors, mounted 30 apart, were rotated about the 

target and a fourth fixed detector was used to monitor 

the yield. 

3. Results 

lr) i \ 
3.1. -\Nvp,a.,Y/ measurements 

The measured -'N(p,a1Y/ angular distributions arc 

shown in fig. 1. The curves give Legendre polynomial 

fits, obtained by expressing the differential cross 

section as 

do 
d/l • 

w(©Y) = 

Un "V*V 

L 

L=0 
b T P.(cos « v) , b » 1 L I / Y o 
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+ 12 
Because the Y-ray is emitted by the 2 state of C , 
one Jias L = i| and only even values or L contribute, max 
Valuos of the b, wore obtained by least squares fits 
to the measured angular distributions, after correction 
for finite detector geometry. Values of o were 
then obtained from the measured excitation function, 
with the overall normalization taken from o. . = (27O-25) 

tot * •" 
mb at the 1210 keV peak 1 1' 1 2'. 

Resultant values of a. . and b. are shown in 
tot L 

fig. 2. Table 1 also gives the values of b. in comparison 
with earlier measurements at the two prominent peaks. 
The ratio of the integrated yields for the 1210 and 898 
keV peaks obtained here is 3*8, in good agreement with 
previously obtained values of 3.8 (ref. 13) and i».l-0.5 
(ref. 12). The 159.5° excitation function of Dashkin 
et al. , in comparison with the excitation function 
at this angle calculated from the above values of a 

and b,, has a similar shape but a 1080 keV plateau about 
15% higher in relation to the 1210 keV peak. Likewise 
the total cross section given by Rolfs and Rodney 
has a similar shape to 0 . in fig. 2; however, it is 

vO v 

higher between the 898 and 1210 keV peaks, the 1210 keV 
peak appears to be appreciably broader and the ratio of 
integrated yields of the 1210 and 898 keV peaks is 
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much larger 

The Doppler-broadencd single-escape peaks of the 
f».'»3 McV Y-ray spectra arc shown in fig. 3» Each 
profile is obtained by subtracting from the observed 
Y-ray spectrum a linear background, fitted to the 
Compton electron distribution flanking the single-escape 
peak. After allowance is made for energy resolution, 

the observed profile may be fitted ' to obtain values 
i of the coefficients b, in the a-particle angular 

correlation function (for the Y-ray detected at 0 ) 
L« 
max 

L=0 

t 
Alternatively values of b. calculated from fits to 
other data may be used to calculate profile shapes, 
which may be compared with those measured. The 

experimental energy resolution was obtained from the 

10/|0 keV profile by assuming a pure 1 shape, with 

t 
These discrepancies may be attributed to a 

distribution of N in the Ti-N Ta-backcd targets used 
by Rolfs and Rodney ' that is sharply concentre ted 
near the surface but lias a long tail extending deeper 
into the target, with a concentration of a few per cent 
of the maximum concentration. Such a distribution is 

l'j / \ strongly suggested by the shape of their -'N(p,a1Y) 
cross section near the J»29 keV peak. 
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the channel split mixing ratio taken to Tit observed 
9 lr>) angular distributions * J , 

3*2. ' JN(p,a ) measurements 

The measured N(p,a ) angular distributions are 
shown in Tig. /», together with the corresponding Legendre 
polynomial fits. The coefficients are defined by 

M 

da " hn " V*V * 
L" max 

f ( V - L bL P L ( c o s 0 a> ' b o - X ' 
L=0 

Terms beyond P, were not required to f i t the data. 
Il M 

Resultant values of 0. . and b, are shown in fig. 5. 
tot L ** J 

it 

The normalization of O. . is explained in the next 
tot r 

section. 

l\. Analysis 

The total cross sections and angular distribution 
l i t . v IS / \ coefficients for the "^(pfd ; and ^N^p^.Y; reactions 

and the profile coefficients may be expressed ' '' in 
Jn n 

terms of collision matrix elements U . , where J 
cc 

specify the angular momentum and parity of the 
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intermediate O state, c H asi denotes the incoming 
1 *> ( JN+p) cJ tunnel with a labelling the pair of particles, 
s the channel spin and t the relative orbital angular 

momentum, and c' correspondingly denotes the outgoing 
12 ( C+a) channel. 

Since the analysing power for the reaction 
-,N(p,a ) with polarized protons can also be expressed 

J71 

in terms of the same U , , and since analysing power 
19) t 

data became available while this analysis was in 
progress, it was decided to include analysing power 
coefficients a, in the fits. 

j 7 1 

The energy dependence of the U , is assumed to be 
17) given by R-matrix theory in terms of the eigenenergies 

J 7 1 J U 

Ê . and reduced widtli amplitudes Y^ , where \ labels 
% the levels of given J . Values of the channel radii a «-* c 

and boundary condition parameters B must also be 
specified. 

Various selections of data were used at different 

stages of the fitting procedure. In the final fits, the 
1*5 / \ following data- were used. For ^N(p,a.,Y) the present 

values of 0. . and b.(L = 2,/j) as shown in fit. 2, with 
tot As 

the errors indicated there, were included for E between 
i 9/l5 and 1229 keV. The profile coefficients b L were not 

included, except that some level parameters were chosen 

to make the calculated profile asymmetries similar to 
" lr> / \ those observed. Values of o. . for the -̂ N(p,a ; reaction tot o' 

obtained from the excitation functions of Hagedorn and 
3) Marion worn used, with slight changes in their energy 

Wo are indebted to L. Drown for sending us these 

data in advance of publication. 
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scales at some angles in order to got agreement with the 

angular distributions they give, and with an overall 

reduction of the energy scale by 5 keV to make their 

energy calibration consistent with the present N(p,a..Y) 
n 

measurements. The normalization of O. . was taken as 
tot 

(38C±50) nib at the 1210 keV peak 1 1). These values of 
•1 

o . and the assigned errors arc shown in fig. 6. The 
»» 

present values of 0 . shown in fig. 5 were not used 
initially, because the 20 koV target thickness (compared 
with Hagedorn and Marion's 3 keV) appreciably distorts 

it 
the shape of 0 near the 1210 keV resonance. On the 

it 
other hand the effect of target thickness on the b. 
coefficients is mainly to shift the energy scale by half 

the target thickness, so we have used the present values 
M 11 

of b, with a 10 keV shift in energy. These b values 
differ from those obtained from the data of Hagedorn 

3) and Marion mainly at the higher energies. These 
11 11 

values of 0. . and b. (L = 1-f») were fitted for E from 
lOt Li P 

928 to 1253 keV. The ^N(p,a ) analysing power 
19) coefficients a, of Pepper and Brown ' had been obtained 

11 
on the basis of JIagodorn and Marion's b. values; for 
consistency we have roanalyscd Pepper and Brown's 

analysing power angular distributions with our values 
11 

of b. , and obtainod only slightly different values of 
a.. These values of a,(L = 1-3) for E between 920 and 

Li LI P 
1210 keV were included in the fit. 

For the channel radii, the conventional value was 
chosen for the -'N+p channels a = 1.Z»5(A/ J + A 2

 J ) fm = 
12 12 * 5.03 fm, while for the C+a and C +a, channels we o 1 
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20 ) U 

took a = 5.5O fm . For each J , the boundary 
condition parameters D were chosen to equal the shift 
factors S (E) at the energy of the most significant 
level of that J in the channel c. This was not 21) necessary but gave best convergence in the fitting 
procedure. These values of B are given in table 2. 

In principle, an infinite number of levels of each 
J should be included in the R-matrix formulae. In 
practice, one assumes that only a small number contribute, 
We have included the five known levels in the region, 
together with the 1~ level at 12.l,!t MeV (E = 338 keV), 
which is known to interfere strongly with the 1030 keV 
1 level, and also broad background levels with 
J = 0 , 1 , 2 , 3 and 2 . Each background level is 
intended to represent all levels of the same J that 
are not included explicitly. The R-matrix formulae 
involve sums over all channels, open and closed. We 
neglect all closed channels, and all p and a-, channels 
except those with the lowest i-value. 

The best simultaneous fit to the data is 
illustrated in figs. 2,5,6 and 7» and" predictions from 

the best fit parameter values are shown in figs. 3» 5 
it 

and 8. The measured values of b. in fig. 5 wore 
11 

included in the fit but the values of o. . were not. 
tot 

The curves in fig. 5 were obtained by smearing values 
calculated for the best fit parameter values over a 
target thickness of 20 keV. The measured values of 
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O, were normalized to give best agreement with the 

smeared curve. The experimental values of o that 

were included in the Tit are compared with the 

calculated values in fig. 6. Fig. 7 shows the 

experimental analysing power coefficients and fits. 

The parameter values for the best fit arc given in 
table 'J. Some of the values, indicated by asterisks, 
were fixed by external requirements. Since the purpose 
of the background levels was to provide more or less 
constant contributions in the region being fitted, the 
eigencnergy for each was fixed at 15 MeV, and some of 
the background reduced width amplitudes were also 
fixed (in some cases after variation was allowed in 
earlier fits). Parameter values for the lowest 1 level 

1 r* 1 r* 
were chosen to fit available -^(pjd ), JN(p,Y ) and 
12 

C(a,Y ) total cross section data, the ratio of the 
a. and a reduced width amplitudes being taken 
approximately the same for the 338 keV level as for 
the 1030 keV level (in accordance with a two-level 
isospin .nixing model of these two levels). The a. 
reduced widtli amplitudes of both 2 levels were chosen 
to make the calculated profile asymmetries at 1010 and 
IO78 keV similar to those observed. The parameter 
values for the lower 2 level were chosen to fit 

1 12) observed properties ' ' and the present angular 
distribution coefficients b, at thn 898 keV peak. 

No significant improvement in the fit was obtained 



by varying the reduced width amplitudes marked as .fixed 
in tabic 3t or by allowing non-zero values of the 
reduced width amplitudes Tor p and a channels with 

22 ) higher I-values. Small asymmetries observed ' in 
15 / \ the N(p,Y ; angular distributions near the 1030 keV 

22) resonance have been attributed ' to a non-zero d-wave 

proton reduced width of the 103O keV 1~ level, but this 

was not required by the present data. 

5« Discussion 

Fig. 8 shows the energy dependence of the predicted 
profile coefficients b., and fig. 3 the comparison 
between the measured and predicted profiles. There is 
good agreement' at E = 898 keV, where the narrow 2 
level is dominant, the fraction of channel spin 0 being 
fixed at x = O.55 to fit the observed angular 
distribution coefficients b,. The larger values of x 
obtained previously ' ' from fitting profiles are 

thought to be due to the lower energy dispersions used 
t 

in those measurements. The predicted coefficients bj 
do not change rapidly with energy in the range 
1000-1210 keV, so it is difficult to explain the 
difference in the measured profiles at 1200 and 1210 keV. 
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Since experimental difficulties are more likely to 

re«luet: tJie central dip rather than enhance it, the 

1200 keV profile is probably the better representation 

of the profile at the 1210 keV peak. The pro«lic ted 

b,, value of O.72 is appreciably loss than the value of 

0.^2 for a pure J~ contribution. At E <* IO80 keV, the x P 
t 

pr«"!dicted value of b 0 is 0.7b, intermediate between 

the 3 value and the pure 1 value of 0.50. The 

predicted '} contribution to the total cross section of 

the JN(p,tt1Y) reaction at this energy is about thr. •: 

times the 1 contribution. The 1 - 3 interference 

term is small at this energy; however, it is responsible 

for the dip in b„ at £ « II50 keV, where the 3~ 

contribution to O. . is 13 times the 1 contribution. 
tot 

f 

The b- coefficient is due entirely to interférence 

between the 2 and the 1 , 2 and 3 levels. 

Comparison of the level parameter values in table 3 

wltJi earlier values is not straightforward. IJebuard'' 

gave values of R-matrix parameters for the lower two J 

levels, but for different values of a, and B,. Otiier 

fits ~ used one-level approximations, ignored the 

energy dependence of the shift factors S and penetration 

lac tors P , and gave values ol' partial width» rather 

than of partial reduced widths. Some comparison with 

those values may be obtained in the following way. 

Starting from the level parameter values in table 3t 
'»I ) 

which correspond to the B, values in table 2, we obtain""' 
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Tor each level X (for given J ) the set of level 

parameter values that gives exactly tlie same fit to the 
J71 

data for B = S (Ê . ) . We then approximate by treating 

each level independently, and us« the <• no-level 

approximation to calculate the partial observed widths 

The resultant values (for the non-background levels) 
are given in table I4 and compared with previous values 
(converted from lab to cm system where necessary). 
There is reasonable agreement except for the 2 level. 
The difference appears to be due to the effect of the 

2 background level - if the 2 contribution to the 
l*i / \ 
N(p,a ) total cross section calculated from the two 

2 levels is fitted in the neighbourhood of the peak by 
a one-level approximation, one obtains E ss I3.O5 MeV 
and I' "-i 19T» keV, in good agreement with previous 
values 5' 2 3*. 

A further comment on the parameter values in 
table 3 (or table k) is that the a and a, reduced x ' o 1 
width amplitudes for the first and second 3 levels 
satisfy fairly well the requirement of a two-lovcl 
isospin mixing model, that Yg / Y i a = Y2a / ^ l a 

0 0 1 1 
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Table 1 

Gamma ray angular distribution coefficients 

from the ,N(p,ay ) reactior 

(kcV) 
898 0.26 Î 0.02 0.28 ± 0.02 

9VJ*' 0.25 ± 0.02 0.01 - 0.03 

°70 U' 0.16 i 0.02 0.02 * 0.02 

983 0.18 i 0.01 0.01 i 0.01 

993 0.19 i 0.02 -0.03 i 0.02 

1008 0.21 - 0.01 -0.0/, t 0.01 

1023 0.26 - 0.01 -0.15 - 0.01 

1033 0.31 - 0.01 -0.1/, - 0.01 

IO58 0.35 - 0.01 -O.23 * 0.02 
v.«») + ~ ~, ^ „. + 1070 ' O.Z,5 - 0.01 -0.2<> - 0.02 

1108 0./,l - 0.01 -0.33 - 0.01 

1158 o.z»5 - 0.01 -0.37 - 0.01 

120.-3 0./,5 - 0.01 -O.3/1 - 0.01 

898 e ' 0.26 i 0.03 0.29 i 0.01 
d ' 0.21 O./4O 

1210°' 0.39 - 0.0/» -O.3O * 0.0J 
d ' o./i7 -0.27 
c ' 0./1.5 - 0.01 -0.30 - 0.01 

a) Effective proton energy (corrected for target thickness). 
t>) Measured with 6 koV thick target. Remainder measured 

with 68 keV thick target. 

c) Ref. 8) 

d) Rof. 9) 

o) Ref.10) 
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Table 2 

Values o f boundary c o n d i t i o n parameters 11 

r oH r> + 

J> 

a 

a., 

•1 .33« 

•O.232 

-3 .196 

- 0 . 6 7 1 

•0 .313 

•2.^,0/, 

- 1 . 3 7 9 

- O . 3 5 3 

_2 . I ' l l 

-O.925 

• 2/|3 

-2 .30Ö - 2 . 6 2 9 



Table 3 

Values of level parameters for best fit, 
for B values given in table 2 (all energies 
are in MeV, reduced width amplitudes in MeV-) 

.rt 

.Tt 
15.0* 12.3* 13.088 15.0* 12.939 15.0* 13.0Z»! 13.261 15.0* 1<:.967* 15.0* 

'Xc 

>(s=0) 0.257* -O.294 

( s= i ) 0 .5* -0 .582* 0.552 0.152 0.105 - 0 . 0 3 * O.306 0.430 O.706 0.232* 0 .5* 

a 2.11 0.109* O.0684 0.413 0.260 O.852 0.188 -O.O578 O.I69 

a i 0.0* 0,130* O.O672 -0.453 0.1* 0.6* -O.723 0.252 -1.0* 0.122* 1.21 



Table h 

Values of b e s t f i t l u v o l p a r a m e t e r s f o r 

B = S (E^ ) , and a p p r o x i m a t e p a r t i a l o b s e r v e d 

w i d t h s f o r c o m p a r i s o n w i t h p r e v i o u s v a l u e s ( a l l 

e n e r g i e s a r e i n MeV, r e d u c e d w i d t h a m p l i t u d e s 
i 

i n MeV", p a r t i a l w i d t h s i n keV) 

J 

X 

D 

r v -1.123 -0.671 -J.379 

tt0 -0.37° -0.3H3 -O.553 

, a l -3.109 -2.50/, -2.322 

-2.I9I -2.1/»1 

-0.965 -0.925 

-2.'»65 -2.308 

12./,', I3.O9 12.9'» 13.1' 13.26 

1 a i 

-o./,7Z, 0.552 

0.129 0.008 

0.128 O.O67 

r 
1.0 111 

r2. r 83 26 r 0.008 0.3 

n 8/, 137 

0.105 0.317 0./,30 

0.2Ô0 0.109 -O.O58 

0.100 -0.62/, O.252 

0.8 1.2 /,.o 

300 107 13.0 

0.8 33 9.5 

362 1/,1 26 

Previous values 

£ 

n. 

r 
Rcf. 

P 

a. 

0 

12./,3 13.09 

1.0 9h 

87 37 

0.02/, •1 

88 131 

'•) U) 

13.15 

0 

180 

small 

180 

23) 

13.13 

1 

80 

20 

100 

23) 

13. 25 

/». 2 

9 .8 

7 ,0 

21 

'1) 
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Figure captions 

Fig. 1 Angular distributions of the k.k3 MeV Y-rays from 
the N(p, a,y) reaction for the thick target. The 
solid lines are Legendre polynomial fits to the data. 
The indicated proton energies have been corrected 
for target thickness. 

Fig. 2 

Fig. 3 

Fig. li 

Total cross section and angular distribution 
coefficients for the JN(p,nt-Y) reaction. The 
experimental points (with error bars where errors 
exceed the size of the points) are from the present 
measurements. Proton energies have been corrected 
for target thickness effects. The solid curves are 
best simultaneous fits to these JN(p, ce-, Y ) data, 
together with data from the N(p, a ) and ",N(p,n[ ) 

reactions. 

15, Doppler-broadened Y-ray profiles from the N(p,a,Y) 
reaction, at the proton energies indicated and with 
background subtracted. The solid lines are predictions 
from best fits to other data. 

15 Centre-of-mass angular distributions of the N(p, rx ) 

reaction. The solid lines are Legendre polynomial 
fits to the data. The indicated energies are actual 
beam energies. 

I 
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I'M (jure captions (continued) 

Fig. 5 Total cross section and angular distribution 
coefficients for the N(p,-r ) reaction. The 
experimental points (with error bars lor b. where 
errors exceed the size of the points) are from the 
present measurements. lVoton energies are actual 
beam energies. The solid curves are obtained 
from the best simultaneous fits to these b values 
and to other data from the N(p, a, )» N(p,a ) and 

NlptOuY) reactions by smearing the calculated 
curves over the target thickness of 20 keV. 

1*5 Ivi/;. (> Total cross section for the N(p,rf ) reaction. 

Tlie experimental points (witii errors Jess than the 

size of the points) are from the measurements of 
3) Hagedorn and Marion . The solid curve is the best 

it 
simultaneous fit to these a, . values and to other 

tot 
data from the 1 5 N ( p , a o ) , ^ ( p , a()) and 1 5N(p, O^Y) 
reactions. 

Vi ft, 7 Analysing power coefficients for the N(p,nr ) 

reaction. The experimental points are from the data 
19) of Popper î*nd Drown and are corrected for target. 

thickness effects. The error bars indicate errors 

twice the size of those given by Pepper and Mrown, 
to take account of errors in the cross section data. 
The solid curves are best simultaneous fits to these 
a. values and to other data from the ""'N(ptnr ) ami 
15, (p»nr,r) reactions. 
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Kigure captions (continued) 

Kig. 8 Coefficients Tor the Doppler-broadened Y-ray 
15 . . prol"ilos from the N(p, cr,Y) reaction, predicted 

from the best simultaneous fits to data from the 
JN(p,a o), "rt(p,ot)and *JN(p,a1Y) reactions. 
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