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Abstract : The strengths of selected resonances in the range Ep = 0.5-

2.0 MeV in the (p,y) reactions on 2 6Mg, 3 0Si, 3 l |S, 3 7C1, 3 9 K and 4 0Ca 

have been found relative to the E p = 632 and 992 keV resonances in 
2 7Al(p,y) 2 8Si by relative yield measurements. Targets were made from 

mixtures or chemical compounds such that each contained at least two 

of the isotopes of interest and their chemical composition was deter

mined by Rutherford backscattering of cx-particles. Absolute 

measurements were conducted on the selected resonances in 2 7Al(p,Y) 2 8Si 

and 3 0Si(p,Y) 3 1P by semi-thick target and thin target techniques 

with the target thickness, needed for the latter technique, found by 

Rutherford backscattering of protons. Absolute strengths for all 

of the resonances treated, together with one from each of 2 3Na, 3 1 P 

and 3 5C1, reported in a previous paper, were deduced by normalizing to 

the absolute measurements on the 2 7Al(p,y) 2 8Si resonances. 

NUCLEAR REACTIONS 2 6Mg, 2 7 A 1 , 3 0Si, 3 4 S , 3 7C1, 3 9K, k0Ca{p,y), 

E = 0.5-2.0 MeV; measured a(E). Deduced resonance strengths. 

Natural and enriched targets. 
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1. Introduction 

Serious discrepancies exist between measurements of (P,Y) 

resonance strengths reported in the literature 1 — 1°J. in a previous 

paper J 1 ) , referred to hereafter as I, we reported a series of 

relative measurements of (p,y) resonance strengths between different 

nuclei that were made in an attempt to understand some of the 

disagreement. The nuclei that were studied were 2 3Na, 2 7Al, 3 1 P , and 
3 5C1, and composite or chemical compound targets were employed, each 

containing at least two of these nuclear species. The measurements 

were made by the method of Engelbertink and Endt 1 2^ which involved 

comparing the thin taiget yields of v-rays from the chosen resonances 

for the individual nuclei. Target composition was determined before 

and after the yield measurements by Rutherford bacfcscattering of 

a-particles. These measurements produced results in serious 

disagreement with the results of the comprehensive network of comparisons 

conducted by Engelbertink and Endt 1 2 ) . These authors did not report any 

measurements of target composition, but relied on the internal 

consistency of their results as sufficient verification that the 

?toichiometry of their targets was the same as that of the chemical 

compounds used in their preparation. From the target analysis measure

ments in I, we were able to demonstrate that this assumption was not 

valid in the case of at least some of the compounds they used, and we 

could account for the disagreements in terms of the stoichiometric 

variations that we observed. 

Engelbertink and Endt 1 2 ) used their relative measurements to 

produce a set of absolute strengths for one resonance \T) each nucleus 



of their network by normalizing to an absolute measurement made by 

resonance absorption on the E p = 620 keV resonance in 3 0Si(p,y) 3 1P 1 3 \ 

Although the resulting strengths were in generally poor agreement with 

independent absolute measurements, they have been used as standards for 

the normalization of published experimental results for virtually all 

of the nuclei that were treated 1 1 +-16) Since it is clearly desirable to 

update this set of standards, we have now extended our network to include 

each element in the range Z = 11-20, omitting argon. Because we know of 

no process whereby the relative isotopic abundances of an element could 

change significantly as a result of evaporation or bombardment, we believe 

the relative strengths between resonances in isotopes of any one 

element by Engelbertink and Endt to be reliable, and have accordingly 

limited our network to one isotope of each element, except for chlorine, 

for whit_;» both naturally occuring isotopes were included. 

In addition we have conducted absolute measurement* of 

the strengths of the E p = 632 and 992 keV resonances in 2 7A1(p,y) 2 8Si 

and the 620 keV resonance in 3 0Si(p,y) 3 1P both by the semi-thick 

target technique and by comparing the thin target y-ray yields with the 

yields of Rutherford backscattered protons. These new results for 

the resonances in 2 7Al(p,y) 2 8Si are used for normalization of the 

relative strengths within our network to give absolute values for the 

strengths of all of the resonances studied. The absolute measurements 

on the 3 0Si(p,y) 3 1P resonance served as a check on our relative data, 

and also gave a direct comparison with the standard absolute strength 

used by Engelbertink and Endt 1 2 ) . 



2. Experimental Procedure 

2 .1 . RESONANCE STRENGTHS 

Resonance s t r eng ths a re found from v-ray y i e ld measurements 

with the formula 1 7 ^ 

S = 
A + 1 

2 m p e N Y 

( 2 J p • 1 ) ( 2 J t • 1) 
T T 2 ^ Q tx 

where A is the mass number of the target nucleus, J p and J t are the spins 

of a proton and the target nucleus respectively, mp and e are the mass 

and charge of the proton, Er is the proton resonance energy in the 

laboratory system, Q is the collected charge, and ̂ t is the efficiency 

for detection of y-rays from deexcitation of the resonance. 

For semi-thick target analysis, 

N Y = 5(Er)H 

where £(E r) is the atomic stopping power of the target and H is the 

height of the step in the yield curve at the resonance. This is 

strictly accurate only as long as the target thickness in energy units 

is much greater than the width of the resonance, as was the case for all 

of the targets used in the present work. 

For thin target analysis, 

M N 

NY ' J 

where N is the area of the resonance peak in the yield curve and f is 

the areal density of target nuclei. 

The ratio of two resonance strengths is given for a thin target 

by 

S! {[A/(A • l)] 2 E r (2J, • 1) (N/QEt)]i 

S 2 f[A/(A • 1)]2 E. (2Jt • 1) (N/Qet)J2 

r21 
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where r 2i i? the ratio of the number of nuclei leading to resonance 2, 

to the number of nuclei leading to resonance 1 in the target. 

2.2. RELATIVE MEASUREMENTS 

Targets were prepared by evaporation onto transmission carbon 

backings. Natural materials were used where the measurement was on the 

most common isotope. For the other targets, the isotopic enrichments 

were 99.7% for 2 6Mg, 94.7% for 3 0Si, 94.5% for 3 U S and 95.2% for 3 7 C 1 . 

The targets were mounted in the centre of a 15.2 cm diameter 

scattering chamber with a shielded Nal(Tl) detector at 125 , a particle 

detector at a variable angle, and a re-entrant port for a Ge(Li) detector 

at 90 in close geometry. Charged particle beams were delivered by the 

University of Melbourne 511 Pelletron accelerator. Details of the 

experimental arrangement and procedure for relative measurements, 

including target analyses by Rutherford backscattering of a-particles 

were given in I. Our full network of comparisons, including those 

reported in I, is shown in fig. 1. The materials used to fabricate the 

targets used in the various comparisons are indicated on the lines 

joining pairs of nuclei. 

The resonances at 632 and 992 keV in 2 7Al(p,y) 2 8Si were chosen 

as the standards for our relative measurements because they are narrow 

and relatively strong, have well kncwn y-ray decay schemes, and aluminium 

targets are simple to prepare. Most of the resonances investigated were 

related directly to one of these, but this was not possible for 2 6Mg(p,y) ~ Al 

because of difficulty in resolving 2 6 M g and 2 7 A 1 in the Rutherford 

scattering spectrum. Consequently this reaction w.̂ s linked to 2 7A1 

via the reaction in 3 1 P and also via 3 0Si. Use of the 2 7 A 1 ( P , Y ) 2 8 S I 

reaction would also have been difficult for 39K(p,y)'*0Ca because 
j 

there is a strong resonance in 2 7Al(p,Y) 2 8Si only 2 keV j 
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below the energy of the resonance of interest l . A 

technique for using a Ge(Li) cfctector for the yield curve in such 

cases and relating its detection efficiency to that of a Nal(Tl) 

detector of known efficiency is described in I. However, the only 

strong Y-ray in the decay of the 3 9 K resonance is at 10.3 MeV, at 

which energy the Ge(Li) detection efficiency was very low, making 

that technique unsuitable. Consequently 3 9 K was linked to 2 7A1 via 
3 0Si using the Nal(Tl) detector directly. For most of the other 

measurements reported here the resonances of interest were suff

iciently strong and well isolated from all resonances due to other 

nucleaf species present, to allow direct comparison with 2 7Al(p,Y) 2 8Si 

using the Nal(Tl) detector. Spectrum analysis procedures were as 

described in I and absolute efficiencies for the Nal(Tl) were found 

from monoenergetic efficiencies and published branching ratios by the 

method of Lyons et al ". 

Special treatment was necessary for the resonances in 3 7Cl(p,y) 3 8Ar 

and 1*0Ca(p,Y)'*1Sc because, even with thick targets, the Y-ray yields were 

too low to give sufficient statistics in the Nal(Tl) spectra. Consequently, 

the Ge(Li), in its much closer geometry, was used for the yield curves, 

scaling counts in the 2168 keV Y-ray peak from 3 7Cl(p,Y) 3 8Ar and in the 

2881 keV Y-ray peak from 4 0Ca(p,Y) l* 1Sc. The Ge(Li) photopeak efficiency 

was then related to that of the Nal(Tl) by means of the isotropic 2366 

keV radiation from the 1 2 C ( P , Y ) 1 3 N reaction at E p = 457 keV 1 8 ) . For 

this purpose, al3 yg/cm2 carbon target on a tantalum backing was bom

barded with protons and spectra were taken simultaneously in both 

detectors. Corrections were made for room background and the small 

(-3%) contribution from carbon on the collimators and Faraday cup, which 

was measured by recording spectra with the target removed but with the 

beam focussing conditions unchanged. The Ge(Li) efficiency at 2168 and 

at 2881 keV was then deduced from the known Nal(Tl) efficiency and the 
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relative efficiency curve for the Ge(Li), which had been found by 

standard techniques. Since the ^Cafp.Y^Sc resonance decays 100* 

to the ground state '^, this gives the total detection efficiency for 

this resonance. For the 3 7Cl(p,v) 3 8Ar resonance, the branching ratios 

of refs. 1 6> 20) w e r e used to relate the number of 2168 keV y-rays to 

the total number of decays. 

Beam currents were kept below 0.6 uA for protons, and 0.2 uA 

for ''He* beams and, as a result, target deterioration, as monitored by 

our Rutherford scattering analyses, was undetectable for all targets 

except the two discussed in I. For these targets the losses were 

small and simply increased the total uncertainty of the measurement by 

a small amount. Because of the low beam currents used, dead times in 

the ADCs for both y-ray and particle detectors were negligible. No 

corrections were applied for angular distributions of radiation from the 

resonances studied because in all cases P^Ccos 6) terms were known to 

be small or zero l l » - 1 6 ) . 

2.3. ABSOLUTE MEASUREMENTS 

Targets for the absolute measurements were 99.999% pure 

elemental aluminium of thickness 47 ug/cm2 and 99.7% pure Si0 2 of thickness 

23 ng/cm2 on 40 urn/cm2 carbon foils. The experimental arrangement 

was the same as that used for the relative work except that the 

target, collimator and particle detector were mounted on a fixed rig 

which held them to a precisely determined geometry for Rutherford 

backscattering. The Ge(Li) re-entrant port was removed to make room 

for the particle detector at 136 on the opposite side of the chamber 

to the Na(Tl) detector. The nominal 1 mm diameter stainless steel aperture which 



defined the solid angle subtended by the particle detector had been 

machined to a knife-edge in order to minimize scattering into the 

detector. Its precise diameter was measured with a graduated 

projection microscope, giving the solid angle to an accuracy of 1.5V 

The proton beam energy resolution was measured to be * 250 keV and the 

excitation functions were traced out in 0.25 keV steps over the 

resonances. Current was kept below 0.3 uA and collected charge was 

monitored with a current digitizer that had been calibrated to an 

accuracy of ~1% at these currents. 

Rutherford backscattering spectra were recorded before and 

after the (p,y) excitation function measurements with proton beams 

at energies of 0.985 MeV for the 2 7A1 target and 1.000 MeV for the 
3 0Si target. Use of protons afforded sufficient resolution for back-

scattering and could be conveniently carried out during the (p,y) 

studies. No (p,p) resonances on these nuclides are reported at these 

energies and the measurements of refs. 2 1 » 2 2 ) show that proton scatt

ering through 140° from these nuclides follows the Rutherford law 

between resonances up to at least 1.2 MeV. Since uncertainties in the 

amount of oxygen in the targets would lead to uncertainties in their 

atomic stopping powers, the backscattering cross section was found 

for 1 MeV protons on oxygen by comparing the yield from proton 

scattering with the yield from a-particle scattering at 2 MeV, at 

which energy a-scattering from 1 6 0 is known to follow the Ruther

ford law 2 3 ) . Analysis of proton scattering spectra then established 

that the oxygen content of the aluminium target was less than 4% by 

number and the ratio of oxygen to silicon in the silicon oxide target 

was 2 with an uncertainty of Z%. The resulting uncertainties in 

'(Er) were calculated to be .Va for both targets. Heavy metals (eg. 
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from the evaporation sources) were not detected in either target. 

The same spectrum analysis techniques as described in I were 

used to obtain yield curves from the NalfTl) spectra. Uncertainties due 

to the spectrum analyses were about 4%. Fig. 2 shows the Y-ray yield 

curve obtained for the 632 keV resonance in 2 7Al(p,Y) 2 8Si. Count 

rates in both the Nal(Tl) detector and the particle detector were 

always below 500 counts per second, so again dead times were 

negligible. 

Published angular distributions for the major transitions in 

the deexcitation of the resonances in 2 7Al(p,Y) 2 8Si at 632 keV 2**̂  

and at 992 keV 25.26J i n < j i C a t e that all P^ (cos 6) terms are small. 

When averaged over the solid angle subtended by our detector, the 

corrections to the detection efficiency were calculated to be 

negligible. No correction was necessary for the E D • 620 keV 

resonance in 3 0Si(p,Y) 3 1P since it has a spin of h 27> . 

In the calculation of the total detection efficiencies, 

branching ratios for the excited states in 2 8 S i were taken from refs. 

16,28) a n d f o r s» ates in 3 1 P from refs. 5,16,29) j ^ e total error 

in Ef due to the dependence of efficiency on y-ray energy, as well 

as uncertainties in the angular distributions and the branching ratios, 

was estimated to be 6%. Statistical errors in N or H were approximately 

3*. 

Atomic stopping powers for protons in Al, Si and 0 were taken 

from the recent compilation of Andersen and Ziegler 3 0 ) . The bulk 

of the data collected by these authors for Al and 0 shows a deviation 

from thr curve of best fit of less than 2%. Very little proton stopping 

data arc available for Si but since neighbouring Al has been 



thoroughly investigated it is expected that extrapolation to Si should 

be accurate to about 3t. 

5. Results and Discussion. 

3.1.RELATIVE STRENGTHS 

Table 1 lists the Measured ratios of resonance strengths, 

together with the materials used to fabricate the targets for each 

comparison. Since the three measurements in the triangle linking 
2 3Na, 2 7 A 1 and 3 1 P were all conducted on a single composite target, 

the mutual consistency of the measured ratios was automatic. However 

the measurements giving the closed loops of comparisons between 2 3Na, 
3 SC1 and 2 7A1 and also 3 1 P , 2 6Mg, 3 0Si and 2 7 A 1 wtre all done or 

separate targets and these results also showed excellent internal 

consistency. 

In I we reported that our measurement of the ratio 

S( 2 3Na)/S( 3 1P) was considerably higher than that of Engelbertink and 

Endt 1 2 ) . Since analysis of our targets mad from N a ^ O ? indicated 

an atomic abundance ratio for sodium and phosphorus that was close 

to unity instead of the ratio of 2:1 implied by the chemical formula, 

we attributed the discrepancy to a probable ratio of less than 2:1 in 

their targets also. In addition our measurements of S( 3 5C1)/S( 2 7A1) 

and S( 3 5Cl)/S( 2 3Na) were significantly higher than those of Engelbertink 

and Endt, presumably due to preferential loss of chlorine from their targets 
during bombardment, similar to the losses that we observed from unprotected 
NaCl and BaCl2 targets. 

In the course of the measurements reported in the present 

paper, we found that targets made by evaporating K2SO1, contained K 

and S in a ratio of 7:2 instead of the expected ratio of 2:1. 
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Engelbertink and Endt 1 2 ) used targets made froa this coapound to link 
3 ,K and 3 2 S . Yet the ratio of their values for S( 3 ,K) and S( 3 i ,S) 

is in coaplete agreement with ours. Ke therefore conclude th=it the 

stoichiometry of targets prepared by evaporating chemical compounds 

may depend critically on the conditions under which the evaporation Vs 

conducted. «*e did not make targets from any of the other compounds 

used by these authors to link different elements, but in the light of our experience 

with NaCl, BaCl2.Na1.P2O7 and K2SG*, we believe that the disagreements between our 

relative strengths and theirs can all be attributed to the stoichiometry 

of their targets. 

5.2. ABSOLUTE STRENGTHS 

Taole 2 lists the results of the absolute strength measurements 

by both the thick and thrn target techniques, together with the 

adopted values found by averagirg the two results. The results of the 

two techniques are clearly in excellent agreement for all three resonances. 

The stren^lh found by the thick target technique depends directly on 

measured bean charge, whereas that found by the thin target method 

depends only on ratios of measurements of beam charge. Since any 

inaccuracies in the current integration will largely cancel out in 

these ratios, the agreement between the two sets of results is good 

evidence that our absolute beam current integration is sound. 

Table 3 lists the absolute strengths found by normalizing our 

relative data to the absolute measurements on the two 2 7Al(p,y) 2 8Si 

resonances together with our direct absolute measurements on 
2 7Al(p,y) 2 8Si and 3 0Si(p,Y) 3 1P- For comparison, the table also lists 

reported absolute measurements by the thirk target technique. Our 
2 7Al(p,Y) 2 9Si measurements are in excellent agreement with the 

measurements of ref. l' and ref. 2' and aiso agree to within cnmbinoil 

http://BaCl2.Na1.P2O7
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errors with ref. 3 and ref. k'. Since it was the average of concurring 

results of refs. 1 _ 3 ) for the 632 keV resonance that was used for the 

normalization of the relative strengths in I, this new normalization 

of the data does not significantly change the absolute strengths 

reported there. Our measured strengths for the 3 0Si(p,y) 3 1P resonance 

strength agree very closely with that of Lyons et al.^ but are in 

conflict with the recent work of Riihor.en et al.5-' The latter 

authors do not give a sufficiently detailed account of their target 

geometry for us to comment on the possible causes of this disagree

ment. The present results are in good agreement with all of the 

remaining thick target measurements listed in table 3 including the 

figure found by converting the measurement on 2 SMg(p,Y) 2 5Al by 

Trautvetter 6' using the strength ratio for the magnesium isotopes 

given by Engelbertink and Endt 1 2 ) . Trautvetter's method was to 

compare the step in a semi-thick target vield curve with the yield 

of Rutherford backscattering at a lower energy. 

The third column of data in table 3 gives values from four 

absolute measurements by the resonance absorption technique. We find 

the disagreements between these results and the results of the present 

paper puzzling. The resonance absorption technique 3 1^ does not depend 

on target composition, beam current integration, or absolute y-ray 

detection efficiency, so one would expect it to prove very reliable. 

But the measurement by Smith and Endt 1 3' on the 3 0Si(p,y) 3 1P resonance 

is in conflict not only with the independent absolute measurements by 

the thick target method of the present paper and of ref. ^ but also 

with both our absolute measurement based on comparison with Rutherford 

backscattering and the value deduced from our relative measurements 

normalized to our absolute values for the 2 7Al(p,y) 2 BSi resonances. 

The other resonanance absorption measurement on this resonance 33-' 

falls in between, and has errors large enough to overlap with, both 
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our value and thatof Smith and Endt l 3 1 . Also, the resonance absorp

tion measurement by van der Leun and Burhoven Jaspers 7 ' on 2 6Mg(p,>) 2 7Al 

is in conflict with the concurring results of this work, of ref. *) and 

of ref. 6^. The ratio of the resonance absorption measurements of ref. 7 

and ref. 1 3 ) is S( 2 6Mg)/S( 3 0Si) = 1.8 ± 0.6 compared with our measured 

ratio of 2.8 ± 0.3. The fourth resonance absorption measurement 8', 

which is on 3**S(p,Y)35C1, is in reasonable agreement with our result. 

Therefore we are forced to the conclusion that, despite the apparent 

advantages of this technique over other methods for measuring absolute 

resonance strengths, these resonance absorption measurements do not 

forn a consistent set. By contrast we have demonstrated almost total 

consistency between a large number of absolute strength measurements 

by the thick target technique and others which are based on comparison 

with Rutherford scattering. 

In the second last column of table 3 we list, for reference, the 

absolute strengths published by Engelbertink and Endt 1 2 ) for the 

resonances studied in the present work. In the last column of table 3 

we present our finally adopted strength for each resonance. 

In the set of resonance strength measurements reported here, every 

nucleus studied has been compared directly with either 2 7A1 or 3 0Si by 

measurements on composite targets. The strengths of the resonances 

in 2 7Al(p,Y) 2 8f :i and 3 0Si(p,Y) 3 1P used in these comparisons have been 

determined from both measurements of the step height in semi-thick 

target excitation functi and comparison of integrated y-ray yield 

with Rutherford scattering yield. Furthermore, the 2 7 A 1 ( P , Y ) 2 8 S i and 
3 0Si(p,Y) 3 1P resonance strengths have been compared by means of a 

relative measurement with a composite target, as also have three other 

pairs of nuclei (not including 2 7A1 or 3 0Si) as shown in the network of 

fig. 1. All these measurements show a remarkable degree of consistency 
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and are in good agreement with the independent absolute measurements of 

refs. 1 >2» 3» 1 +» 6> 9» 10,19,34,3 5) _ yje a r e p U Z Z i e < j by the disagreement 

between our results and those of resonance absorption measurements but 

consider we have adequately identified the causes of our disagreement 

with the results of ref. 1 2 ) . It is our contention that we have here 

provided a reliable set of absolute (p,y)resonance strengths for nuclei 

in the s-d shell. 

We wish tc acknowledge many very helpful discussions with Dr Z.E. 

Switkowski throughout the course of this work. One of us (B.M.P.) 

acknowledges the support of a Commonwealth Post-Graduate Research Award. 
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TABLE 1 

Ratios of (p,Y) resonance strengths 

Nucleus Ep(keV) Target materials S(A)/S(B) 

A B A B 

2 3 N ? 2 7 A 1 512 632 Al,Nai,P 207 0.21 + a) 0.02 

3 0 S i 2 7 A 1 620 632 A l , 3 0 S i O 2 1.24 + 0.09 

31p 2 7 A 1 811 632 A l , N a 4 P 2 0 7 0.29 + 0.03 a ) 

3*S 2 7 A 1 1211 992 Al ,Cd 3 4 S 0.39 + 0.03 

3 5 C 1 2 7 A 1 860 632 Al,BaCl 2 1.7 + 0.2 

3 7 C 1 2 7 A 1 847 992 Al ,Na 3 7 Cl (4 .3 + 0.5) x 10 

•*°Ca 2 7 A 1 1842 992 Al.CaO (1.2 + 0.1) x 10 

2 6 M g 3 0 S i 1965 620 ?°MgO, 3 0 SiO 2 2.8 + 0.3 

2 b M g 31p 1965 642 N a ^ O y . ^ M g O 44 + 4 

1965 811 b ^ - 10.3 + 1.3 

3?K 3 °Si 2043 620 K 2 S O l + , 3 0 S i O 2 3.6 + 0.3 

2 3 N a 31p 512 811 A l , N a 4 P 2 0 7 0.71 + 0.08 a l 

3 5 C 1 2 3 N a 860 512 NaCl 7.1 + 1.0 a ) 

From I. 

Obtained from the 642 keV value using the relative measurements of 

refs. 9 ' 3 2 ) . 
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TABLE 2 

Comparison of absolute measurements by the thick target and thin target 

methods, together with the adopted values 

Reaction Ep(keV) Method S(eV) 

2.7, .28 Al(p,Yr°Si 632 

c1 
9/2 

Thick target 

Thin target 

Adopted 

Thick target 

Thin target 

Adopted 

3.26 ± 0.26 

3.15 ± 0.2S 

3.21 ± 0.22 

23.4 t 1.9 

23.0 ± 1.8 

23.2 ± 1.6 

30Si(p,Y)31P 620 Thick target 

Thin target 

Adopted 

3.83 ± 0.34 

3.93 ± 0.31 

3.88 ± 0.27 



TABLE 3 
Absolute resonance strengths 

Reaction Ep(keV) S(eV) 

Present Work Other work 
Thick target Ref. Res. Abs. Ref. Ref. 12) a) 

Adopted 

2 3Na(p > Y) 2 , tMg 512 0.67 ± 0.09 0.85 ± 0.18 1.05 + 0.16 0.73 ± 0.10 

2 6Mg(p,Y) 2 7Al 1965 10.4 ± 1.2 

11 

9.7 ± 1.6 1 

6 

5.6 + 1.8 5.7 + 0.8 10.3 ± 0.9 

27 Al(p, Y)^Si 632 

1 
9^2 

cl 
3.21 ± 0.22 J 3.1 ± 0.4 

3.16 ± 0.33 

3.6 ± 0.5 

3.7 + 0.3 

23.2 ± 1.6 c^ 22.8 ±2.5 

22.5 ± 2.7 

26 ± 2 

1 

2 

3 

4 

1 

2 

4 

5.3 t 0.!* 3.17 ± 0.19 

22.9 ± 1.3 



30 Si(p,y) 3 1P 620 4.0 ± 0.4 

3 9 

3.93 ± 0.40 
<0 3.88 ± 0.27 ' 5.0 ± 0.3 

3 1 P ( P , Y ) 3 2 S 642 

811 

3 1 * S ( P , Y ) 3 5 C 1 1211 

3 5Cl(p,Y) 3 6Ar 860 5.6 ±0.8 5 ± 2 

3 7Cl(p,Y) 3 8Ar 847 1.00 ± 0.13 

K(p»Y)**°Ca 2043 14.3 ± 1.5 

^CaCp.Y^Sc 1843 

1 3.10 t 0.26 13 

5 3.4 ± 0.8 33 

0.22 ± 0.02 0.25 ± 0 .03 9 

0 .93 ± 0.12 1.06 ± 0.11 9 

9 .0 ± 1.0 9.7 ± 0 .9 3 

9 .8 ± 1.0 10 

34 

0.28 ± 0.05 0.28 ± 0.04 19 

0.39 ± 0.10 35 

8 ± 2 d) 

0.52 ± 0.08 

21 ± 3 

4.9 ± 0.7 

31 

3.9 ± 0.2 

0.23 + 0.02 

1.00 ± 0.08 

9.0 t 1.0 

5.6 ±0.8 
1.04 ± 0.15 1.00 + 0.13 

14.3 ±1.5 

0.26 ± 0.04 0.28 ± 0.03 

a) Relative measurements normalized to a strength of 3.10 + 0.26 eV for the Ep = 620 keV resonance in 3 0 S i ( p , Y ) 3 1 P . 
b) This measurement involves comparison of the semi-thick target step and Rutherford backscattering yield in 2**Mg(p,Y) 2 5Al, 

The figure has been converted to the 2 6 M g ( p , Y ) 2 7 A l resonance by means of the relative strength measurement of ref. 1 2 ) . 
c) Absolute measurements. 
JNi The resonance absorption measurement was done on the Ep = 2791 keV resonance. The figure has been converted to the 

1211 keV resonance by means of relative strengths measured by the same author 3 6 ) . 



Figure Captions 

Fig. 1. Relative measurements of resonance strengths. The target 

materials used to establish the links between nuclei are indicated. 

Natural targets were employed, except where the mass number of a 

species has been indicated. 

Fig. 2. Gamma-ray yield curve obtained in the absolute measurement 

of the strength of the632 keV resonance in 2 7Al(p,Y) 2 8Si- The yield 

has been corrected for room background. The strength was determined 

from the height of the step, and also by comparing the area under the 

peak with the yield of Rutherford backscattered protons measured below 

the resonance energy. 



Figure 1. 



1 

M
eV

 
— a> 

UJ CM 

o v 
z >• 
< LU 

to 

SO
N

 

V 

00 SO
N

 

cn 
"So UJ 

cr £ 
a. o — *̂ *̂ > Q 
< a> Z 

r-> 2C 
<N (S $ 

m *—•* 
0D —̂  

i i ^ 
a. 

UJ 
"5 
Z KH 

KH 
K H 

K H 

21? 

J 
o in 

i l O 

o -1 

K> 
K> 

K H 
K>* 

K H 

I D 

lO 

> 
a> 

a. 
UJ 

K H -

i n 

o 
o 
o| 

o 
i o 

o o 
in 

o o o 
o o m 

0^ 0€ H3d SlNflOO 

Figure 2. 


