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The CNO cycle is the main process for hydrogen burning irssgamewhat more massive than
the Sun. The reaction cross sections at Gamow energiesmcalty in the femto to pico-barn
range and are consequently very difficult to measure expatiatly. The CNO reaction rates
are based on extrapolations of experimental data from highergies. We are developing a
multi-channel R-matrix code (AZURE) to provide a new and encomprehensive tool for fitting
experimental data and making extrapolations to lower éegrip all reaction and scattering
channels.

The *N(p,y)1°0 reaction is the slowest reaction of the CNO cycle and thaetiermines the
energy production rate of CNO burning. Furthermore, th&ctien plays an important role in
the determination of Globular Cluster age, since the pwsitif the turnoff point, at which the
GC stars escape from the Main Sequence, is powered by the afrtbe CNO burning, whose
bottleneck is thé*N(p,y)°0. We have made a reanalysis of the most recent experimexitabd
the ground state and the 6.18 MeV transitions. The ratio®ttbss sections of tH&N(p,y)160
and!®N(p,a)°C reactions determines how much catalytic material passeigher CNO cycles
and has an effect on the production of heavier elementdgplanty °0 and’O. Simultaneous
analysis of both reactions for all channels suggests tleatitio o,/g, is smaller than previously
reported.
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Figure 1: Sample fits for the ground state and 6.18 MeV state radiatiyguce transitions. The astro-
physical S-factor in the ground state transition is detaediby the interference between the subthreshold
state, the 2.187 MeV 3f2state and the contribution from the 3/Background pole used to simulate direct
capture. For the transition to the 6.18 MeV state, the lowgn&-factor is principally determined by the
interference between the 0.259 MeV 1/@&sonance and the 17background pole.

1. N(p,y)*°0 and *N(p,p)**N reactions

The*N(p,y)*°0 reaction is the slowest reaction in the first CNO cycle and as such determine
the overall rate of energy production. It has been measured overeararnde of energies (see Ref.
[1]), with more recent measurements focusing on the low energy regefs.(R, 3, 4]).

The radiative capture transitions to the ground and 6.18 MeV states werasigously anal-
ysed using the AZURE multichannel R-matrix code (see Ref. [5]). Fortbergl state transition,

a 1/2" resonance was includedB&t)=0.259 MeV and 3/2 resonances at -0.504, 0.985 and 2.187
MeV. Background poles were included at 10 MeV f&=1/2* and 3/2. Contributions from all
allowed spins and angular momenta were considered and all reducedanigdtitudes were free
to vary. Sample fits can be seen in Fig. 1.

These preliminary results are in good agreement with those published byt tollabora-
tion (Ref. [2, 4]). Further developments of the AZURE code to includectitapture contributions
will allow improved analysis of thg-ray transitions presented here, as well as the transition to
the weakly bound 6.79 MeV state which has the largest contribution to thehgsioal S-factor.
Total (py) cross section measurements will also be included in this analysis.

It had been suggested that an analysis of{tiN(p,p)'“N reaction might further constrain
the radiative capture channels. An initial analysis of this reaction was mddpendently of the
radiative capture channels, using the data of Ref. [6]. Sample fits foofiloe eleven angles
available are shown in Fig. 2.

This preliminary elastic scattering analysis has indicated that additional abmnstnay be
placed on the ground state transition. In particular, the reduced-width adesiaf the broad 312
state at 2.187 MeV should be constrained, helping distinguish-th@ andl = 2 contributions. It
is this state that, along with the subthreshold state and direct capture congatetarmines the
low energy S-factor in the ground state transition. As the ground state isastenell determined
transition, further analysis could prove fruitful. There may also be somsti@nt placed on the
contribution from the subthreshold state.
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Figure2: Sample of elastic scattering fits f6=70° and0=153".
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Figure 3: Total x? as a function of S(0) img- andys-channels. Contours are placed at 5% intervalgin
with the error arbitrarily taken at5% in the totaly?.

2. 15N(p,y)t%0 and °N(p,a)'?C reactions

The 15N(p,y)*%0 and®N(p,a)*?C reactions are the branching point between the first and
second CNO cycles. The data from Refs. [7, 8, 9, 10, 11] was hesethusing a multichannel
R-matrix approach. In both they- and y-channels the low energy S-factor is determined by the
interference between the Yfesonances at 0.312 and 0.96 MeV. Also included were thentl 3°
resonances at 1.53 and 1.13 MeV respectively, andrid 3 background poles at 10 MeV. All
allowed spin and angular momentum channels were considered and akdedidth amplitudes
were free to vary.

Error estimates for the astrophysical S-factors were made by fixing thenengy S-factor,
fitting and recording the fittegl?. The minimumy? gives the physical S(0) and the rate of deviation
from the minimum gives an estimate of the error (see Fig. 3). The resultirgpagsical S-factor
estimates are ,J0)=50" keV.b and $,(0)=68.032 MeV.b. Theao-channel result is in good
agreement with previous estimates, but {gehannel result is lower than previous estimates of
64+6 keV.b (see Ref. [9]). This may be in part due to the background pel tassimulate direct
capture. Improvements to the AZURE code to incorporate direct capteiteeang made and once
complete, the result will be checked.
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