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1. Introduction

-(2005-2009) Formal collaboration between =0 0 70
Konan University, Japan and Université t t
Libre de Bruxelles, Belgium. 13y 5

-(2009-Now) Renewal project

(I) 34 charged-particle-induced,
two-body exothermic reactions

with A < 16 BB
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(IV) Calculate reaction rates with both experimental
data and theoretical extrapolations
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(II) Collect experimental data
published in refereed journals

by the end of 2010

(IIT) Evaluate (extrapolate) the cross
sections in the low energies based on
potential models



2. Theory and Methodology

A. Experimental data selection

Data Source:

NACRE II includes the experimental low energy cross sections:
(1) Collected in NACRE (before 1999)
(2) Published in referred journals (1999-2010)

Data type:

-Integral cross sections with associated errors are adopted.
-Differential quantities even measured are not considered.

“Laboratory screening”

Results by multiplying the
enhancement factor
(exp(mtmUe/E)) to adopted
extrapolation S-factors

S

Enhanced experimental
data are disregarded.
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B. Nuclear reaction model

A

Phenomenological method First principlet
(R-matrix) (microscopic model, “ab initio”)
The general potential models are adopted. Zero range distorted wave Born

approximation (ZRDWBA) for transfer reactions, Potential Model (PM) for
radiative capture reactions.
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w =g, (r) for bound state.
w =y, (k,r) for scattering state.



C. Fitting procedures: Transfer reaction

Determine the data range to be fitted

Case I: Data below E_ . =1 MeV
Case II: Only the data for resonance at the lowest position of excitation energy
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C. Fitting procedures: Radiative capture reaction

Determine the data range to be fitted

In general, we fit the resonances and non-resonant contributions simultaneously,
and try to include all selected experimental data.
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D. Reaction rates evaluation

Thermonuclear reaction rate for A(a,b)B:
(8 / 72')1/ 2 J‘OO
1/2 3/2
lua (kBT ) 0
Reaction rates with uncertainties are evaluated from S-factors in two energy ranges:

(1) experimental data with error-bars when available in [E2,E4];
(2) “adopted” “low” and “high” extrapolations in [E0,E2].
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3 Results of Ind1v1dual Reactlon
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Reaction rate comparison between NACRE II and NACRE
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S(0) comparison between NACRE II and
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4. Summary
The NACRE II compilation includes:

(1) the collection of experimental data published in refereed journals
till 2010, before and after NACRE.

(2) the theoretical adopted, low, and high cross sections (S-factors)
extrapolated to very low energies based on ZRDWBA or PM.

(3) the evaluated reaction rates along with their uncertainties in the
temperatures range [10°, 101°] K.

The improved reaction models used in NACRE |1 with respect to

NACRE make the evaluated cross sections and reaction rates more
reliable, especially at low energies and temperatures.

Paper of NACRE II coming soon...



Thank you for your attention



B. Nuclear reaction model: Transfer reaction

Transfer reaction A(a,b)B: | Stripping: a=x+b, A+x=B. Pickup: at+x=b, A=B+x.

2
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Stripping: (2J,+1)/(2J,+1) . :
Cas {Pickup: (2JZ+1)/(2JA+1) Triangular relations hold: IZJ-S, J7dg-d,a, 5=3,-3,

E, k, L, X, Es kg I, x 0 C. M. energies, wave numbers, orbital angular momentum, distorted
scattering sates for entrance and exit channels.

J oo I I, Jg: spins of the four participating nuclet A, a, b and B.

s, 1, J: spin, orbital and total angular momentum for transfer form factor.

m,, mg: masses of nucleus A and B.

Sg: spectroscopic factor. D,: zero-range interaction strength.

P, M: associated Legendre polynomial.
¢(1)/r: radial form factor bound in B or A.



B. Nuclear reaction model: Radiative capture reaction
Radiative capture reaction A(a, Y )B: Transition from the initial scattering state A+a forms the
nucleus B with accompanying v -ray emission. The E1, M1, and E2 transitions are considered.
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I, 1, J, m: channel spin, orbital angular momentum, total angular momentum, parity.
Indexes 1, f, a, A, B: index of initial state, final state, nucleus a, A, B.
A : multi-polarity. k v : photon wave number.
C2S;: the spectroscopic factor including the isospin CG coefficient C.
Q,, b ,: electric quadrupole moment, magnetic dipole moment.



Possible contributions from sub-

threshold resonances
“C(a,y)"*0 and "C(a,n)'°O

To scrutinize the sub-threshold feature by
nuclear structure information is beyond the

scope and capability of this compilation using
the simple potential models. We merely
empirically seek for S-factor enhancements that
may be permissible on top of the available data

with an allowance for a contribution additional

to those derived by our standard fit procedure.
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