– 18 –

Measurement of the^{25}Mg(p,γ)^{26}Al Reaction at Stellar Energies

A. Arazi^{a,b}, W. Bürger^c, T. Faestermann^b, J. Fernandez-Niello^a, K. Knie^b, G. Korschinek^b, E. Richter^c, G. Rugel^{b,d}, and A. Wallner^{b,d} a Laboratorio TANDAR, CNEA, Argentina^b Beschleunigerlabor, Garching c Forschungszentrum Rossendorf, Dresden d Strahlenbiologisches Institut, Ludwig-Maximilians Universität München

The detection of the cosmic 1.809 MeV γ-line in 1982 [1] triggered an increasing interest in determining the stellar production of^{26}Al .

This radiation, originating from^{26}Al (T_{1/2}=0.716 Myr) nuclei which have been ejected from stars, is detected by γ-ray telescopes, allowing the identification of the^{26}Al production sites within our galaxy [2].

The^{25}Mg(p,γ) reaction is the main production mechanism for^{26}Al in astrophysical scenarios at energies in the range of E^{CM} =100–400 keV [3]. At these energies, well below the Coulomb barrier (E^{CM} =2.86 MeV), the cross sections are extremely small and the production is dominated by narrow resonances (see fig. 1).

Fig. 1: Level structure of^{26}Al above the p+^{25}Mg threshold. Resonance energies [4] are those for which E^{CM} + Q equals an excited level of^{26}Al . The correspondence to stellar temperatures is also shown.

The strength of these resonances have been measured down to E^{CM} =189 keV applying the common on-line detection of prompt γ-rays originating from the deexcitation of^{26}Al compound nuclei [5,6].

In order to avoid the problems of interfering γ– backgrounds of on-line measurements we propose the determination of the produced^{26}Al nuclei using the AMS technique: MgO targets are bombarded with proton beams (0.1–1 mA) at each resonance energy using an implanter [9] at the Forschungszentrum Rossendorf. These targets are then dissolved in HCl acid and, after adding^{27}Al which acts as a carrier, multiple precipitations with NH_3 are carried out in order to separate Al from Mg. Finally, these samples are used directly as sputter material at the accelerators ion source. The small amount of produced^{26}Al nuclei can be counted by means of the AMS technique [10].

The AMS measurements are performed extracting molecular AlO^− from the ion source, since the efficiency of producing this negative ion is about 20 times higher than the corresponding for Al^−. The latter is however more frequently used in AMS experiments because atomic Mg does not form stable negative ions. But MgO^− is also formed readily in the ion source. Hence, extracting AlO^−, a highly selective chemical separation of Mg in conjunction with an efficient AMS system is required in order to supress the interfering isobar^{26}Mg.

Chemical separation down to 5 ppm of^{26}Mg was achieved on 0.5 mg Al samples. In combination with the Gas Filled Magnet separation system (GAMS [11]), measurements down to^{26}Al/^{27}Al ∼ 10^{−14}, i.e. 10^{5 26}Al atoms, are possible.

Another approach being tested is the reaction in inverse kinematics [12] H(^{25}Mg,γ)^{26}Al . In this case, a methane (CH_4) gas stripper at the terminal of the tandem accelerator acts as target. Injecting^{25}MgH^−,^{25}MgO^− or^{25}MgF^−_3 at the low energy side of the tandem, the reaction energies of interest can be reached applying terminal voltages between 7.6 and 12.7 MV. The^{26}Al produced in the gas stripper is further accelerated on the high energy side and the most probable charge state is selected by the analysing magnet, while interfering ions (^{25}Mg as well as spurious 26Mg) are separated by common AMS techniques.

Initial tests of both methods are carried out presently for the^{25}Mg(p,γ)^{26}Al reaction at resonance energies of E^{CM} = 418, 373 and 303 keV.

References

[1] W. Mahoney et al., Ap. J. 262 (1982) 742 [2] N. Prantzos and R. Diehl, Phys. Rep. 267 (1996) 1 [3] C. Rolfs et al., Rep. Prog. Phys. 50 (1987) 233 [4] C. Iliadis et al., Phys. Rev. C53 (1996) 475 [5] K. Elix et al., Z. Phys. A293 (1979) 261 [6] C. Iliadis et al., Nucl. Phys. A512 (1990) 509 [7] A. Champagne, A. et al., Nucl. Phys. A505 (1989) 384 [8] A. Rollefson et al., Nucl. Phys A507 (1990) 413 [9] http://www.danfysik.com/240.html [10] K. Knie et al., Nucl. Instr. Meth. B172 (2000) 717 [11] http://www.bl.physik.uni-muenchen.de/gams [12] M. Paul et al., Nucl. Instr. Meth. B29 (1987) 393