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Abstract. Ion optical calculations for a storage ring at the present GSI facility for direct

proton-induced reactions relevant for different astrophysical processes are presented. As

an example case, the 59Cu(p, γ) and 59Cu(p, α) reactions are shown. The branching of

these two reactions is important in X-ray burst scenarios, since it determines the breakout

out of the major 56Ni waiting point.

1 Introduction

One of the biggest challenges in Nuclear Astrophysics is the extrapolation of charged-particle induced

cross sections, typically measured at high energies, to the astrophysically relevant low energies. This

process relies heavily on predictions from theory and often results in large uncertainties and even

conflicting statements. As such, direct measurements at the low stellar energies would be ideal.

However, measurements of charged-particle induced reactions, like (p, γ), (α, γ), (α, p), typically

suffer from extremely low cross sections at the interesting stellar energies. One way to overcome this

problem experimentally is to increase the number of beam particles. This is of course limited by each

facility and especially for radioactive ions, it is mostly impossible.

If radioactive ions are involved in the reaction, almost always experiments in inverse kinematics

need to be performed. However, the production rates of radioactive ions at currently operational ra-

dioactive beam facilities are often still too low to perform direct experiments in inverse kinematics

with the standard geometry of a fixed target and the beam impinging on it once (single pass experi-

ment). This approach has its own advantages; however, the unreacted beam after the target is typically

lost for further reactions.

In this respect, astrophysical reaction measurements employing storage rings (multi pass) enable

unprecedented studies of reactions, which are not accessible so far. High luminosities on the order

of 1025 cm−2 s−1 can be achieved at the relevant astrophysical energies (see Fig. 1, in which different

Gamow window ranges for some astrophysical processes are shown). This leads to acceptable rates

even for relatively low cross sections. These luminosities are achieved by revolving the unreacted

beam at a high frequency in a storage ring while constantly readjusting the momentum spread of the

beam (e.g. induced while traversing the target) by using an electron cooler. This device efficiently

cools the beam to a given energy spread (which can be very well fine-tuned).
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Figure 4. Left: The x-y distribution of heavy residuals following the 59Cu(p,α) and 59Cu(p,γ) reaction before

entering into the first quadrupole in the ESR after the target (drift path is roughly 5 meters). MOCADI has been

used to simulate the beam transport [8]. The black circle indicates the typical ESR beam line aperture. Right: The

x-y distribution in the dipole (at 53.3 degrees, which is the position used in [3]) of the 59Cu(p, γ) residuals. They

can be sufficiently measured with a (5 x 5) cm2 DSSSD detector. In black, also the elastic scattering contribution

from 59Cu(p,p) is shown. The MOCADI simulations include realistic beam apertures; for the reaction, no internal

decay patterns of the single residuals are incorporated.

this technique and measurement position. According to Rutherford scattering, at low center-of-mass

energies the elastic scattering contribution is expected to be high. The distribution of the (p, p) events

can also be seen in the right part of Fig. 4. However, as has been shown before, depending on the

cross section of the 59Cu(p, γ) reaction, it should be possible to disentangle both distributions [2, 3].

Another idea could be to block the elastic scattering contribution already before entering into the

dipole, since its spread is much wider than in the (p, γ) case.
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