One of the prime motivations for moving Gammasphere to the  ATLAS accelerator at  Argonne National Laboratory was to couple the device with the Fragment Mass Analyzer (FMA) in order to study nuclei lying far from stability. The FMA is a high resolution mass spectrometer which transports reaction products produced at the target position and disperses them by their mass/charge (M/Q) ratio at the focal plane, 8.8 meters away. Presently, two general techniques are used at Gammasphere to make isotopic identification of weak channels produced in fusion-evaporation reactions. The first involves the measurement of evaporated particles, i.e. neutrons, protons, and/or alpha particles. The number and type of particles measured give some degree of nuclide identification. The second technique directly detects the residue, and nuclide identification is made by measuring the properties of the residue, i.e. mass, energy, time

of flight and/or decay products. Experiments with the FMA utilize this second technique.

While the FMA coupled to Gammasphere allows for mass identification of g rays, this is usually not sufficient for identifying the most proton-rich isotopes. This is due to the fact that after the fusion of the projectile and target, proton evaporation dominates over neutron evaporation for proton-rich compound systems. Since neutron evaporation leads to the production of systems lying furthest from stability, g rays emitted from nuclides with the largest proton excess become completely obscured by the g rays from the other isotopes produced in the heavy-ion reaction. Consequently, isotopic identification becomes necessary for isolating g transitions in these nuclei. With the FMA, this is  achieved by placing ancillary detectors behind the focal plane.  For light and medium mass nuclei (Z<50), it is possible to obtain isotopic selection by using an ionization chamber. In heavy nuclei (Z>50) which lie near the proton drip line, isotopic identification of g rays can be made by correlating the characteristic charged-particle radioactivity of an ion implanted in a pixel of a double-sided silicon strip detector (DSSD) with a previously implanted recoil. Figure 1 shows schematically how the technique works utilizing the DSSD setup at the FMA.  This technique has wide applicability due to the fact that above the closed proton shell at Z=50, many nuclei near the proton-drip line decay by the emission of an alpha particle, and  beyond the drip line, odd-Z nuclides are observed to decay by proton emission. This technique is referred to as Recoil Decay Tagging (RDT). 

Figure 2 illustrates the power of the FMA to isolate specific reaction channels utilizing RDT  by showing the selectivity achieved from an experiment using the the reaction 84Sr + 92Mo to produce Au nuclei which are proton unbound.  Figure 2a shows the g-ray spectrum measured at the target before selection with the FMA. The spectrum is dominated by g rays emitted from fission products and the coulomb excitations of the target, processes which dominate the reaction cross-section. Fig. 2b show the g-ray spectrum in coincidence with a detected recoil. Further selectivity is obtained by requiring a coincidence with mass 173 (figure 2c). Finally, g rays associated with 173Au are isolated in figure 2d by correlating them with the alpha decay of this nucleus. The g rays in the 173Au spectrum are not observable in the mass gated spectrum and emphasizes the need for selectivity. Using RDT with Gammasphere, excited states have been identified in nuclei produced with cross-sections as low as 50 nb, a sensitivity unrivaled by other forms of selectivity used in in-beam g-ray spectroscopy.

