Developmen t of Polarized Radioactive Nuclear Beams I | Polarization Analyzer Based on Beam-F oil Sp ectroscop y | S. Shimizu, E. Doumoto, T. Shigematsu, T. Nak aza w a, M. Nak am ura, M. Kuw ahara, Y. Hiray ama, H. Izumi, T. Shimo da and N. T ak ahashi Dep artment of Physics, Osaka University, T oyonaka, Osaka 560-0043, Jap an W e prop ose a metho d to pro duce spin-p olarized radioactive nuclear b eams for the sp ec- troscopic studies of exotic nuclei. The nuclear p olarization is pro duced in the following pro cedure, as in the p olarized proton or 3 He ion-sources: (i) The spin p olarization of the outermost electron of Rb atom is pro duced by the laser optical pumping. (ii) The radioactiv e nuclear b eam passes through the Rb v apor and the nucleus picks up the p olarized electron into its atomic state. (iii) The h yp er�ne interaction b et w een the nucleus and the electron induces the nuclear p olarization. The feasibility study of this metho d is in progress at the test b enc h in the East Exp erimental Hall. The lay out of the test b enc h is shown in Fig. 1. The b eam of stable nucleus at a few k eV/am u is supplied from the compact ECR ion-source. The b eam then go es through the Rb cell where high density Rb v apor is contained, and the b eam ions pick up the spin p olarized electron from Rb atoms, and �nally the b eam ions reach to the b eam-foil sp ectroscopy system where the nuclear p olarization is measured through the atomic transition. The construction of the test b enc h will b e completed so on. Some parts of the apparatus hav e b een tested so far. Two ma jor achiev emen ts to b e men tioned are (i) the accomplishment of a highly precise p olarimeter system for the b eam-foil sp ectroscopy measuremen t, which is used to measure the p olarization of stable nucleus and (ii) the success of the optical pumping of the Rb atoms. The former ac hiev emen t is rep orted in the following. The latter one is describ ed in the adjacen t rep ort. Figure 1: Lay out of the test b ench.

Prior to the completion of the test b ench, the b eam has b een directly led in to the b eam- foil sp ectroscopy system in order to inv estigate the p erformance of the p olarization analyzer in the b eam-foil system. The principle of the analyzer is as follo ws: In the analyzer a thin carb on foil (1.5 � g/cm 2 ) is set on the b eam axis and the b eam passes through the foil. Before reaching to the foil the p olarization is shared by the electrons and the nucleus. A t the momen t of interaction with the foil, the atomic p olarization is completely destro y ed due to the multiple atomic collisions, whereas the nuclear p olarization remains the same. After passing through the foil, some of the atomic excited states are p opulated and then the hyper�ne interaction induces atomic p olarization from the n uclear p olarization. The atomic p olarization causes circular p olarization of the de-excitation lights, i.e. uorescence. The nuclear p olarization therefore can b e measured through the atomic transition. The uorescence emitted in the direction of p olarization, which is p erp endicular to the b eam axis, is fo cused by lenses to the p olarimeter system consisting of a � /4 plate, a linear p olarizer, a mono chromator and a photo-multiplier tub e. W e hav e installed tw o iden tical systems along the p olarization axis in the b oth sides to the b eam direction. This helps to large extent to eliminate spurious p olarization such due to uctuation of the b eam intensit y as well as the b eam p osition. In order to test the p erformance of the p olarimeter, the tilted foil technique has b een used: When the foil is tilted as shown in Fig. 2 atomic p olarization is pro duced in the direction ~ n � ~ v , where ~ n and ~ v denote the normal direction to the foil surface and the b eam direction, resp ectively . The uorescence is detected in the direction of p olarization i.e., p erp endicular to the surface of Fig. 2. Figure 3 shows the exp erimental results of the atomic p olarization as a function of the tilt angle for the 1 P ! 1 D transition in N + ion (wa v elength 399.5 nm) at the b eam energy of 1.7 keV/am u. The foil w as set 2 mm upstream the optical axis of the p olarimeter. It is clearly shown that the p olarization smo othly dep ends on the tilt angle as predicted by the "torque mo del". It is to b e noted that at the tilt angle of 0 � the p olarization is consisten t with 0. This means that the spurious asymmetry has b een successfully cancelled out. It should b e p ointed out that the b eam energy in this exp eriment is the low est in the tilted foil exp eriments so far. P olarization at suc h a lo w b eam energy has b een con�rmed for the �rst time. In this measuremen t a remark able amount of p olarization has b een conv enien tly obtained just b y setting a tilted foil in the b eam line. This metho d is p ossibly a versatile wa y to obtain a mo derate amount of p olarization for b eams directly from ISOL. Figure 2: Polarization in the tilted-foil exp eriment. Figure 3: A tomic p olarization as a function of the foil tilt angle.