– 8 –

The Nucleon Density of 172Yb and 176Yb at the Nuclear Periphery Determined with Antiprotonic X–rays

R. Schmidt, T. Czosnyka^a, T. v. Egidy, K. Gulda^b, F. J. Hartmann, J. Iwanicki^a, J. Jastrzebski^a, B. Ketzer, M. Kisieliński^a, B. Kłos^c, J. Kulpa^d, W. Kurcewicz^b, P. Lubiński^a, P. J. Napiorkowski^a, L. Pieńkowski^a, R. Smolańczuk^d, A. Trzcińska^a, E. Widmann^e, and S. Wycech^d

a Heavy-Ion Laboratory, Warsaw University, PL-02-097 Warsaw, Poland b Institute for Experimental Physics, Warsaw University, PL-00-681 Warsaw, Poland c Physics Department, Pl-40-007 Silesian University, Katowice d Soltan Institute of Nuclear Studies, PL-00-681 Warsaw, Poland^e CERN, CH-1211 Geneva 23, Switzerland

The investigation of antiprotonic X-rays allows to draw conclusions about the nucleon density at the nuclear periphery [1,2]. In an experiment at the LEAR facility of CERN antiprotons with an initial momentum of 414 MeV/c were stopped in^{172}Yb and^{176}Yb to study the antiprotonic–atom cascade. The strong interaction widths and shifts of the lowest observable X–ray transitions were deduced.

Due to the good statistics of the collected data forty X–ray transitions up to Δn = 5 could be observed. The experimental intensities of the transitions were compared with results from calculations of the antiprotonic cascade. The cascade calculations, based on a work by Leon [3], started below the electron cloud at n=20. The initial distribution was adjusted in order to reproduce the X–ray intensities of transitions with n ≤ 20. Calculated and measured relative intensities were found to be in good agreement.

This good agreement and the large number of observed transitions opened the possibility to determine for the first time the widths of non–circular orbits in addition to the circular ones. Altogether three level shifts and six level widths were measured for^{172}Yb and^{176}Yb, respectively. In fig. 1 the results for^{176}Yb are shown. From^{172}Yb to 176Yb the widths are slightly increasing whereas the shifts stay roughly constant.

Fig. 1: Energy shifts and widths for those levels of antiprotonic^{176}Yb which are sizeably influenced by the strong interaction. Γ_1 and ε_1: Width and shift for j = l + 1/2; Γ_2 and ε_2: Width and shift for j = l − 1/2.

From the intensity balance of the lowest populated levels, the strength of the strong interaction with the nucleus and the nuclear density was deduced. A Fermi distribution was used for the nucleon densities. With the parameters from Ref. [4] (model a) for the proton density distribution and the difference between neutron and proton radius taken as 0.13 fm [5], the difference between the neutron and proton diffuseness parameters was deduced to be (0.58 ± 0.04) fm for^{172}Yb and (0.71 ± 0.04) fm for^{176}Yb. The resulting nucleon densities are plotted for^{176}Yb in fig. 2. Additionally the neutron–to–proton density ratio is drawn together with the absorption probabilities for the most interesting levels.

The method described here together with the determination of the annihilation products [6] makes antiprotonic atoms being a powerful tool to study the nuclear periphery.

Fig. 2: Absorption probability for antiprotons A(n, l), proton ρ(p) and neutron density ρ(n), and neutron–to–proton density ratio for 176Yb. The neutron and proton densities are normalized to ten in the center of the nucleus. The absorption probabilities of the levels (9,8) and (10,8) are magnified by a factor of 20 compared to that of (8,7), those of (10,9) and (11,9) by a factor of 400.

References

[1] C. J. Batty et al., Adv. Nucl. Phys. 19 (1989) 1 [2] A. Kreissl et al., Z. Phys. A466 (1987) 667 [3] M. Leon and R. Seki, Phys. Rev. Lett. 32 (1974) 132 [4] R. Engfer et al., At. Data Nucl. Data Tables 14 (1974) 509 [5] J. Dechargè and D. Gogny, Phys. Rev. C21 (1980) 1568 [6] P. Lubinski et al., Phys. Rev. Lett. 73 (1994) 3199