Indication of a reduced chiral order parameter from the 1s π^− state in^{205}Pb

H. Geissel^a, H. Gilg^b, A. Gillitzer^c, R.S. Hayano^d, S. Hirenzaki^e, K. Itahashi^f , M. Iwasaki^f , P. Kienle^b, M. Münch^b, G. Münzenberg^a , W. Schott^b, K. Suzuki^d, D. Tomono^g, H. Weick^a, T. Yamazaki^h, T. Yoneyama^g

a Gesellschaft für forschung mbH,^b Physik-Department, Technische Universität München,^c Institut für Kernphysik, Forschungszentrum Juelich,^d Department of Physics, University of Tokyo,^e Department of Physics, Nara Women’s University,^f Muon Science Laboratory, RIKEN,^g Department of Physics, Tokyo Institute of technology,^h RI Beam Science Laboratory, RIKEN

The isovector potential parameter (b_1) of the s-wave pion-nucleus interaction was deduced in an unambiguous way to be b_1 = −0.116^{+0.015}_{−0.017} m^{−1}_π by using the binding energy and width of the recently observed deeply bound 1s π^− state in^{205}Pb [1] combined with the known 1s states of light pionic atoms. The figure presents the obtained isoscalar (b^∗_0 ≡ b_0 + 0.215 ReB_0 m^3_π) and the isovector (b_1) parameters. The 1s states of light symmetric pionic atoms give a shaded horizontal band. The b^∗_0 − b_1 constraints from 205Pb in the two cases of “halo type” and “skin type” neutron distributions are shown by other shaded bands with 1σ error lines. The scale for the reduction of the chiral order parameter R = b^{free}_1 /b_1 ≈ f^{∗2}_π /f^2_π (f_π is the pion decay constant) [2] is indicated in the upper part. The enhanced isovector strength (|b_1|) over the free-πN value infers that the chiral order parameter is reduced by a factor of R = 0.78^{+0.13}_{−0.09} in the nuclear medium of 205Pb where the bound π^− is located (the effective density ∼ 0.59 times the normal nuclear density). This is in good agreement with Weise’s prediction (R ∼ 0.82 for this π^− bound state ) [3].

References [1] H. Geissel et al., Phys. Rev. Let. 18 (2002) 122301. [2] P. Kienle and T. Yamazaki, Phys. Lett. B 514 (2001) 1. [3] W. Weise, Acta Physica Polonica 31 (2000) 2715.