Isospin symmetry of M1 and GT transitions in the A=10 n uclei M. F ujiw ara, H. Akimune, S.M. Austin a , D. Bazin a , G.P .A. Berg b , J.A. Brown c , I. Daito, B.S. Davids a , Y. F ujita d , H. F ujim ura, M. F ujiw ara, R. Hazama d , T. Inomata, K. Ishibashi, J. J� anec k e e , S. Nak a y ama f , K. Pham e , D.A. Rob erts e , B.M. Sherrill a , M. Steiner a , A. T amii g , M. T anak a h , H. T o y ok a w a i , and M. Y osoi g R ese ar ch Center for Nucle ar Physics, Osaka University a National Sup er c onducting Cyclotr on L ab or atory (NSCL), b Indiana University Cyclotr on F acility, c Physics Dep artment, Al le gheny Col le g, d Dep artment of Physics, Osaka University, e Dep artment of Physics, University of Michigan, f Dep artment of Physics, T okushima University, g Dep artment of Physics, Kyoto University, h Kob e T okiwa Jr. Col le ge, i Jap an Synchr otr on R adiation R ese ar ch Institute (JASRI), SPring-8, In our recent w ork [1, 2], we demonstrated the feasibility of getting high-resolution (n,p)-type sp ectra by using an intermediate energy triton b eam pro duced with the breakup reaction 4 He ! t+p. Fig. 1 shows the (t, 3 He) sp ectra obtained at 0 � on targets of 9 Be, 10 B, 11 B, 12 C, and 13 C. The energy resolution obtained was � 780 k eV full-width-at-half-maximum (FWHM) for the 12 C target. The results from p eak �tting are sho wn by the solid curves in the (t, 3 He) sp ectra of Fig. 1. Gaussian line shap es w ere assumed for the p eaks, and a quasi- free shap e was assumed for the non-resonant background. The latter was successfully used in �tting ( 3 He,t) sp ectra with the semi-phenomenological function given in Ref. [3]. The transition from the 3 + ground state of 10 B to the 0 + ground states of 10 Be (not shown) w as very w eak as exp ected. The 3 He-particle energy sp ectrum for the 10 B(t, 3 He) 10 Be reaction, shown in Fig. 1(b), co v ers higher excitation energies. Three narro w p eaks w ere seen at E x = 3.37 MeV, 5.96 MeV, and 9.4 MeV; that at 5.96 MeV is the strongest. The p eaks at 3.37 MeV and 5.96 MeV are GT transitions from the 3 + ground state of 10 B to the 2 + 1 and 2 + 2 states in 10 Be. The spin-parity of the 9.4 MeV state is most likely 3 + 1 , since shell-mo del calculations by W ang et al. [4] predict the presence of a strong GT transition to a 3 + 1 state at � 9 MeV in the mirror n ucleus 10 C and since tw o neutrons in the p 3 = 2 shell orbital can easily couple to J � =3 + 1 . A de�nite spin-parit y assignment, how ev er, is not yet giv en for the 9 MeV state, and the p ossibility of a 2 + or 4 + assignment cannot b e excluded. The nature of the broad p eak at E x � 12 MeV is not clear at present. In Fig. 2, a new isobar diagram for T=1 mirror GT and M1 states is prop osed for the A=10 system by taking in to account the compilation of energy level data [5]. The 2 + 1 states at 3.37 MeV in 10 Be, at 5.16 MeV in 10 B, and at 3.35 MeV in 10 C are mirror states. The 2 + 2 states at 5.96 MeV in 10 Be, at 7.48 MeV in 10 B, and at 5.38 MeV in 10 C also constitute mirror states. These 2 + 2 states are excited with strong GT and M1 strengths. The M1 strength from the 3 + to 2 + 2 states in 10 B is measured as B(M1)=1.745 � 2 N [6]. F rom this v alue, we can estimate the exp ected B(GT) v alues for the corresp onding mirror states in 10 Be and 10 C by neglecting p ossible contributions from orbital excitations and from the isobar and meson exchange currents [7]. The v alue of B(GT)=B(M1)/2.64 � 2 N =0.66 agrees with the measured v alue B(GT � )=0.68 � 0.02 obtained in the 10 B(p,n) 10 C exp eriment [4]. On the other hand,

Figure 1: 3 He-particle energy sp ectra from the (t, 3 He) reaction at 0 � taken with a triton b eam of 127 MeV/A. The disp ersion matching metho d in charged-particle optics is applied to correct for the energy width of � 23 MeV of the initial triton b eam from the ( 4 He,p+t) breakup reaction. The solid and dotted curves are the results of p eak �tting. The dot-dashed curves represent the non-resonan t quasi-free bac kground. Exp erimental constant background was subtracted.

Figure 2: Isobar diagram for the A=10 system and states with GT + , M1, and GT � transitions from the 10 B ground state. The strong transi- tions in to states in 10 Be, 10 B, and 10 C are in- dicated b y the arro ws. The mirror candidates for the 9.4 MeV state in 10 B hav e not b een ob- served. They are estimated at 11 MeV in 10 B, and at 8 MeV in 10 C. Figure 3: Schematic explanation of the Gamow- T eller transitions from 10 B. A simple alpha clus- ter mo del predicts that 10 C consists of tw o � particles surrounded by tw o v alence protons in a (0,1,0) orbit in terms of harmonic-oscillator or- bits (n x , n y , n z ). F or details, see Ref. [8]. 10 Be is the isobaric mirror nucleus, in which tw o neu- trons are in the (0,1,0) orbit without any e�ects from the Coulom b force. the v alue measured in the present exp erimen t of B(GT + )=0.95 � 0.13 to the 2 + 2 mirror state at 5.9 MeV is larger. This isospin symmetry violation w ould b e p ossible if the n uclear structure di�ers b e- tw een 10 C and 10 Be due to the presence of the Coulom b force. It would b e in teresting to determine whether or not the recent elab orate theories expressed in Ref. [8] can predict the observed di�erence although the mirror asymmetry in allo w ed Gamow-T eller � -decays in light nuclei is a long-standing problem [9]. The nuclei 10 Be, 10 B, and 10 C represen t an isospin triplet. Therefore, the GT and M1 transitions in the A=10 system can b e discussed by inv oking mirror relations. The three states at 3.37 MeV, 5.96 MeV and 9.4 MeV are excited (see Fig. 1(b) ) in the 10 B(t, 3 He) 10 Be reaction at � =0 � . W e conclude that these three states in 10 Be are spin-isospin- ip GT excitations (�S=1, �T=1). In the DWBA analyses for the 2 + 1 ; 2 states (E x = 3.35 and 5.3 MeV) in 10 C observed in the mirror reaction 10 B(p,n) 10 C at E p =186 MeV, W ang et al. [4] sho w that the corresp onding transitions to these tw o states are dominated by �J � =1 + . Thus, one has to conclude that the tw o corresp onding 2 + mirror states in 10 Be at E x =3.37 and 5.96 MeV are due to Gamow-T eller transitions and are the isobaric analog states of the 2 + 1 ; 2 states in 10 C. The recent theoretical calculation [8] in the framework of the an ti-symmetrized molecular dynamics (AMD) predicts that the 10 C n ucleus consists of tw o alpha clusters and tw o v alence protons (see Fig. 3). The mirror 10 Be n ucleus consists of tw o alpha clusters and tw o v alence neutrons. This concept has recently b een discussed on the base of the nucleon transfer data by v on Oertzen [10], and he claims that preliminary evidence for such states exists. The lo cation of the excitation energy for the second 2 + state in 10 Be is b elow the neutron separation energy ( S n =6.81 MeV), while that in 10 C is ab ov e the proton separation energy ( S p =4.00 MeV). As schematically shown in Fig. 3, the Coulom b repulsiv e force acts to separate tw o protons in the t w o-alpha core in 10 C, if the v alence protons lo cate in a sp ecial (0,1,0) orbit as predicted in Ref. [8]. This sp ecial situation originated from the alpha cluster structures in the A=10 isobar nuclei may result in a large di�erence b et w een the GT + and GT � transition strengths from the 10 B ground state. Another question which is not understo o d is the presence of the strong 3 + 1 (2 + or 4 + ) state at � 9 MeV in 10 Be, which is also predicted in a shell-mo del calculation [4]. Since there was no exp erimental evidence for corresp onding 3 + (2 + or 4 + ) states in b oth in 10 B and 10 C, high resolution studies of inelastic proton scattering and charge-exc hange reactions on 10 B has b een done, and we hav e already con�rm a go o d isobar relation of M1 and GT excitations in the A=10 system. References [1] I. Daito, H. Akimune, S.M. Austin, D. Bazin, G.P .A. Berg, J.A. Brown, Y. F ujita, H. F ujim ura, M. F ujiw ara, R. azama, T. Inomata, K. Ishibashi, J. Ja � nec k e, S. Nak a y ama, K. Pham, D.A. Rob erts, B.M. Sherrill, M. Steiner, A. T amii, M. T anak a, H. T o y ok a w a, and M. Y osoi, Phys. Lett. B 418 (1998) 27-33. [2] I. Daito, H. Akimune, S.M. Austin, D. Bazin, G.P .A. Berg, J.A. Brown, Y. F ujita, H. F ujim ura, M. F ujiw ara, R. azama, T. Inomata, K. Ishibashi, J. Ja � nec k e, S. Nak a y ama, K. Pham, D.A. Rob erts, B.M. Sherrill, M. Steiner, A. T amii, M. T anak a, H. T o y ok a w a, and M. Y osoi, Nucl. Instr. Meth. A 397 (1997) 465-471. [3] K. Pham et al., Phys. R ev. C 51 , 526 (1995). [4] L. W ang et al., Phys. R ev. C 47 , 2123 (1993). [5] F. Ajzen b erg-Selv e, Nucl. Ph ys. A 490, 1 (1988); 506, 1 (1990); 523, 1 (1991). [6] E.J. Ansaldo et al., Nucl. Phys. A 322 , 237 (1979). [7] A. Ric h ter et al., Phys. R ev. L ett. 65 , 2519 (1990). [8] Y. Kanada-En’y o and H. Horiuchi, Phys. R ev. C 55 , 2860 (1997). [9] I.S. T o wner Nucl. Phys. A 216 , 589 (1973). [10] W. von Oertzen, Z. Phys. A 357, 355 (1997).