Isoscalar and Orbital Con tributions in M 1 T ransitions Studied through the Symmetry Structure of A = 27 Mirror Nuclei Y. F ujita, a H. Akim une, b I. Daito, b H. F ujim ura, b M. F ujiw ara, b M. N. Harak eh, c T. Inomata, a J. J� anec k e, d K. Katori, a A. T amii, e M. T anak a, f H. Ueno, a and M. Y osoi e a Dep artment of Physics, Osaka University, T oyonaka, Osaka 560-0043, Jap an b R ese ar ch Center for Nucle ar Physics, Osaka University, Ib ar aki, Osaka 567-0047, Jap an c Kernfysisch V ersnel ler Instituut, Zernikelaan 25, 9747 AA Gr oningen, The Netherlands c Dep artment of Physics, University of Michigan, A nn A rb or, Michigan 48109, USA e Dep artment of Physics, Kyoto University, Sakyo, Kyoto 606-8224, Jap an f Kob e T okiwa Jr. Col le ge, Nagata, Kob e 653-0824, Jap an In a mirror-n uclei pair, for ev ery state an analog state of similar structure should b e found in the conjugate n ucleus (see Fig. 1). Because of the analogous nature, M 1 and GT transitions from some state or its analog to another state or its analog are all analogous. The analogous transitions are exp ected to ha v e similar energies and corresp onding transition strengths. Therefore, the mirror- and th us the isospin-symmetry prop erties of the T = 1 = 2 mirror n uclei can b e in v estigated b y com bining the strength and the energy information of analog transitions in � deca y , deca y , and c harge-exc hange (CE) and inelastic (IE) reactions, whic h are caused b y the w eak, electromagnetic (EM), and strong in teractions, resp ectiv ely . The M 1 transitions are caused b y the magnetic dip ole ( M 1) in teraction whose op erator consists of an orbital part g ‘ ‘ and a spin part g s s [= (1 = 2) g s � ]. The M 1 op erator is further rewritten as the sum of IS and IV comp onen ts. On the other hand, GT � deca ys is caused b y a simple � � -t yp e op erator. The situation is almost similar in hadron CE reactions at in termediate energies at 0 � (in the limit of q = 0), b ecause spin-isospin t yp e in teraction is dominan t under suc h conditions [1, 2]. Assuming the dominance of the � � -t yp e op erator, whic h is mostly true for EM in teraction as w ell as for strong in teraction using hadronic prob es at in termediate energy at 0 � , there is a \quasi" prop ortional relationship b et w een the transition strengths B ( M 1) and B (GT), as explained in detail in Ref. [3] B ( M 1) � 3 8 � ( � p � � n ) 2 C 2 M 1 C 2 GT B (GT) : (1) F or the direct comparison b et w een the v alues B (GT) and B ( M 1), w e de�ne a renormalized v alue B R ( M 1) as a v alue B ( M 1) divided b y the factor in fron t of B (GT). W e studied M 1 and GT transitions in the mirror-n uclei pair 27 Al and 27 Si connected with the g.s. of one of the t w o n uclei. B ( M 1) v alues for the M 1 transitions in 27 Al are deduced from the data on deca y up to E x = 8 : 5 MeV, where the proton deca y starts [4]. The go o d- resolution ( p; n )-t yp e CE reaction, ( 3 He, t ) reaction, at 150 MeV/u p erformed at R CNP with a resolution of 160 k eV is used to study B (GT) v alues up to high excitation region based on the prop ortionalit y b et w een the cross sections at 0 � and the B (GT) v alues. The symmetry structure in the mirror n uclei 27 Al and 27 Si is studied not only from the corresp ondence of excitation energies, but also from the \quasi" prop ortionalit y of B ( M 1) and B (GT) v alues for the analogous transitions from the g.s. of 27 Al. As a result of careful comparison of b oth excitation energies and transition strengths, the mirror-symmetry prop erties of the mirror- n uclei pair 27 Al and 27 Si ha v e b een established up to E x = 8 : 5 MeV (see Ref. [3] for details).

Although w e ha v e seen a go o d o v erall corresp ondence for the states in 27 Al and in 27 Si, there are noticeable di�erences in the strengths B R ( M 1) and the B (GT) of the corresp onding states in a lev el-b y-lev el comparison. The di�erences can b e attributed to the di�eren t nature of the op erators in v olv ed in the -deca y and the ( 3 He ; t ) reaction. In an M 1 transition b et w een states with T = 1 = 2, not only the dominan t IV spin term but also the minor IS term can mak e some con tributions. F urthermore, the orbital con tribution, although usually b eliev ed to b e small, can sometimes b e signi�can t [5]. Since the in terferences of the IS term and/or the IV orbital term and the IV spin term are either constructiv e or destructiv e dep ending on the structure of the state, it is exp ected that the di�erences in strengths b y up to � 50 % migh t b e exp ected compared to a pure GT transition [6, 7]. By comparing the analogous B ( M 1) and B (GT) strengths, it is p ossible to extract the com bined con tribution of the IS term and the IV orbital term in the B ( M 1) strength. The ratio of B R ( M 1) and B (GT) for the j th pair of corresp onding states R j ISO ( M 1 = GT) = B R j ( M 1) B j (GT) � 1 R MEC ; (2) should sho w the com bined IS-orbital con tribution to the j th M 1 transition and indicate ho w the IV spin term is mo di�ed. Where R MEC is the enhancemen t factor of M 1 transition strengths from meson-exc hange curren ts, and the v alue 1.4 w as used [3]. The R ISO should b e greater than unit y if the com bined con tributions are constructiv e and less for the destructiv e case. The results are sho wn in Fig. 2 for the M 1 transitions in 27 Al as a function of B ( M 1) " v alue. It is in teresting to note that the R ISO v alue tends to deviate from unit y b y more than a factor of t w o when the B ( M 1) " is less than appro ximately 0.1. This sho ws that the com bined IS-orbital con tribution is rather large in w eak er transitions and the \quasi" prop ortionalit y of the B ( M 1) v alues for � T = 0 M 1 transitions and the analogous B (GT) v alues is lost. This �nding is in terpreted as follo ws; since the IS term and the IV orbital term are alw a ys small, the dominance of the IV spin term of the M 1 op erator is guaran teed if the transitions are at least of a v erage strength. The IV spin term, ho w ev er, can also b e small. Then the relativ e con tribution of the IS term and the IV orbital term b ecomes signi�can t although the transition itself is w eak. References [1] W. G. Lo v e and M. A. F raney , Ph ys. Rev. C 24 (1981) 1073. [2] T. N. T addeucci et al. , Nucl. Ph ys. A469 (1987) 125. [3] Y. F ujita et al. , Ph ys. Rev. C 59 (1999) 90. [4] P . M. Endt, Nucl. Ph ys. A521 (1990) 1, and references therein. [5] Y. F ujita et al. , Ph ys. Rev. C 55 (1997) 1137. [6] E. K. W arburton and J. W eneser, Isospin in Nucle ar Physics , ed. D. H. Wilkinson, (North-Holland, Amsterdam, 1969) Chap. 5. [7] S. S. Hanna, Isospin in Nucle ar Physics , ed. D. H. Wilkinson, (North-Holland, Amster- dam, 1969) Chap. 12.

Figure 1: Sc hematic isospin-symmetry structures for T z = � 1 = 2, o dd- A mirror n uclei. Anal- ogous transitions connecting the ground states in the mirror n uclei with excited states in the same and the conjugate n uclei are indicated. Figure 2: The ratio R ISO for the M 1 transitions in 27 Al as a function of B ( M 1) " ( B ( M 1) from the ground state to an excited state). The ratio is sensitiv e to the com bined con tribution of IS term and IV orbital term in eac h M 1 transition. V alues of R ISO > 1( < 1) suggest constructiv e (destructiv e) in terference of these terms with the IV spin term. F or the de�nition of R ISO , see text.