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New aspects of quenching of Gamow-Tell&T) transitions and magnetic moments are investigated for
p-shell nuclei using an improved shell-model Hamiltonian with enhanced spin-flip proton-neutron interaction
and modified single-particle energies. The present shell-model Hamiltonian thus obtained is used in the con-
figuration space up t2—3%w excitations, and GT transitions and magnetic moments are calculated with bare
g factors and bare axial-vector coupling constant. Manifestation of variable quenching due to changing gap
between @, and 0oy, is presented in GT transitions such'8€— N, 'B—!'Be, and’Li—°Be. A similar
effect is shown for magnetic moments. Better agreement with experimental values is obtained systematically
by using the present Hamiltonian for GT transitions and magnetic moments in mpsthedl nuclei, as well
as for energy levels. Thus, the shell structure is changing from nucleus to nucleus in an ordeilg walgell
evolution), the inclusion of which leads us to an improved description of the GT and magnetic properties. It is
stressed that the anomalous shell structure of exotic nuclei and the GT/magnetic properties of stable and exotic
nuclei are linked through the same underlying mechanism.
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[. INTRODUCTION of the existing magic numbers in certain nuclei. In this paper,
we shall carry out such a study by takipgshell nuclei, thus
The nuclear structure is dominated by the shell structureproviding a test of the shell evolution paradid8i.
i.e., magic numbers. The spherical magic numbers have been The magnetic moments and GT transitions have been
presented for stable nuclei since the work of Mayer and costudied extensively over decades for various nuclei. Theoret-
workers[1]. Recently, however, the possible disappearancécal studies include those fdrS closed corex1 nucleon
of some of these magic numbers and the appearance of ndWw,6], p-shell nuclei[7], sd-shell nuclei[8], etc. A compila-
magic numbers have been suggested for some exotic nucleédn of observed magnetic moments has been presented in
as an effect of the spin-isospin component of the effectiveRef. [9], while GT transitions have been studied experimen-
nucleon-nucleonN-N) interaction in nuclef2]. Various ob- tally for p-shell nuclei as reported, for instance, in R@f0]
served phenomena, as we shall see in detail in subsequeior 1°C, in Ref.[11] for 'Be, and in Refs[12—14 for Li.
sections, can be explained in terms of the variation of theAll these experimental data are discussed in this paper. The
shell gap due to this interaction, with the disappearance gbresent study is made in a manner basically similar to the
magic numbers 8 and 20 and the appearance of new magabove theoretical works, while particular attention will be
numbers 6, 16, and 34 in some of exotic nu¢®j. Thus, paid to modifications of effectivBl-N interactions mainly in
such changes of shell structure and related consequences darir spin-isospin couplings and to new aspects emerging
be studied in terms of the shell evolution paradi@h Inthe  from such modifications.
case ofp-shell nuclei, in particular, the effectivid-N inter- As mentioned above, the effective interaction in fhe
action has been modified in Rg2] in order to incorporate shell has been modified in R€R2] from the Cohen-Kurath
the spin-isospin property of a microscopic interaction basedCK) Hamiltonian[7]. It has been suggested in REZ] that,
on the G-matrix formalism[4], providing a unified descrip- for magic numbers of exotic nuclei, the proton-neutron
tion of stable and exotic nuclei. (p-n) monopole interaction between two orbits =€ + 3
The spin-isospin component of th¥-N interaction is andj_.=¢— 3 plays an important role. This monopole inter-
known to have direct relevance to spin-isospin propertiesction is attractive, but its effects on the neutreif [ orbit
such as magnetic moments, Gamow-Te(l8f) transitions, become weaker as the occupation of the proteh [~ orbit
etc. This relevance should be present both in stable and extecreases. This can be the case in certain neutron-rich nuclei,
otic nuclei. It is therefore of much interest what spin-isospinleading to a larger energy gap betwegn and j_ orbits
properties can be obtained from the effectNeN interac- created by the spin-orbit splitting. The same thing can be
tions that produce new magic numbers and annihilate somexpressed the other way round: the original spin-orbit split-
ting for neutrons can be reduced effectively if a sufficiently
large number of protons occupy the relevantorbit [2]. In
*Email address: suzuki@chs.nihon-u.ac.jp the paradigm of the shell evolution, this is the mechanism, in
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the case off=2, for the vanishing of the magicity al tonian[7] may be weakened and the spin-dependent transi-
=20 and the appearance of the magicitjNat 16. The same tions can become more single-particle-like with larger
mechanism leads to the vanishing of the magicityNat8  strength, i.e., weaker quenching, particularly in certain exotic
and the appearance of a new magic numbed-ats for the  nuclei.
case of(=1. In the present paper, we study GT transitions and mag-
This j~ and j. monopole interaction for the,, and netic moments imp-shell nuclei with modified shell-model
0p;», combination was found to be rather weak in the CKHamiltonians. Here, we take a configuration space ugiio 2
Hamiltonian[7] in comparison with the microscopic interac- or 3w excitations so as to take into account more explicitly
tion based on th&-matrix formalism[4]. Hence, its strength the quenching effects due to the next higher shell in the
in the T=0 channel was made more attractive in R8l.by  spin-isospin modes. We then revise the shell-model Hamil-

the amount tonian for the use in th€2-3%w configuration space. Be-
cause the configuration mixing up téa@ excitations is usu-
A(Op30p1/2;d,T|V|0p30p1s2;d, T) =V, (1) ally good enough, a magnetic operator with the lgpfactors

and a GT operator with the bare axial-vector coupling con-
where V|, stands for a constant independent &f A  stant can be used with such a truncation.
J-independen¥,, means a monopole shift. The valuem In the following section, we will mention how the shell-
was taken to be-2 MeV for T=0, i.e, more attractive by 2 model Hamiltonian is modified in the present study and ex-
MeV for T=0 in Ref.[2]. Note that no modification was amine energy levels for someshell nuclei. We discuss ef-
made forT=1 in Ref.[2] because of no apparent need. At fects of such modifications on GT transitions in Sec. Ill by
the same time, the single-particle energy difference betweet@king an example of?’C. The GT transitions irt'B and °Li

the Ops, and oy, orbits was modified by are investigated in Sec. IV, where we will find large effects
of the variation of the P5,-0p;, gap. The magnetic mo-
Ae,=e(0py) — €(0p3p), (2)  mentis discussed in Sec. V with an example'®{. In Sec.

VI, B(GT) values of GT transitions and magnetic moments
where e(0ps/, or Opy,,) Means a bare single-particle energy are studied irp-shell nuclei for which experimental data are
with respect to the’He inert core of the shell-model calcu- available. As examples of typical features of exotic nuclei,
lation. In the CK HamiltonianAe, is 0.14 MeV, while it  the structure and magnetic moment’dBe are presented in
was modified to be 3.85 MeV in Rdi2]. Note that the latter Sec. VII, while twoN=8 isotones,*'Li and ?Be, are dis-

value was estimated from observed levelSe[2]. Asimi-  cussed in Sec. VIII. A summary is given in Sec. IX.
lar value of Ae,=3.99 MeV or 4.0 MeV was adopted in
Refs.[15] and[16], respectively. _ IIl. HAMILTONIAN AND ENERGY LEVELS
The PSDMK2 Hamiltonian has been used sometimes for o . _ _
p-shell nuclei with thep+ sd shell configuration spadd.7— The Hamiltonian to be used in the present study is basi-

19]. Its p-shell part is the CK HamiltoniafCK (8—16] with cally the same as the OFWHamiltonian. However, since the
slightly different single-particle energies resulting i, present Hamiltonian is used with the inclusion of up(2e-
=0.3 MeV [7]. Its (p,sdV|p,sd) part is taken from the 3)hw configurations, we have to refit parameters of the
Millener-Kurath (MK) Hamiltonian [20], while its Hamiltonian, because the OFUHamiltonian is for the
(p?|V|(sd)?) and ((sd)?|V|(sd)?) parts are from Kuo's (0—1)iw configuration space.
G-matrix calculation[21,22. The PSDMK2 Hamiltonian is When the configuration space is expanded, one usually
very similar to the PSDMK Hamiltonian, while both are in should modify the two-body effective interaction, because
the oxBAsSH packagg22]. In the PSDMK, the CK-POT ver- the effective interaction contains renormalization effects
sion is used for the CK7]. from other shells. In the present case, this modification is
A revised Hamiltonian has recently been introduced inmade empirically by rescaling some of two-body matrix el-
Ref.[2], as referred to as OPU Its p-shell part is basically ements: the matrix elements of the typep?|V|0p?) are
the same as the CK8—16 Hamiltonian but it also includes reduced by a factor 0.93, while those of the type
the modifications mentioned abové], °= —2 MeV in Eq.  (Op|V|(1s0d)?) are multiplied by a factor 0.75. This res-
(1) andAe,=3.85 MeV in Eq.(2). With this OFU' Hamil- caling effect was found to be important to reproduce energy
tonian, the parity inversion in the low-lying energy levels in SPectra of stable nuclei arourtiO [23], and appear to work
gHe and 1lBe is reproduced’ while energy levels :}?C re- n Other nUC|e| as we Sha” see. For bl’EVIty, t“b—l)ﬁ(l)
main almost unchangd@]. This happens because the effect[(2—37iw] space will be simply denoted thé 0 (2/w) space
of Ag, and that ofv}, ® cancel each other in stable nuclei, hereafter. _
whereas the effect of thg.-j_ interaction becomes very A comparison of calculated levels in theh@ space
weak in those exotic nuclei. Thus, this modification is in thel® experimental levels leads us to the energy dap,
line of the shell evolution paradigfi8]. =3.92MeV and the monopole correctionV,, °
One of new aspects expected from this modified Hamil-=—2.14 MeV. These new values dfe, andV, ° are very
tonian is a different quenching in spin-dependent transitionsclose to what have been done in Rgf]. Thus, the Hamil-
As the energy gap between th@{) and Qps, orbits be- tonian of the present study is fixed as referred to as
comes larger than that in the original CK Hamiltonian, the“present.” The single-particle wave functions of the usual
intermediate coupling nature characteristic to the CK Hamil-harmonic oscillator potential are used.
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FIG. 1. Comparison of calculated and experimental energy lev- FIG. 2. Comparison of calculated and experimental energy lev-
els for 19138 isotopes. Calculated energy levels are obtained for theels for 12-1%C isotopes. Calculated energy levels are obtained for the
PSDMK2, and the present and the PSDWBP Hamiltonians. PSDMKZ2, and present and the PSDWBP Hamiltonians.

We now show energy levels of B and C isotopes, as ex- We briefly discuss energy levels PO (*N) shown in
amples, in order to examine to what extent the levels ar&19- 3. As compared to the PSDMK2 calculation, if we in-
reproduced. The B and C isotopes are quite relevant becau§iease onhyAe, by 3.55 MeV, the spacing between the first
there are three or four protons, respectively, m,@in the ~ 1/2° and 3/2" levels becomes wider to a valuel0 MeV.

filling configuration. We will show levels of13e in Secs. Note that this spacing is related to thé spliting of the

VIl and VIII. Op1» and Qpg, orbits, and indeed theS splitting between
Figure 1 shows calculated energy levels of B isotopes fof1€lr hole states in thefi model space. We then include

mass numbera=10 (i.e.,N=2Z)~13, in comparison to ex- Vu =2 MeV, decreasing the spacing to 8.01 MeV. The

perimental ones. Energy levels are calculated by using th@xpansion of the model space and the associated renormal-

PSDMK2 or the present Hamiltonian including up to ization of the interaction further reduce the spacing by 0.63

(2-3)hw excitations. A set of Warburton-Brown Hamil- MeV and 0.50 MeV, respectively, resulting in the spacing of
tonian (WBP) [26] is also used including up to (0—#)  6.88 MeV, which is rather close to the experimental value of

excitations within thep-sd—shell space(this Hamiltonian ~ 6.18 MeV in *°0 and 6.32 MeV in'*N. We thus confirm that

will be referred to as PSDWBPThe present Hamiltonian the LS splitting should be treated reasonably well also to-
reproduces well the experimental energy levels. Although th&vards the end of the shell. Positive-parity states are de-
other Hamiltonians can reproduce experimental levels to &cribed by the present Hamiltonian somewhat too high
similar extent in most of the cases, some differences are seéwhile better than PSDMK2 resuildue to insufficient im-

in 1018 The ground state of’B is a 3" state in the experi- Provement in thesd-shell-related sector of the Hamiltonian
ment. This can be reproduced precisely with the preserds discussed later.

Hamiltonian, whereas the PSDMK2 and PSDWBP produce a The agreement with experiment in Figs. 1-3 seems to
1% ground state. The lowest"1state is nearly 1 MeV high suggest that the present Hamiltonian can handle excitations
both in experiment and in the present. The present Hamil-
tonian locates this 1 state at a correct height, partly because

10

the Opy,, orbit is well above @s),. B —‘:’g _22 7

We show in Fig. 2 calculated energy levels of C isotopes - g 32— 527

) : . = =gt =7, 3/2

for mass numberd =12 (i.e., N=2Z)~15, in comparison to —~ L —_—ap 5/27 32" |
experimental ones. One finds that the three Hamiltonians re- ] I a— Ry
produce experimental levels to a similar extent. In C iso- i 52 52" ]
topes, the proton (8, orbit is substantially occupied. This = 4
means that the neutronp@, orbit is pulled down by the w L .
strong j~-j~ p-n monopole attraction in the case of the - .
present Hamiltonian. In other words, the effective location of or 1/2° 1/2° 127 1/2™
Op4/» does not differ too much among the three Hamilto- " PSDMK2  exp. present PSDWBP ]|

nians. The three Hamiltonians can reproduce not only
positive-parity levels but also negative-parity levels. On the
other hand, towards®C, the neutron effectivg-sd—shell
gap may remain too large in the PSDMK2.

FIG. 3. Comparison of calculated and experimental energy lev-
els for 1°0. Calculated energy levels are obtained for the PSDMK2,
and present and the PSDWBP Hamiltonians.
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FIG. 4. Effect of the modification of the single-particle energies
on the GT transitior*C—*N (14). White histogram denotes the £ 5 Excitation energy anB(GT) value as a function of
caI(_:uIated result for_the GT _transmon by the PSDMK2 I—_|§1m|I_- VIA:O in Eq. (1) [52]. The value O'VIA:O in the present Hamiltonian
tonian. The shaded histogram includes the effect of the modlflcanori"g indicated by dashed lines.
of the single-particle energid$2]. The black one corresponds to
the result of the present Hamiltonian. The experimental faih

are indicated by the solid horizontal line labeled by “EXP.” where a constant value of 6147 is taken from R&#]. In

Eqg. (4), g, andgy are the axial-vector and vector coupling
from thep shell to thesd shell to the extent needed for the constants, respectively; and a bare axial-vector coupling con-

description of quenching effects due to the two-particle—twoSt@ntda/gy=—1.26 for the decay is assumef25]. The
hole excitations. result of the present Hamiltonian is actually in a good agree-

ment with this experimental value. We now show how the
B(GT) value is reduced by|, ° in Eq. (1).
In order to see the effect a1}, °, we vary the value of
We now investigate GT transitions in terms of BBEGT) v}, ° from 0 to some large negative value. Since the 1
value, which is written as ground state of'?N is in the same isospin multiplet as an
excited 1" state of1°C, we discuss the excitation energy of
this 1" state of °C instead ofQ, of the **N ground state.
The excitation energy of this"1state of*?C is shown in Fig.
5 as a function OVIAZO. In the lower part of the same figure,
whereJ; (Jr) denotes the angular momentum of the initial its B(GT) value is exhibited. Note thake, is kept to its
(final) state, andr(7) denotes the spifisospin operator with  present value, 3.92 MeV.
the conventionr_|7)=|v). The structure neaW|, °=0 is still that of the single-
We first show the effect due the,, in Eq. (2) on the GT  particle model with largeB(GT) value. Figure 5 indicates
transition. Figure 4 shows this effect in tHéC—*°N (1)  how this single-particle situation is destroyed & ° is
transition. We start with the PSDMK2 Hamiltonian, of which driven from 0 to large negative values.
the currently relevant part is the CK Hamiltonigf]. The The final state of GT transition, i.e., the first Jstate of
GT transition to the ] state is shown in Fig. 4 by the white 12N, contains about one proton and almost no neutron in
histogram. We then changee, from 0.3 MeV to 3.92 MeV,  0p,, for 0 >V, "°>—4 MeV. This state is connected by
as described in Sec. Il. The GT transition is shown by thehe GT transition from th¢-j coupling limit configuration of
shaded histogram in Fig. 4, which is enhanced from the Ckhe 2C ground state, i.ez0p3,, and v0p3,. Although this
\ialue by about a factor of 3. The excitation energy from theprocess produces lar@(GT) values, this configuration be-
ZC ground state is pushed up too. It is clear that the singlezomes less dominant a8=° becomes more negative. This
particle aspect becomes dominant. TBEGT) value and happens because, H%,fo becomes a larger negative num-

excitation energy by the present Hamiltonian is exhibited in : : ; 1 3 1
Fig. 4 by the black histogram, which is in between. Figure 48er3, ir(;c():t:rirese)rf:reed fa(i,%?felguirﬁtgnﬂ;?p”}? dp?gze cgrazlslzmore
includes the experiment&®(GT) value, which has been ob- 93’2d i the 120 4 stat ) gty the attraction b
tained from the formula mixed in the *“C ground state, owing to the attraction be-

tweenm Ops, and v Op,y,, Or vice versa. Such decreasing

6147 probability of thej-j coupling limit configuration is the ba-

S — (4) sic reason for the monotonic decrease of {&T) value in
(9a/9y)°B(GT) Fig. 5. In addition, this mixed configuration is connected by

Ill. GAMOW-TELLER TRANSITIONS

B(GT)= lor.ll3i)?, )

! J
PR

ft
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the GT transition to the above configuration of the first 1 16 , , , ,
state of 2N with the opposite sign. While the magnitude is —_ 12 — Ohw __
much less from this process, this destructive interference =14 — 2hw ]
makesB(GT) even smaller. Thus, th®(GT) value in Fig. 5 9 12 L - )
decreases so rapidly a4,-° becomes more negative, and | ]
approaches even less than 10% g °<—6 MeV. This 1.0 _EXP_ L L T
region ofV[,fO with large negative value approaches tie 08 [ ] ]
coupling limit [27]. —

We next discuss the excitation energy of thé ground 06 | .
state of 2N from the *2C ground state. Whe¥,, ° starts to 04
move to a negative value, the neutrop,§ orbit is pulled i i
down by protons in P35, and the excitation energy is 02 | -
lowered slightly. The excitation energy then starts to increase 0.0 . . . .

for larger magnitude ot} °. The excited configuration,
. . . *

m0pI, 0p3,X v 0pl, Op3,, is more mixed in the'?C PSDMK2 OFU" present PSDWBP

ground state, pulling its own energy down but the excitation

) 0_

energies of pther stgtes up. Oniy aftfr arodf@p . 4 are obtained by the shell-model calculations withjm Ds0d shells

MeV, an excited configuratiomOpy,, Op3,X v 0pf;, Op3),, including up to Giw (white barg and Ziw (dashed bajsexcitations

begins to be mixed in thé*N state, making the excitation ith the use of the PSDMK2, OPY and present and PSDWBP

energy almost constant but keepiB¢GT) further down. Hamiltonians. Experimental value “EXP” is taken frop0].
Summarizing the above discussions, one can explain how

the excitation energy anB(GT) value are affected bje,

in Eq. (2) andVy, ° in Eq. (1). Figure 5 includes the results  Figure 6 shows calculateB(GT) values for the transition
of the present Hamiltonian, which are in reasonable agree’?c .12\ (1%, T=1), where shell-model calculations are
ment with experimenf10]. It seems that the right combina- performed with various Hamiltonians such as PSDMK2,
tion of Ae, and Vi, 0 is contained in the present Hamil- PSDWBP[26], OFU*, and present. The shell-model con-
tonian, while they are not adjusted to any GT properties. figuration space is taken up t&:& and Ziw. Note that the
The V;, ° term is related to ther-oo interaction as dis- PSDWBP and OFY Hamiltonians are designed for thé®
cussed if2,3]. A stronger attraction i, ° corresponds to  SPace, whereas the others are for the Zpace. One finds
a larger positive strength of ther-oo interaction. As this €MPpirically that the OFU Hamiltonian with the 8w space

: £t
strength becomes larger, in general, the sum-rule state of tHf§$€ds @ quenching factgf"/ga~0.86 to reproduce the ex-

operatoro is pushed up in energy. On the other side, thePerimental value. I
ground state is changed so as to makeBit&T) sum rule In contrast, since the PSDMK2 and present Hamiltonian

smaller, because thB(GT) sum rule and the expectation n the .Zhw space include two—parucle—tvx_/o-hole {2h)
. . . . excitations, there should be no quenching factor due to
value of therrgo term are proportional including the sign.

. oo 2p-2h excitations with them. Indeed, both Hamiltonians can
Namely, the largeB(GT), the higher e_nergf(le_ss b"?d'”@ reproduce the experimental value within about 15% or 10%,
for the ground state. Note that the-oo interaction with the

" : ion f . | respectively. TheB(GT) value is larger by about 30% for
.posmve. sign acts as an attraction for the-j - monopole the present Hamiltonian than the value for the PSDMK2. We
interaction because the exchange process matters as stressgf] gee clearly that, even fdfC, the single-particle aspect

in Ref. [2]. Although theVy,~° term is not precisely like the s stronger in the present Hamiltonian than in the CK, al-
r7-o0 interaction, it contains the above general propertieshough the energy levels look alike between the two. The
rather well. In this view, the general and global trend in Fig.occupation number of ), (Ops/,) orbit in the ground state

5 can be interpreted. When the absolute magnituo‘é[;ﬁiO of 12C is 1.570(6.220 for the PSDMK2, but changes to
is small, contibutions other thanr-oo component such as 1.442 (6.415 for the present Hamiltonian. We notice less
vector component&wo-body spin-orbit as well as the anti- mixing of the Opy, and Qpgj, orbits in the present Hamil-
symmetric spin-orbit termsnay be sizable. The contribution tonian. The result obtained by the present Hamiltonian with
of theL S vector term turns out to be 12% and 6% of the totalthe space up to 22w excitations is close to the observed
T=0 pa/»P1/, Monopole matrix element fov}, °=0 MeV value, that is, Igrger than thg expenmental one only by 9.3%.
and —1 MeV, respectively. Therefore, in the region at There are additional reductions induced by higher configura-

V'I'\'A:ONO MeV, the reduction of the8(GT) value can be tions as well as thd ;x-isobar exchange current: tBGT)

: 0 ¥
connected with the reduction of the vector component of theValue is reduced by-5% due to theAggisobar exchange

o . . Y
interaction. Details of such effects are discussed in R8i. current[29_] and _by 4% by mcludllng tne contrtl)butgns;rom
On the other hand. ©7-°< —1 MeV. thelS vector term dhw conflguratlon space. Name y, the combined reduction
I ' . of B(GT) is about 10%, which brings the result of the
plays rather minor role and the structure becomes dom'”ateﬁlresent Hamiltonian right on the experiment, whereas it

by the 77-go interaction. pushes the PSDMK2 result further down. Note that the factor

FIG. 6. B(GT) values for the transitiod’C—*?N (1,). They
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FIG. 7. (a) B(GT) values for1'B—1'Be (1/2", 3/2°, 5/27). They are obtained by the shell-model calculations with the present
Hamiltonian including up to 2o excitations. Experimental data are taken from R&f]. (b) The same as ife) except that\e , is not taken
to be 3.85 MeV(value in the present Hamiltonigrbut 0.3 MeV[20]. (c) The same as i) for the PSDMK2 Hamiltonian(d) The same
as in(a) for the PSDWBP Hamiltonian within7Q» space with a quenching factor of (0.78)0.61 (dashed and those for the same
Hamiltonian including up to 2w excitations(e) The same as ifg) for the OFU* Hamiltonian within the @ space with a quenching factor

of (0.86Y.

gf\”/gA becomes about 0.95 due to the quenching by theses!'Be (1/2°, 3/2°, 5/27) transitions obtained by using the
two mechanisms combined.
In case of the PSDWBP Hamiltonian, the energy levelsP SDWBP, ande) OFU* Hamiltonians. The space is ofi@

are fitted within the Bw space[26]. When we adopt the
calculated result for th8(GT) value within the &w space,
we need a quenching factars /g,=0.78, a somewhat

stronger quenching than that for the OFU

IV. GAMOW-TELLER TRANSITIONS IN

In this section, we investigate GT transitions froltB

and °Li as well as muon capture reaction ofB.

CalculatedB(GT) values are shown in Fig. 7 fot'B
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A (sec!)
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200

(a)

T T T

20

i3

1B AND °Li

(@) present,(b) present withAe, small, (c) PSDMK2, (d)

for (a)—(c), of 0 and Zw for (d), and of Giw for (e). The
contributions of theA;sisobar exchange current are evalu-
ated[29] and included in theB(GT) values for all Zw-
space calculations.

For the Gw-space calculations by PSDWBP and CFU
Hamiltonians, the quenching factors 0.78 and 0.86, respec-
tively, obtained in Sec. Ill are multiplied to the transition
amplitude. TheA zzisobar exchange current effects are as-
sumed to be included already in these quenching factors as a
result of the fit, and are not explicitly evaluated.

FIG. 8. (a) Averaged transition
rates for B (u”, v,) “Be
(2/27, 0.32 MeV) from the two
i hyperfine state&=1 and 2, cal-
culated for the PSDMK2 and
present Hamiltoniangb) The ra-
tio A, /A _ of the transition rates
from the two hyperfine stateB

PSDMK2
— present  /

P =2 and 1 in*B are also shown

== for the PSDMK2 and present

Hamiltonians. In(a) and (b), ex-
perimental values are indicated by
hatched areal32,33.
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The B(GT) values with the present Hamiltonian show 7 — —
alarge enhancement ¢70+10)% (about 50% over those 9y 9
with the PSDMK2(PSDWBB Hamiltonian atE,<4 MeV. ’l;\ 6 (a) Ll Be i
The OFU Hamiltonian also gives a similar enhancement. As Q) ¢ EXP °
we see from Fig. (), this enhancement may be considered EJ/ 5| i
to stem from the more prominent single-particle nature in — PSDMK?2
1B as a result of the shell evolution, which occurs more 4Lcpresent .
weakly with the CK(or PSDMK2 Hamiltonian. A recent M
measurement of thed®(GT) values by the 1, p) reaction 3 .
[11] supports this enhancement of tB¢GT) values.
A similar enhancement is obtained in the muon capture 2+ -
reaction B (u,v,) ''Be (1/2°, 0.32 Me\). Transition
rates from the two hyperflne states’itB are calculated. The 1+ ® -
calculated statistically averaged transition rate=3A |—] ’:‘]V__‘L
+3A_, whereA, andA _ are the transition rates from the 0= tep— =TI —
two hyperfine state6 =2 and 1, respectively, are shown in 0 2 4 6 8 10 12 14 16 18
Fig. 8@) as a function oy, /g, . Here,g, andg, stand for Ex (M eV)
pseudoscalar and axial-vector coupling constants, respec-
tively. The value ofg, is taken to be the bare ongp/gy 10 ; ; ; ; ;
=—1.26. The rates\ , andA _ are given by — (b) present
= gL - |
3 1 8 Q T
Ay =V| 5 01(2)+ 7gm2(2)%+ £ ua(—8)? el
N 6T 1

\f
- Vem@pa2)], 4t .

A=v[S 24 01224 2 ug(2)? I |
_=V §,U«1(_1) "’gﬂl( ) +§M2( ) .
v
+\ 3#(2)ma(2) ], (5 5 . . . . .

- 0 5 10 15 20 25 30
whereV=4(aZm,)3q? [(2J;+1)/(23;+1)], with J; (J;)
being the spin gf the initial(final) nuclear state. Here, EX(MeV)

ni(k)’s are matrix element$30] with transferred angular FIG. 9. (a) B(GT) values for°Li—®Be (1/2°, 3/2°, 5/2°).
momentumJ; |J;— J;|<J<J;+J;, andk denotesv,, states:

“ * They are obtained by the shell-model calculations with the use of
k=-—1, _2, and—3 corresponds tos,, 1ds;,, and sy, the presenthatched and the PSDMK2(blank Hamiltonians in-
respectively. cluding up to Zw excitations. Experimental values are taken from

The rates obtained by the present Hamiltonian are enref.[34]. (b) Sum of theB(GT) values for°Li— °Be. White bars
hanced by about 70-80% compared to those by the PStenote calculated values obtained by the present Hamiltonian while
DMK2 Hamiltonian [31], which were smaller than the ob- black bars represent experimental datp to 12 Me\j.
served valu¢32]. This underestimation by the PSDMK2 has

remained a puzzle since enhancement instead of quenchi
has been needed to explain the experiment. Such enhancﬂgo 022[33], while an old one gives an upper limit for the

ment is unlikely in the spin-isospin dependent transition. Therat||o n?melyt,<(t)h26F[)?é2ACThel pretienttﬂarglggr:\lﬂa;zfal\tlors alld
experimental value of the raté,~1000+100 sec® [32], is value closer (o the value than the wou
more consistent with the results of the present Hamiltoniar?® dUite interesting to carry out muon capture experiments to

as the new results suggest the necessity of the quenchir‘ﬂé)tain a more accurate value of the ratio as well as those of
effects. the reaction rates.

The ratio of the transition rated, . /A _, is also studied. A remarkable improvement in the theoretical description
Calculated results for the ratio are shown in Figh)g Can be seen also in the GT transitioflsi—°Be (1/2,
Smaller values for the ratio are obtained for the presen8/2”, 5/27). The results are shown in Fig. 8(GT) ob-
Hamiltonian than for the PSDMK2. For a given value of thetained for the present Hamiltonian is enhanced around
ratio A /A_, g,/ga is shifted by about 1 by the present E,=11-12 MeV region, and the strength is shifted toward
Hamiltonian compared to the PSDMK2, df,/g, is around  higher excitation energy compared to the PSDMK2. Agree-
its PCAC value of 7. Up to now, experimental information ment with the experimental valu¢84] is considerably im-
on the ratio is not sufficient. An experiment gives 0.015proved for the present Hamiltonian.
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1.1 T T T T prediction. This deviation is remedied considerably in the
’\Z Lok 12 o Ohw - resu!t of the (_)FL’B Ham_iltonia_n, which produces re(_juce_d
< ' N o 2hw admixture of higher configurations. The present Hamiltonian
~ 09 L i gives us rather similar results to the OFUOn the other
E hand, the Zw result is still too high without the isovector
2’ 0.8 | . correction of the orbital contribution. In fact, once the cor-

o rectedg(“)’s are used, the calculation can reproduce the ex-

0.7 F o 1 periment quite well. Note that nothing has been adjusted to

06 k- * i the measured magnetic moment.

Thus, one sees that the present Hamiltonian seems to be

05 ° o . more suitable for the description of magnetic moment of

04 L EXP v | p-shell nuclei owing to its modified spin-isospin and single-

) particle properties. This expectation is to be examined with

03 . . . o other nuclei in the following section.

PSDMK2 OFU* present present-IV
VI. SYSTEMATIC SURVEY OVER p-SHELL NUCLEI

FIG. 10. Magnetic moment of the ground state'@l. Experi- - .
mental value is taken from Ref§35,36G. Calculated values are We shall now test the predictions of the present Hamil-

indicated by oper0%w) and closed2kw) circles. The PSDMK2, tonian_systematically. The calcu!atBiGT) values for GT _
and OFU and present Hamiltonians are taken. The present-IV refransitions and those of magnetic moments are summarized

sult includes the isovector correction gé’)’s. in Tables | and I, respectively, fgr-shell nuclei with experi-
mental data availablg9,35—-37. ExperimentalB(GT) val-
V. MAGNETIC MOMENTS ues are derived from observed lbgvalues by using Eq4)

. . . ) with ga/gy=—1.26 [25]. The Fermi transition strength is
We now turn to another major subject of this paper. mag'subtreglét(ga/ from the denominator on the right—handgside of
netic moment. The magnetic moment operator is written aSEq. (4) i it exists. As we see from the tables, in most cases
where the PSDMK2 Hamiltonian gives reasonable account
of the experimental values, our modifiéde., OFU* and
present Hamiltonians give generally better agreement with
'the observations, though the improvements are rather mod-
est. In cases where substantial deviations are found between
the PSDMK2 results and the experimental values, the modi-
he b i f heref bl d fied Hamiltonians give remarkable improvements. Experi-
T(S$: 5a r: SPIY th(os)rieir:, é cre ﬁre, r(;asonﬁ_ € an V_\Il_f] us ental values are reproduced better in most cases by the
97 = 9/_“'\‘ andg, "=~ . Jun t roug out t IS paper. 1N€ - mqdified Hamiltonians, also as compared to the results of the
3|tuat|on' is sllghtly different for orbital contributions, be- PSDWBP and PSDWBT37] Hamiltonians.
cause sizable isovector effects from meson exchange pro- pqr G transitions, improvements are minor, probably be-
cesses have been kno{#6]. Thus, in many cases discussed ¢ ;se they occur between nuclei closer togkgtability line.

below, an isovector cogrectlon afg'y), = ifo-lsﬂN IS The exceptions ar€C and °Li. Here, one does not find
cluded, which mea”%igr).zl-lam and gf)=—0.15uy.  much improvement. Since these are mirror nuclei, their log
The results are then indicated by the label “IV.” Note that ft values should be equal in view of the isospin symmetry.
89\, =+0.15uy is a commonly used value. For results The isospin symmetry, however, may be broken significantly
without IV, the bare valueg'” =1 and g{?=0uy are  because of loose binding. On the other hand, the experimen-
employed. tal log ft values are still quite close to each other. It is an

Figure 10 shows the magnetic moment of the ground statepen question whether this is an anomaly or not. We shall
of 2N. Calculated values are obtained with PSDMK2, andcome back to these cases when we discuss their magnetic
OFU* and present Hamiltonians within théi® and Zw  moments. Amon@(GT) values, the largest improvement is
spaces, while the first and the last are designed for the 2 found in the GT transition*C— 14N (155); theB(GT) (log
space and the middle one for théd space. ft) value is decreased by a factor of 166creased by 2)2

In a naive picture, the magnetic moment'di is the sum  when the present Hamiltonian is used instead of the PS-
of the contributions ofrpy, and vpsp; w=—-g+1(g®  DMK2 [35]. This is due to an improved cancellation among
+g(f))= —0.12uy . Due to the mixing of other configura- contributions from vector and tensor components of the in-
tions with the excitation fronp,, to py/,, the transition mo- teraction.
ment between these orbits affects the above value, enhancing The agreement of the calculated magnetic moments with
the moment in this case. Since the PSDMK2 Hamiltonianthe experimental values is also improved, as expected from
causes this admixture to be too strong duepig andp,,  the preceding section. We notice that the isovector correction
single-particle energies being nearly degenerate, the calcte theg'“’’s improves the agreement in many cases or keeps
lated magnetic moment overshoots the experimental valughe result nearly unchanged in most other cases.
Note that the @ w value of PSDMK2 is nothing but the CK  Let us take!?B-2N mirror pair as an example. The mag-

a=000,+900 0, + 975, +9Ps,, 6

where ¢ and$§ stand for orbital and spin angular momenta
respectively, and thg'’s with superscripts and s denote
similarly orbital and spirg factors. The shell-model calcula-
tions shown below are carried out basically in thesZpace.
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TABLE I. Calculated and observeBi(GT) values inp-shell nuclei. Calculated values are obtained in the configuration space indicated
on the second row. Calculated values for PSDWBT are taken from[8df.

Transition Experiment PSDMK2 OFU Present PSDWBP PSDWBT
T, I Ty

Space Bw 2hw Ohw Ohw 2hw Ohw Ohw
SHe— 0L 4.763(12) 5.451 5.463 5.615 5.593 5.593 3.900 5.750
0*1, 1*0

Be—"Li

3-13-1 1.3115) 1.613 1.614 1.519 1.509 1.509 1.638 1.589
§-11-1 1.1328) 1.303 1.305 1.294 1.289 1.290 1.289 1.317
8He—8Li 0.264(5) 0.3971 0.4665 0.3800 0.2921 0.3293 0.0297 0.2005
0"1, 1"1

)c-°B

§-3 3-1 0.020637) 0.0842 0.0724 0.0886 0.0826 0.0757 0.0267 0.0514
$-3 5-1 0.013@51) 0.0477 0.0542 0.0567 0.0529 0.0549 0.0108 0.0421
°Li—%Be

§-3 3-1 0.019@11) 0.0842 0.0724 0.0886 0.0826 0.0757 0.0267 0.0514
3-3 5-1 0.028533) 0.0477 0.0542 0.0567 0.0529 0.0549 0.0108 0.0421
1oc 18 3.4678) 4.545 4.992 4.400 4.414 4.712 4.722 4.634
0"1, 1'0

uc . 1g 0.347245) 0.5283 0.5391 0.5695 0.5927 0.5876 0.7880 0.6796
3-1 3-1

2 212 2

i, 11Be 0.008624) [12—-14 0.0787 0.0654 0.1030 0.1030 0.0656 0.0850 0.0732
3-5 1-3

2 212 2

1ZB~>12C

171, 070 0.328815) 0.3508 0.2467 0.4024 0.3867 0.3228 0.4820 0.5064
171, 20 0.029810) 0.0437 0.0334 0.0394 0.0352 0.0299 0.0227 0.0393
12N~>12C

171, 070 0.295021) 0.3508 0.2467 0.4024 0.3867 0.3228 0.4820 0.5064
171, 270 0.02735) 0.0437 0.0334 0.0394 0.0352 0.0299 0.0227 0.0393
?Be— 1B 0.6243) [39] 1.526 1.305 2.047 2.079 1.349 2.123 1.786
0t2, 1"1

13B—>13C

§-3 1-1 0.358(50) 0.5249 0.4371 0.5744 0.5651 0.4999 0.6523 0.6190
$-3 3-1 0.13715) 0.1059 0.0763 0.2325 0.2479 0.2071 0.2469 0.1391
§-3 5-1 0.018143) 0.0060 0.0022 0.0176 0.0167 0.0122 0.0023 0.0135
130,13\

3-8 1-1 0.322183) 0.5249 0.4371 0.5744 0.5651 0.4999 0.6523 0.6190
3-3 3-1 0.11026) 0.1059 0.0763 0.2325 0.2479 0.2071 0.2469 0.1391
§-3 5-1 0.010671) 0.0060 0.0022 0.0176 0.0167 0.0122 0.0023 0.0135
3N 13c 0.196@38) 0.2817 0.2218 0.2681 0.2702 0.2109 0.2403 0.2484
1-1 1-1

2 212 2

14B 14C

272,171 0.29140) 0.3124 0.2695 0.3752 0.3598 0.3273 0.3060 0.3257
272,371 0.0382) 0.0517 0.0338 0.0571 0.0523 0.0399 0.0646 0.0350
1AC—>14N

0"1, 1'0 0.346(3)<10°¢ 0.02259  0.00831  0.00922  0.00329  0.53®* 0.00651 0.0175

044302-9



TOSHIO SUZUKI, RINTARO FUJIMOTO, AND TAKAHARU OTSUKA PHYSICAL REVIEW C67, 044302 (2003

TABLE I. (Continued.

Transition Experiment PSDMK2 OPRU Present PSDWBP PSDWBT
I, I Ty

140_> 14N

071,170  0.202(4)x10°°% 0.02259 0.00831 0.00920 0.00329 0.53m 4 0.00651 0.0175
01,170 2.818106) 4.803 4.640 4.579 4.577 4.448 4.539 4.445
150_> 15N

1+3 1+1 0.297842) 0.3440 0.2381 0.3468 0.3679 0.2297 0.2919 0.4552
1+3 3+1  0.491(56) 10% 0.0103 0.43%10 2 0.700<10 2 0547102 0.273x10°2 0.843x10°4 0.521x10 2
50— 15N 0.249G20) 0.3333 0.3172 0.3333 0.3333 0.3202 0.3333 0.3333

netic moment of the ground state N was discussed in the 1.00uy. The CK Hamiltonian, however, drives down the
preceding section, with a naive estimate= —0.12u, . We  moment excessively to 0.pQ, due to too strong mixing be-
have seen in Fig. 10 that the present Hamiltonian combinetiveen (3, and Q5. In fact, the CK (or PSDMK2
with the correctedggf)’s can reproduce the experimental changes the magnetic moments'é8 and >N too much by
value, 0.4ty . the mixing, the resultant values show('?B)< u(*?N),

A similar situation occurs in*?B. The same naive esti- whereas experimentally the relation is opposite. The present
mate gives usu=9g"+3(g¥+g!¥)=1.884y. This is Hamiltonian produces values close to experiment, because of
much too large as compared to the experimental valueveaker mixing, and satisfies the relatipif*?B) > w(*°N).

TABLE II. Calculated and observed values of magnetic momenis-shell nuclei in the unit ofwy . Calculated values are obtained
within (2—-37%w space except for the CK, and OFland PSDWBP Hamiltonians, where the configuration space is restricted 16«
excitations. In the column CK, values marked with an asterisk are actually obtained by using the PSDMK2 Hamiltonia®-1he
space instead of CK8—16. The label IV denotes that the mesonic correction to the isovector ogofedtor is included.

Nucleus Experiment CK PSDMK2 OPUIV Present Present-1V PSDWBP-IV
Li 3.256428617) 3.235 3.236 3.253 3.232 3.247 3.150
8Lj 1.6535618) 1.377 1.386 1.687 1.759 1.691 1.226
B 1.03553) 1.298 1.282 0.912 0.839 0.907 1.460
OLi 3.4391(6) 3.471 3.446 3.552 3.423 3.533 3.660
°Be —1.1778(9) —1.288 —1.277 —1.169 —1.081 -1.172 —1.451
°B 3.109 3.098 2.946 2.859 2.949 3.276
°C —1.3914(5) —1.585 —1.566 —1.640 —1.514 —-1.625 —1.768
18 1.80064485) 1.811 1.813 1.811 1.814 1.814 1.828
0B (1) 0.6312) 0.778 0.815 0.786 0.810 0.810 0.793
) 3.667825) 3.793 3.715 3.943 3.549 3.658 3.943
Be —1.6816(8) —1.705 —1.740 —1.666 —1.632 —1.661 —1.562
] 2.688648910) 2.534 2.480 2.739 2.614 2.7175 3.012
e —0.964(1) —0.806 —0.753 —1.000 -0.871 —0.975 —1.238
g 1.0030615) 0.599 0.399 1.073 0.741 0.929 1.122
2N 0.45735) 0.778 0.976 0.310 0.641 0.452 0.248
] 3.17785) 3.097 3.008 3.270 3.032 3.194 3.326
85c 0.702411814) 0.700 0.755 0.591 0.707 0.646 0.532
18N —0.3222(4) —-0.334 —0.385 —-0.227 —0.340 —-0.278 -0.173
130 —1.3891(3) —1.333 —1.251 —1.505 -1.271 —1.434 —1.552
g 1.1855) 0.997 0.989 1.111 1.014 1.117 0.898
UN 0.403761 0.326 0.327 0.327 0.329 0.329 0.334
58 2.65915) 2.596 2.585 2.669 2.577 2.669 2.935
5C —1.720(9) —1.804 —1.785 —1.800 —1.769 —1.776 —1.9147
5N —0.28318884(5) —0.264 -0.279 —-0.164 —-0.278 —0.186 —0.164
50 0.718%8) 0.638 0.652 0.538 0.650 0.559 0.538
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- T The quenching of spilg factors[5,6] can have some ef-
S04 | V"= P fects on the value of magnetic moments. The coupling to
3 S— present (2-3hw higher than2—3%» configurations quenches the spjifiac-
£%°7] tors, while the MEC enhances it. Although there are several
E_O‘z_ contributions tosgs and they may vary from nucleus to
El nucleus, a single value af¢'"/g; is taken for allp-shell
£01 H.I_ nuclei, for simplicity. We takey®'"/gs=0.95 for the isovector
E lna | sping factor, as the same valugs' /g,=0.95, was obtained
Li 8Li 8B °Li 9Be °C 10B 11Lj llgellp !IC in Sec. Ill by fitting theB(GT) value in '%C to experiment.
Effects of the change af.’ are found to be rather small in
T A=7-14 system. The root mean square deviation of the
=0.4 7 c———— PSDWBP (ohw) calculated magnetic moments from the experimental ones
o c——————= PSDMK2 (2-3hw) ) . .
B S— present (2-3hw remain almost unchanged iA=7-14 system, that is,
~0.3 .
= 0.08Quy, for gL’ =0 in the present-IV case and 0.Q83for
£ v vV _
,L_\O.Z— gs,eff/gs —095
\_g/ Effects of 5gp[Y2><§]l term on the magnetic moments
€017 can be significant in some nuclei such’@s, *°0, N, and
= B3¢, where the @4,,-0py,, transition is dominant. The ef-

l2g 12\ 13 13¢ 13N 13 14 14N 15 15C 15N 150 fects can be as large as 16—45 % of the experimental values
for 5g,'=1.0 [5,6] for the isovector term. In some other
FIG. 11. Deviations of calculated magnetic moments from ex-nyclei such aB, C, 12N, 30, and !B, the effects are
perimental ones fop-shell nuclei with five Hamiltonians as indi- gmaller but not negligible, as large as 4—7 % of the experi-
catt_ed in the figurlev. Here, t_he isove_zctor mesoni; correction to th?nental values. In most of these nuclei, inclusion of b};ﬁﬁ
orbital g factor, g;"=0.15, is used in all calculations. and 6g,, in isovectorg factors improves the agreement with
We next briefly discuss th&'B-11C mirror pair. The @, gxperiments, especially k=15 and 13 systems. The devia-
occupation number becomes smaller by the present Hamifion of the calculated \gllue from the qbslirved one becomes
tonian than that by the PSDMK2, due to a weaker mixing?> small as O-OQQngn N, —0.072uy in 10' 0.018uy in
between @y, and (psj,. This leads to slightly larger mag-  ©» —0-03%uy in ™N, and —0.02Quy in ‘0. Tfllze devia-
hitude of the magnetic moment for the present Hamiltoniarfion s found to remain as small as0.0134 for ™N. The
in both B and !C. This is also the case with®B-30  effects of theé_gpterm are smaller and |nS|gn|f|can_t for other
mirror pair, though the difference is rather small. p-shell nuclei. The root mean square deviation far
For pairs of mirror nuclei such a&i-®B, B-1'C, and =I\Z—14 systems becls)/mes a smaller_vglue_of %7_70r
12312\, the isovector part of the magnetic moments be-9serf9s=0.95 andég,”=1.0. The deviation is diminished
comes closer to experiment by the modification of theto —0.164uy in °C, the largest case in Fig. 11. The effect of
Hamiltonians, while the isoscalar part is not affected sodg,” on a magnetic dipole transitiot?Cy—**C (1%, T
much, as can be seen in Table Il. Those are mirror pairs witie 1, 15.1 MeVj, for example, is found to be insignificant.
higher isospin, and should be more sensitive to the change &alculatedB(M1) values are 2.42)6@ and 2.515c§ with
the spin-isospin component of the Hamiltonian. and without theg'pvzl.o term, respectively. Here, bare spin
Magnetic moments of unstable nuclei recently measuredand orbitalg factors are used. These values can be compared
B and B [39], are also well described by the OFdnd  with the experimental value of (2.8970.060).2 [35]. The
present Hamiltonianésee Table ). discrepancy can be explained by the MEC current effects
Finally, we show in Fig. 11 the deviations of the calcu- that enhance thB(M1) value by about 15%29].
lated magnetic moments from the experimental ones. We no- From an overall inspection, one notices that the major
tice that the present Hamiltonian results in the smallest dedeviations remain irfB and °C [41]. Both are well known
viations in most of thep-shell nuclei, especially for those wjith their small proton separation energies, and it is likely
with smaller mass numbers. In this study, the spifactors  that such loose binding changes their magnetic moments.
are kept unchanged. In Re#0], meson exchange current Thjs issue is beyond the present study where the focus is on
(MEC) effects were studied ip-shell nuclei in(0-2%w con-  the role of the effective nucleon-nucleon interaction. The is-
figuration space. The MEC contributions were found to im-sue of loose binding should be studied in the future. It is of
prove the agreement between the calculation and ObSGI’VQﬁIterest that one can p|Ck up such Specia| cases in this sys-
values. The effects can also be simulated by renormalizegématic comparison.
spin and orbitaly factors. Fitting by parametrization without  QOther notable deviations are found towards the heavy end
MEC in p-shell nuclei in (0-2%w space leads t09g,"  of the figure, though some part can be remedied by the in-
~0.22 andsg.’ ~0.55 (595’ /gy’ =0.12) for isovectog fac-  clusion of theﬁg'pv term just discussed above. This is natural
tors andsg°~ g~ 0 for isoscalar onep40]. This result  because couplings witsd-shell configurations should be-
seems to support the use&gj'}’=0.15 without quenching of come more important in this direction, but ted-shell part
0s in the present calculation. of the Hamiltonian remains untouched so far. This is another
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T T T T T ues can be compared to the observed spectroscopic factors
— 52" 32 g ap _ap 73-77 %[43] and 84%[44].
2L 4
T 512" ] Vill. N=8 ISOTONES *Li AND ““Be
> — T A A—— . o
21r 2 52 Finally, we comment on nuclei witNi=8 near the neu-
< 12t {  tron drip line: !Li and ?Be. In these nuclei, due to the
m ok 2. 12 1/2. 2 12 | small Z, the protonp,, is rather vacant, and the neutrpgy,
—p 1ot —— 10" is not pulled strongly down by th¢.-j- p-n monopole
interaction, and stays rather high. This makes the gap be-
1 Fpspmk2  exp. present  present’ PSDWBP tween (o, and 1s,;, for the neutrons smaller. Due to this
smaller gap and occupations upNe=8, more excitations to

, . the sd shell are likely to occur intlLi and '?Be. Thus, for
FIG. 12. Comparison of calculated and experimental energy lev; . . .
els for 'Be. Calculated energy levels are obtained for the Ps_these two nuclei, the |nte_ract|on must be well tyned for the
DMK2, and for the present and the PSDWBP Hamiltonians. For theSd'SheII sector too. We will not address such an |s§ue fully in
present Hamiltonian, see the text in Sec. VIII. the prgsent_ paper. Here, a rather simple attempt is Faken. As
a minimal improvement from the present Hamiltonian, we
introduce two simple modificationgl) The single-particle
energies of thesd shell should be lowered by 0.3-0.5 MeV,
(2) the pairing matrix elementOp?,,,J=0T=1|V|1s?,,J
=0,T=1) is increased to 1.0 MeV. Note that this value of
pairing is reasonable in terms of global systematics, but is
stronger than the PSDMK2 value. First of all, by these
changes related to thed shell, the descriptions qgb-shell
comparison to experimental ones. As emphasized in[Rgf.  nuclei with N<7 are not changed much. For instance, the
the modification of the Hamiltonian in terms dfe, in Eq.  magnetic moment of'?B ('°N) is changed, from its
(2) andV}, %in Eq. (1) enables us to describe the anomalouspresent-IV value of 0.929, (0.452u,) to 0.918y
ground state of'Be correctly within the same framework as (0.464uy).
for other stable and exotic nuclei. The results in Fig. 12 are Note that the modifications made in Sec. Il are all for the
obtained in the 2w space, whereas those reported in R2f.  p-shell part, and contain no changes for parts involving
were obtained in thefw space. The same mechanism deter-sd-shell orbits. The Hamiltonian containing the above
mines level structure in both cases, though. changeg1) and(2) will be referred to as the preséniamil-

We here discuss the magnetic moment*48e. Calcu- tonian.
lated values are shown in Fig. 13. The observed vdagis In case of the PSDMK2 Hamiltonian, a large modification
close to those obtained by the OFHlamiltonian in the £  of the single-particle energies of tisel shell, as large as-3
space and present Hamiltonian in thee3space. The occu- MeV, was necessary to bring about sufficient admixture of
pation probability of the &;,, orbit, which is primarily  the sd-shell componentfl8,19. This is simply because the
coupled to the'®Be (0") core state in thé"'Be wave func- neutronp,, is effectively much lower in*'Li and '%Be in
tion, is 73—74 % for the Hamiltonians used here. These valthe PSDMK2.
The total probability of purg-shell components in the

important future problem, which will be touched upon briefly
in Sec. VIII.

VII. STRUCTURE AND MAGNETIC MOMENT OF !Be

We show in Fig. 12 calculated energy levels BBe in

-1.0

z
= a2}
=
=

EXP o

1lBe o 1f|1W

* 3hw
with 3g®)

[ e}

PSDMK2 OFU" present PSDWBP

ground state is 39%44%) for 1Li (1?Be) with the present
Hamiltonian, whereas it is 60%59%) with the present
Hamiltonian. TheB(GT) value for ?Be thus obtained is
1.016 compared with the value of 1.349 for the present
Hamiltonian, indicating certain improvement in the agree-
ment to experiment.

TheB(GT) (log ft) value for 1Li in the same calculation
is 0.0412(4.973, which is still far from the experimental
value in Table I, which is the averaged one for the three
values 0.0101@85 [12], 0.0083181) ([13], and
0.007 2450) [14]. On the other side,*'Li has a well-
developed neutron halo, and we shall take into account its
effects on GT transitions in a simple manner. By using a
Woods-Saxon potential, thesi, radial wave function is
generated by adjusting the potential depth so that the energy
eigenvalue is—160 keV, which is adopted from the average
observedS,, =320 keV [45]. The potential radius and dif-

FIG. 13. The same as in Fig. 10 for the magnetic moment offuseness are assumed to be 2.5 fm and 0.65 fm, respectively.
HBe. Experimental value is taken from Rg42].

These are within the range of usual values. Note that this

044302-12



GAMOW-TELLER TRANSITIONS AND MAGNETIC . .. PHYSICAL REVIEW C 67, 044302 (2003

wave function at this energy region is not very sensitive to - .
these parameters anyway. The rms radiussgf,turns out to
be about 10.6 fm, which is the major source of the neutron o
halo of 1Li. Our shell-model calculation indicates that the ar 1
mixing probabilities are about 1/2, 1/4, and 1/4, respectively, -0
for the (0py)2, (1S1,)?, and (Qs,)? configurations of the
last two neutrons. The radial wave functions g, and - -
0dg, are calculated similarly. The rms radius of the last neu-
tron of *'Li then becomes 7.1 fm, which can be compared to
a recent experimental estimate, 6:3138 fm[46]. By using
these single-particle wave functions with slowly damping
tails, theB(GT) value is calculated as 0.009 49, as compared
to the above-mentioned averaged value of experimental data: L -
0.008624) [12—14. This analysis is a quite simple one, but
already suggests how much GT transitions can be further
retarded by loose bindind3(GT) is reduced by 77%. We o- — 0" 0 o'
also note that this is probably the maximum change of
B(GT) due to neutron halo.

Th? above modificgt.ionsl of ths‘,j'Sh?” single particle FIG. 14. Calculated energy levels &Be as well as the experi-
energies and the pairing interaction induce rather small,antal ones.
changes in calculated magnetic moments, as small as about
1%. The exception i$'Li, where the gap betweenpq,, and
1s,), is smallest among the cases considered, and moreover,
N=8 means the highest sensitivities to such modificationsi€cent observed value &= 2.2 MeV [48]. The other low-
Due to this subtleness, the presehtamiltonian actually lying levels are reproduced similarly well. Because of strong
gives us a somewhat larger deviation from the observe@xcitations from thep to the sd shells, the configuration
magnetic moment, 0.16,. The modifications(1) and (2) space is taken up tdi. Thesd-shell part of the § and Oy
mentioned above for creating the presddamiltonian have wave functions are of pairing type, with strong mixing of the
opposite effects on the magnetic moment. (15,52 component. Th@-shell wave function/(0py,)? is

The contamination of spurious states is eliminated by théts major mixing partner. Relative mixing amplitudes be-
method of Ref[47], while it is monitered in terms of the tween thEV(lsl/z)z and V(OplIZ)Z Components Change Sign
expectation value of the harmonic oscillator qualtéhout  petween the first and second Gtates. The second Olevel
the zero-point oscillation contributiprof the center-of-mass s raised to around 3.6 MeV for the PSDMK?2 Hamiltonian,
motion. This value should be vanished for a spurious freg e the %,,— 0py,, effective gap is much wider. In this

state, and it turns out to be, for instance, 0.000 03, 0.000 02case the Q and Oz+ states are of nearly puréi® and Zo

H 2 1% ;
and 0.00003, respectively, fof*N (ground state "i configurations, respectively. Furthermore, the spacing be-

(ground stat and ™'C (first 1" statg with the most relevant tween these two states shows certain sensitivity to the pairin
Hamiltonians. Thus, the mixing probability of the spurious . ; y P g
atrix elements of the ©,, and 1s,,, orbits, and therefore

states is quite small. On the other hand, when the space lﬁ
the present result may suggest the range of the strength.

extended to the completeid space of 8-Op-1s0d con- . o Ix e ;
figuration, the spurious states can be separated completely. YMlthout the above modification of the pairing matrix ele-
ment, the g state comes down as low as 1.4 MeV. The

this case, the Hamiltonian is changed and hence all th L R ) 4
physical observables can be changed. A shell-model HamiB(E2;0; —27) value is calculated to be 2&dfm* (17.1
tonian is constructed associated with a particular modeYV-u.) with the use of the effective charges ef=1.5 and
space, and the tune-up of the Hamiltonian is more difficult in€n=0.5. ThisB(E2) value corresponds to the decay rate of
the complete space due to higher complexity than in a mord.8x 10° sec’*. This B(E2) value is much enhanced com-
restricted space. In the case ¥Be discussed in the preced- Pared to the one for the PSDMK2; 0&57fm* (0.35 W.u).
ing section, the magnetic moment calculated by the WBFAS the experimental branching ratio of tR transition is
(WBT) [22] Hamiltonian in the 8-0p-1s0d configuration — about 17%[ 48], the mean lifetime of thep state is esti-
space turns out to be 1.492uy (—1.512u,), which differs  mated to be about 100 ns. This falls within the experimental
more from the experimental value as compared to the PSD:ange of the mean lifetime for the;Ostate between 50 ns
WBP (PSDWBT) value of —1.523uy (—1.59%zy). Never-  and 10us[48].
theless, it may be of much interest to derive a complete- It is of interest what levels the presémiamiltonian pro-
space Hamiltonian in a way consistent to the presenduces for!'Be. Figure 12 includes such results, where one
Hamiltonian. finds that the intruder 1/2ground state is better reproduced
At the end, we discuss the energy levels &l transi-  with a wider spacing to the 172excited state. This suggests
tions of 12Be. Calculated energy levels 6fBe are shown in  that the presehtHamiltonian is on the right track, but a more
Fig. 14 as well as the experimental orhd8]. The second 0 elaborate systematic study is needed to find out a reliable
level is obtained arounH,=2.2 MeV, which is close to the shell-model Hamiltonian for heavigr+ sd nuclei.

+

E, (MeV)
o

exp. present’ PSDMK2
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IX. SUMMARY present Hamiltonian, we can explain branching ratios of pro-
eﬁon emission after GT transitions i*C— N [49] better
than with the CK.

Thus, we can confirm that the modification of the Hamil-
ttonian required for the description of the structure of exotic
nuclei has a general and different aspect that can improve
gpin—isospin properties of nuclei such as GT transitions and
magnetic moments. Since the modification has been pro-
posed in the line of the paradigm of shell evolution, the
present study provides us with another strong support to this
paradigm([2,3]. While this paradigm is about important and

In summary, we have made a systematic shell-mod
study overp-shell nuclei, stable and unstable. A modified
Hamiltonian that properly takes into account an importan
role of thej~-j - p-n monopole interaction was introduced,
as referred to as the present Hamiltonian. The calculation
were carried out in th@+sd space up tq2-3Aw excita-
tions from thep shell. The present Hamiltonian is an im-
proved version of a similar but original Hamiltonian, OFU
[2], used in thg0—-1#Aw shell-model space to illustrate basic

pg;rlgzlce?gfgf\r/rl]gg rfgfc(sn_daé"_rsegcg’rt.‘gg \3\6/12 tI’L]jS: .2a;ests_pecific roles of certain monopole interaction, the general
P gneti Properties. us inv |mportance of the monopole interaction has been emphasized

gate GT transitions :;md magnetic moments for a large fra by Poves and Zukef50], and is now reinforced by the
tion of p-shell nuclei. It has been proven that the presen resent study

Hamiltonian can explain the strength of GT transitions in
2c 12N, 1B 1Be, and®Li—°Be, where the quenching
varies and is weaker especially in the second case. This is
due to the variation of the effectivepg,,-0p4/, Spacing, as a The authors would like to thank Professor H. Sakai, Dr. T.
result of the shell evolution originated from the-j_ p-n Onishi, Professor M. Ishihara, and Professor K. Asahi for
monopole interaction. The magnetic moment is studied byaluable discussions on their experiments. The authors ac-
the same Hamiltonian with considerable improvements in th&nowledge Professor A. Gelberg for a careful reading of the
agreement to experimental data, for which the example ofmanuscript. One of then(T.S) is grateful to Professor J. P.
12N was explained. The systematic comparison indicates thabeutsch and Professor K. Riisager for their interest in our
the agreement of calculat&{GT) values and magnetic mo- work of the muon-capture reaction. This work was a part of
ments with experimental values is generally improved inthe CNS-RIKEN joint research project on nuclear shell
most of thep-shell nuclei investigated here, especially in model. The shell-model calculations were made by the codes
lighter nuclei. We stress once more that the degree 0bxBAsH [22] andMmsHELL [51]. This work was supported in
guenching of the spin-isospin properties does depend on opart by a Grant-in-Aid for specially promoted research
cupations of individual orbits, and finB(GT) and magnetic (Grant No. 13002001from the Ministry of Education, Cul-
moments can vary considerably, in particular in nuclei farture, Sports, Science and Technology, and in part by a Grant-
from stability. We notice that the isovector correction due toin-Aid to promote advanced scientific research from the
mesonic effects plays an important role in orbigafactors  same ministry. One of the authof®.F) acknowledges par-
systematically, and this aspect can be strengthened in exoti@l support of the Japan Society for the Promotion of Sci-
nuclei because of higher isospin. We also note that, with thence for Young Scientists.
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