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Experimental data foM 1 matrix elements in th&=1/2 mirror nuclei?’Al and ?’Si are used to determine
the isoscalar and isovectbtd1 components. The obtained isoveckbfl matrix elements are compared to the
Gamow-Teller matrix elements deduced fr@¢ndecay and thé’Al( *He,t)?’Si charge exchange reaction to
determine the contributions of the isovector spin and orbital components. The exchange current effects are
taken into account. The results are compared with shell model calculations.

PACS numbgs): 21.90+f, 23.20.Js, 23.40.Hc, 27.36t

[. INTRODUCTION In this paper we use the analogoMkl y decay data in
T=1/2 mirror nuclei?’Al and ?’Si together with GT matrix
The magnetic dipoleNi 1) operator folM 1 vy transitions  elements deduced frof decay and recent’Al( 3He,t)?’Si
and magnetic moments is dominated by the isovetidy  charge-exchang€CE) reaction data to extract the individual
spin (o) term, but also contains IV orbital ), isoscalarlS) ~ spin and orbital components for the off-diagoh&l matrix
spin, and IS orbital components. On the other hand, th€lements. These off-diagonal matrix elements connect the
Gamow-Telle(GT) operator for GTA3 decays contains only ground states to the low-lying excited states of fwe 27,
the IV spin term[1,2]. These electromagnetd1 and weak = 1/2 system(see Fig. 1
GT interactions also have different mesonic-exchange cur- Recently the mirror-symmetry nature of the nuclear struc-

. . A 27 .
rent (MEC) contributions[3,4]. It is well known that the [Uré was established for the pair of nucféAl->'Si up to
diagonal matrix elements of these various terms ofte ~ Ex~9 MeV based on the similarity of transition energies

operator can be isolated by comparing the magnetic mo@md strengths of analogodd1 and GT transitions in these

ments of mirror ground states and the @fdecay matrix npclei [15]. In the analgfsis, thedl y transitipns from ex-
element which connects thefs]. Such separation into dif- cited statess o the 9.S. Aland the GT trgnsﬂmns deduced
ferent components has been useful for the deeper understar{{ﬁm the (He.t) reaction from the g.s. of‘Al to the corre-
ing of the nuclear structure and the wave functions of the
ground states. Equivalent information can be obtained for the Transitions in Mirror Nuclei
off-diagonal matrix elements by comparing the —
M 1-transition matrix elements of mirror nuclei to the analo- (p.n)-type
gous GT matrix elements which connect them, although it
has been difficult to find cases where the analogous relation-
ship between th#11 and GT transitions can be well utilized
[6-8].
Previous studies on the contributions of the off-diagonal
(transition matrix elements have concentrated on th&
=1 M1 transitions starting from the ground stdtes) of
T=0 even-even target nucleus. The IV orbital contribution
for the 3°S target was studied by comparing,f) and »
(e,e’) reactions[9], and for the ?®Si target by comparing VrtVor
(®He,t) and (e,e’) reactions10,11]. Results of the studies (ZN+1) (Z+1.N)
on T=0 targets showed that the ratiB§M1)/B(GT) were Tz=+1/2 Tz=-1/2
not constant, but rather dependent on final state, suggesting FIG. 1. M1 and GT transitions betweefi=1/2 states inT
that the IV orbltal Contrlbutlor_l to thM 1 transition can be =1/2 mirror nuclei. Analogou$11 and GT transitions connecting
large depending on the configuration of the stdt311. 16 ground state of each nucleus with the excited states in the same
The contribution of meson-exchange currents was also d&ycleus and those in the conjugate nucleus, respectively, are indi-
duced from the study of analogous transitigh6—14. cated. Inp-shell andsd-shell regionsT,= +1/2 nucleus is stable,
while T,=—1/2 nucleus isg unstable. The type of reaction or
decay and the relevant interactions causing each transition are
*Electronic address: fujita@rcnp.osaka-u.ac.jp shown with the arrows indicating the transitions.
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A

sponding(analogous excited states irf’Si were compared. s o1
<Jfo|||]§=:l (9| li+0s _‘Tj)

1 3
In spite of the overall similarity o8(M1) andB(GT) dis- B(M1)= 2351 E/J«ﬁ
tributions, noticeable differences were observed for strengths !

of individual analogous transitions; the differences were C 1 2

larger in weaker transitions witB(M 1)1 <0.1u2 [15], sug- My (9|N|j +g'SV_0-J.> /3T

gesting that the IS and the IV orbital contributions are im- V2T +1 =1 2

portant. (2.3
This work and the others noted above B&T) transi-

tion strengths obtained from CE reactions. This is based 1 1

upon the fact that the 0° cross sections obtained from CE - —u? (Q:SMW('HQ'S—MW(U))

reactions, such ap(n) or (3He,t) reactions, at intermediate 2)i+14 52

energies are proportional to tB€GT) values fromB decays 2

if the transition is not very weakl5,16. The CE reactions ~ Cwms ( VM- (154 'VEM )

have allowed a study of the GT transitions to a wider energy 2T 11 9 Mui(I7)+95" 5Mma(a)

range, breaking the “decay window restriction” inherent to

B decay measurements. (2.4
In Sec. Il we review the formalism for th®11l and GT 5

operators and matrix elements and show how they are used 1 3 , M!S Cwm1 MY

to determine the various spin and orbital contributionMimh 2J,+1 47 PN Vime 2T+ 1 M1

transitions. In Sec. Il we analyze the data for the 27, 2.5
T=1/2 system. The results are discussed in Sec. IV and com- '
pared to shell-model calculations within the fali-shell ba-  The isospin  Clebsch-Gordan(CG)  coefficient Cyy;
SIs. =(T;T,10|T;T,;) comes out explicitly by the use of re-
duced matrix elements, whefig,=T,;=T,; for M1 transi-
tions. TheMy1(1), My1(o), My1(l7), andMy (o) are
the matrix elements defined b)(Jfo|||2f:1Ij|HJiTi>,
_ (IS 1013 T3), A= il 3Ty, and
A. The M1 operator and matrix elements (I, 0y7]19;T;), respectively. The coefficient for the

The operatop for M1 transitions and magnetic moments |V Spin term, and thergfore the transition matrlé element
consists of an orbital partgl and a spin part MII\\/I/1(0'7)7 is the largest in a usual cagB19]. TheMy;, and
0s9 = (1/2)gs0o]. It can be rewritten as the sum of IS and IV My, are the IS and IV terms of thM1 matrix element,

II. ANALOGOUS M1 AND GT MATRIX ELEMENTS
IN MIRROR NUCLEI

terms(for example, see Ref§2,8]) as respectively defined by
A A 1
p=1 2 (9%+07s) - 2, (g:Vlj+g'sVa>rzj]MN, Mi1=0I*"Mu1(D)+ 5 9M (o) 2.6
1= 1=
(2.2
and

where uy is the nuclear magneton. The coefficiegts and 1
gV are the ISlSand \Y combinaltéons of gyromagl\r)etic factors MN =g My(l7)+ Eg'SVM vi(o7), (2.7
(g factors: g°=3(97+9(), 95=3(97+9:), 9" =3(9"

. V_ 147 _ v .
9r), andgs’=2(gs —gs). For bare protons and neutrons, ynare the IV term is usually larger than the IS term due to

the orbital an9 spiry factors areg’=1 andg;=0, andgs  he |arge value of thg” coefficient in the IV spin term. The

=5.586 andg;= —3.826, respectively. The component of g term, therefore, may interfere destructively or construc-

the isospin operator,;=1 for neutrons and-1 for protons.  tjyely with the IV term. In addition, the orbital term may
Starting from the reduced matrix elements in spin, andnterfere constructively or destructively with the spin term.

following the convention of Edmondsl7], the M1 transi-  These interference effects are dependent on the configura-
tion strengthB(M 1) for the transition from the initial state tjons of the initial and final states.

with spin J; and isospinT; to the final state withJ; and Ty The magnetic moment of a state with spid and isospin
can be writter{ 18] T is defined by
3 p=(3ITT ] IITT,). 2.8
B(M1)= T Tl ITTHZ (2.2

23i+1 47 By applying the Wigner-Eckart theorem in the spin space,

By applying the Wigner-Eckart theorem in the isospin space, — (J310199)

we get a V(23+1)

044314-2
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where the CG coefficientJg10|JJ)=J/J+1. By further
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and

applying the Wigner-Eckart theorem in the isospin space,

and by putting Eq(2.1), we get

u= \/j AN M'S. — Cwm1 Y%
J+1)(23+1) ML oTt+1 MY
(2.10

where the IS and IV matrix elements are obtained by makin
the initial and the final states to be the same in the definition

given by Egs.(2.6) and (2.7), respectively. The CG coeffi-
cient isCy,=(TT,10|TT,).

B. AnalogousM1 matrix elements in mirror nuclei

NA)

Jotn2arn'™

—|Cpal
V2T+1

Hiv= mi- (217

C. Isoscalar contribution to the M1 operator

In order to judge whether the IS term is making a con-

%tructive or a destructive contribution in ealgtl transition,

We introduce the following ratio:

B(M1)

R|S=m. (218

InaAT=0 M1 transition between states with the samelf the IS contribution is constructivédestructive in a spe-

T(#0), both IS and IV contributions are expected. Ifidrl

cific M1 transition, then the ratio is largésmalley than

transition is more than average strength, it is usual that thanity. In the analogoud1 transitions ofT,= =T mirror
IV contribution is about one order of magnitude larger thannuclei, the smaller IS matrix element couples with the larger

the IS contributior[1,19]. For analogous transitions ih,=
=T mirror nuclei, the isospin CG coefficien@,,; change
sign, and we can rewrite Eq2.5) as

2

1 3 |Chal
_ 2\ pm1S — Y
B(M1). 23, +1 4N Mp1+ 2Tf+1MM1 ’
(2.11)

where|Cy 1| = \/1/3 for ourT=1/2 case. Here we can choose

real IS and IV matrix elements for thiel1l transitions be-
tween particle-bound states.

IV one in a reverse way depending on tfhevalue, as seen
from Egs.(2.11). It is expected that the ratioR,g for the
analogoudM 1 transitions show the relationship like a “see-
saw.” Similarly, for magnetic moments we can introduce the
following ratio:

u\2

R :(_
s Miv

(2.19

D. GT transitions

Under the assumption that the IV term is larger than thg As is well known, the GTB decay is related to the simple
IS term, we can separately extract the IS and the IV transigr operator. The situation is almost the same in hadron CE

tion strengthsBs(M1) and By(M1) in the AT=0 M1
transition by solving Eqs2.11) as simultaneous equations

Bis(ML)= 5557 g7 AMi)? (212
1
:Z[\/B(Ml);\/B(Ml)f]Z,
(2.13
and
1 3 2 C2 2
By(M1)= 2J+1471-'U“N2T+1[M e (214
1
=7 [VBM1), +B(M1) 12
(2.15

Similarly from the moments of th&,= =T nuclei u., we
can relate the IS and IV momenjss=3(u.+ux_) and
wv=3(u.—u_), respectively, to the IS and IM 1 matrix
elements:

W s

MIS:mMN M1 (2.16

reactions at intermediate energies at(@&., in the limit of
g=0), because the IV spin part of the effective interaction is
dominant therg16,20].

Using the reduced matrix element in spin as well as in
isospin and following the convention of Edmonds/], the
GT transition strengttB(GT) is expressefll5,18 as

1 2

(3 TflllE o,r,)IIIJT>‘

B(GT)= 2Ji+1 2 2T +1
(2.20
1 1 C
[MGT(O'T)] (2.21

2J+122T +1

whereCgr is the isospin CG coefficienfl{T,i1=1|T:T,s),
and theM (o 7) is the IV spin-type GT matrix element.

E. Contributions of MECs

It is known that the MEC contributions which come
mainly from one-pion exchange are different for tikl
(vecton and GT (axial-vectoy operatord21,22. In particu-
lar for the IV spin operator, there is an MEC enhancement in
M1 transitiond 10—14. The enhancement can be expressed
by the ratio of squared matrix elements of the IV spin terms
of the analogou$11 and GT transitions as

044314-3
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[My1(o7)]? G. Orbital contribution to the M1 operator

= 2.2
M Mer(on) 2 (222

Both IS and IV matrix elementsf;, andMy, given by
Egs.(2.6) and(2.7), respectively, consist of orbital and spin
terms. In the IS term, the operathrcan be eliminated by

In the analyses using shell-model wave functions obtaine4Sing the reIationsth of operatdgs-j; —s; . The summation

by the use of the Wildenthal’s USD interactigdd] for ini- ~ Of Jj operator,J=2_,j;, is the total angular momentum

tial and final states, it was found that experimentalOPerator. Since the matrix element dfbetween states that

M 1-transition strengths are better described by reducing th@"® internally orthogonal is zero, only the contribution from

g factors of theM 1 operator by about 1520 % than those S fémains[19]. Similar elimination of the operatdy in the

of free-nucleon valuek24—26. In theA=27 region, the best !V t€rm is not possible, because the summatih ,jj 7 is

fit has been achieved by taking" to be 0.85 g®®[26]. On notoanr ?ri(;er:n'ilt:r[;iart]%rr'e s to deduce the orbital and Spin

the other hand, in order to reproduce GT transition strengths ur-main 1f IS u Ité P!
o contributions in the IV matrix element. If the spin term is

the average renormalization factor of 076.03 was needed

. . larger than the orbital term, the spin and orbital contributions
for the effective GT operatdi24]. Taking the squared ratio are obtained separately by combining the values from Egs.

of these renormalization factors, we get the averBggec (2.7), (2.14, (2.19, (2.2, and(2.22. In reality, however,
=1.25 for the middle of thesd shell. This is the value we thjs is not always guaranteed, and the possible duality of the
will use in the following analysis. Recent experimeft®—  sojution is not excluded. For example, a complete cancella-
15] which compare ¢,e’) and/ory-decay strengths witl  tjon of spin and orbital contributions was observed for an IV
decay and/or CE-reaction strengths in #e shell deduce M1 transition in ?8Si [10,11], suggesting that the absolute
values ofRyc in the range of 1.15 to 1.5, whose average isvalues of spin and orbital terms can be of equal quantity in a
consistent with 1.25 but whose variation shows some postransition which is not very strong.
sible state dependence for this quantity. In order to determine whether the spin and orbital terms
make a constructive or a destructive interference in each IV
part of theM1 transition, we find from Eq(2.7) that it is

F. Other corrections useful to introduce the following ratio:
In addition to the MEC corrections discussed in the pre- (MY 12
vious section, there are two smaller effects which we need to oc= v M > (2.23
address. They are the effects of isospin mixing, which is [(1/29s Mp1(oT)]

know to be important in the interpretation of mirror GT and
M1 transition strengths in theshell nuclei, and of the “ten- Here, anRg value larger than unity shows that the orbital
sor” contribution to the effective operators. term enhances the transition, and vice versa, except in a
In the formalism above the matrix elements of the indi-rather weak transition in whiclia) the signs of spin and
vidual spin and orbital operators are identical in the corre-orbital terms are different antb) the spin term is hindered
spondingM 1 transitions of mirror nuclei. Also the GT tran- and is much smaller than the orbital ongd.’ My,(o7)|
sitions between mirror analogous states are the same. It i§|g:V Mui(17)]).
well known in thep-shell nuclei that the strengths of mirror ~ The term[M,,(o7)]? in Eq. (2.23 can be replaced by
GT transitions differ by up to 20%. Town¢27| has inter-  the corresponding term of the analogous GT transition
preted this based on the different binding energies of th¢Mg(o7)]? by using Eq.(2.22, which is further known
proton and neutron in mirror nuclei making tite, decay from the B(GT) value of the GT transitiohsee Eq.(2.21)].
and theB_ decay, respectively. The effect of the Coulomb Then the ratioRqc is expressed by usinB(M1),Ryec.
interaction is dependent on the overlaps of radial wave funcandB(GT) as
tions, which is a form of isospin mixing. The known mirror

GT decay_s in thesd shell, however, dp not show any s_ig— 8 C(23T 1 By(M1)
nificant mirror asymmetry24]. Our estimates of the radial Roc= =3 = R BGT) (2.24
overlaps do not show a significant mirror dependence, which 3uR(9s)? Chyy Ruec B(GT)

is probably due to the overall tighter binding and also to the

fact that thed orbit having a larger centrifugal barrier domi- where the directions of th#11 and the corresponding GT

nates the GT decay. transitions are so selected that the initial and the final states
Another source of mirror asymmetry is in the change inare respectively common or analogous to keep the consis-

the valence wave functions due to the Coulomb interactioriency of the spin factor 2+1 (see Sec. I). The ratio of

with the sd shell. In Sec. IV, we will show that the effect on squared CG coefficients becomes 2 for the transitions be-

the individual matrix elements is rather small by comparingtweenT= 1/2 states in mirror nuclei.

the results of shell-model calculations using the isospin con- The ratioRoc can also be obtained for the ground states

serving and isospin nonconserving interactions. The effect o8f T,= = 1/2 nuclei by using thg... and theB(GT) between

the “tensor” term will also be evaluated through shell- these states. Puttinfl,s, known from Eq.(2.17 into Eq.

model calculations in Sec. IV. (2.23, we get

044314-4



SEPARATION OF ISOSCALAR, ISOVECTOR .. PHYSICAL REVIEW C 62 044314

TABLE I. Corresponding low-lying states iffAl and 2’Si and the strengths &1 (1) and GT transi-
tions from the g.s. of each nucleus. For details of transition strengths, see text. The excitation energies are
given in units of MeV. TheB(M1)7(u«) values are given in units qiﬁ (men)-

States in?’Al States in?’Si

E>2 2.J78 B(M1)1P E,>2 B(M1)1P B(GT)®

0.0 5 3.642 0.0 —-0.865 0.307+0.044
1.014 3 0.015+0.001 0.957 0.0190.001 [(2.2+0.3)x 1074
2.211 7 0.150+0.004 2.164 0.1020.010 0.079-0.006
2.735 5" 0.046+0.007 2.648 0.0220.005 0.03%-0.004
2.982 3 0.245+0.013 2.866 0.1780.012
3.957 3 0.145+0.012 3.804 0.0790.007
4.410 5" 0.226+0.028 4.289 0.0750.037 0.09% 0.009

3From Ref.[29].

bCalculated using data from RdR8,29.

°From Ref.[15], see text.

9Magnetic momenj. from Ref.[30], where given error is small.
®Magnetic momenj from Ref.[31], where given error is small.
Mransition contains little GT strength.

2(3+1) C&r 1 ub nuclear force, we expect the sarB§GT) values for the
Roc=—> w3 = R B(GT) (2.25  analogous transitions from thEAl g.s. to the excited states
Jun(gs')? Ciyg meC of 2’Si. The B(GT) values of 3.8 and 4.3 MeV states are

available from a good resolutioA’Al( *Het) reaction per-

Ill. DATA EVALUATION FOR  A=27, T=1/2 formed at an incident energy 150 MeV/nucleftb]. The

MIRROR NUCLEI proportionality between thB(GT) values obtained i3 de-

cays and the 0° cross sections is well known fprn() re-

A. B(M1) and B(GT) values actions atE,=100 MeV and highe[16]. A similar propor-

TheJ™ values of the g.s. are 5/Zor the 2’Al-2’Si mirror  tionality has been reported for transitions WB(GT) values
nuclei. TheM 1 operator connects the 5/2).s. to the excited larger than 0.04 in thé’Al(*He t) reaction[15].
states withJ™ values 3/2, 5/2", and 7/2". Mean lifetimes
of levels in the mirror nucle?’Al-2’Si are available up to B. IS and orbital contributions

E,=4.5 MeV from Ref[28]. TheB(M1) values to the g.s. B(M1) values could be calculated for four pairs of analo-

are obtained for each nucleus using data compiled by Endg}oule transitions in the?’Al-2’Si mirror system as shown
[29]. .For each excited stat&(M1) (in units OT'U“@) to the in Table I. The values foB;s(M1) andB,,(M1) are derived
9.S. 1S calcul_ated from the known mean Ilfetlr_ne;&,ray using Eqgs(2.13 and(2.15), and are listed in columns 4 and
branching ratios to the g.sM1 andE2 mixing ratios, and g5 ot Taple 1. The values 0Bs(M1) are smaller than the
y-ray energiedfor example, see Ref$2,15)). _ values ofB,,(M1) by more than one order. The constructive
In order to compare th8(M1) values directly with the - qegtryctive contributions of the IS term, respectively, are
B(GT) values obtained in transitions starting from the g.s. o, \vn from Ris>1 or <1 calculated using Eq€2.18 and

one of the mirror nuclei, we use t&M1)7 values which 5 19 They are given in columns 6 and 7 of Table Il for
would be obtainable in are(e’)-type transition from the g.s. 277 gng 275, respectively. Since the constructive and de-

The B(M1)T values are calculated froB(M1) values structive contributions of the IS term are reversed in The
2341 =*1/2 nuclei, theRs values for.27AI (T,=+1/2) and

B(M1)= ZJJ—+18(M 1), (3.)  ?'Si (T,=—1/2) show a seesaw-like relationship.
gs. The orbital contributions in the IV terrRgc, which are

) common in the analogous transitions and also in the g.s.
whereJ, s andJ; are the spin values of the g.s. and flte  magnetic moments of the mirror nuclei pair, are calculated
excited state, respectively. TE{M 1) values from the g.s. py using Eqgs.(2.24 and (2.25. Based on the discussion
to the analogous states Al and 2’Si are listed in columns given in Sec. Il E, the valu®zc=1.25 together with the

3and 5 of Table |. The values of g.s. magnetic moments arga|ye gV =4.706 are used. The results are listed in the last

taken from Refs[30,31]. column of Table II.
From thep decay study of thé’Si g.s.,B(GT) values are
known for several excited states of’Al up to E, V. DISCUSSION

=2.98 MeV[29]. B(GT) values in units wher®(GT)=3
for the B decay of the free neutron are listed in the last The experimentaB(M1)7 values available for the four
column of Table I. Assuming the charge symmetry of thepairs of analogous transitions in tHéAl-2’Si mirror nuclei

044314-5
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TABLE Il. ExperimentalBig(M1)(us), By(M1) (1), Ris, andRgc values for the corresponding
states in?’Al and ?’Si. For the definition of these values, see text. The excitation energies are given in units
of MeV. The values oB;g(M1)(u,s) andB,,(M1)(ux,,) are given in units otu,%,(,u,\,).

E, of states Ris
in Al in ?'si  2.0" Bis(M1) B (M1) in Z7Al in 2'sj Roc
0.0 0.0 5 1.388 2.254 2.61 0.15 3.305
1.014 0.957 3 (6+5)x10°°  0.017-0.001 0.8%0.07 1.12-0.09 (51.3-8.0)f
2.211 2164 7 (1.2+0.5)x10°° 0.125-0.006 1.26-0.06 0.82-0.08 0.96-0.12
2.735 2648 % (1.1+0.8)x10°% 0.033+0.004 1.46-0.28 0.67#0.18 0.510.10
2.982 2866 3
3.957 3804 3
4.410 4289 5§ 0.010+0.007  0.146:0.028 1.610.37 0.53-0.28 0.88-0.19

4S magnetic momenis .
b\ magnetic momeniu,y .
°Not reliable, because of small IV spin term.

ranged from 0.015 to O.Z&ﬁl. The Big(M1) values, the value of Roc=3.3 obtained for the g.s. moments indicates
strengths related to the IS term of thEL operator, are more that the orbital contribution is large. The larger orbital con-
than one order of magnitude smaller than Byjg(M1) val- tribution in magnetic moments than M1 transitions is ex-
ues for all transitions, as seen from columns 4 and 5 of Tablglained from the different expectation values of thepera-
[I. The cross term of the IS and IV matrix elements, how-tor evaluated between single-particle states; in the magnetic
ever, can be large, and the effective contribution of the ISnoments, the expectation values have the order of the orbital
term can be significant in thigl 1 transition. The ratid,gis  quantum numbek of the state, while in thé11 transition, it
defined to show how the pure IV transition is modified by thehas the order of Ifor example, see Ref4]). For theJ™
contribution of the IS term. The constructive and destructive= (5/2)* g.s. with someds, single-particle nature, enhance-
IS contributions are distinguished by larger and smaller valiment of orbital contribution is expected for the magnetic
ues than unity, respectively. As we ségs varies from 0.5 moments due to the value of 2.
to 1.6, showing that th&(M1) can be modified by about The experimentally extracted results are compared with
+50% through the interference of IV and IS terms, althoughshell-model calculations carried out in the fidd model
theB,s(M1) itself is small. This shows th&,s is a sensitive  space by using Wildenthal’'s USD interacti¢®3] and the
signature for the IS contribution in tHd 1 transition. computer cod®xBASH [32]. TheB(M 1) andB(GT) values,
The same is true for the orbital contribution in the IV respectively, are obtained by using effectivel and GT
term, i.e., the contribution of the orbital term is well repre- operatord24—-26. The calculated values &, ,J",B(M1)1
sented by the rati®qc even if the term itself is small. The for ?’Al and 2’Si, andB(GT) are presented in columns 1
reliable Ry values obtained for the three transitions rangedhrough 5 of Table IlI for the states and transitions studied
from 0.51 to 0.96, showing slightly destructive contributionsexperimentally. Although the santg, values are obtained
of the IV orbital term against the IV spin term. The large for both of these nuclei due to the use of charge-symmetry

TABLE lll. Results of shell-model calculations assuming pure isospin. Values are shown for
B(M1)7 (), Bis(M1)(ms), By(M1)(un), Ris, andRoc obtained for the corresponding states?fl
and 27Si. For details of the calculation, see text. The excitation energies are given in units of MeV. The
values ofB(M1)7(u), Bis(M1)(us), andBy (M1)(uy) are given in units Ofu,,%‘(,u,N).

B(M1)T Ris

E, 2.J™  in Z7Al in 27si B(GT) Bs(M1) By(M1) in Al in ?'Si Rgc

0.0 5" 3.676 —-0.87¢ 0.347 1.399 2.278 2.61 015 3.02
1.264 3 57x10° 7.1x10°% 3.1x10°° 2.0x10° 6.4x10°° 0.89 112 1.24
2326 7 0.127 0.095 0.075  5810°*  0.111 1.15 0.86 0.89
2709 5 0.040 0.026 0.040  3%10°*  0.032 1.22 0.80 0.50
2780 3 0.307 0.213 0.214  2410°%  0.258 1.19 0.83 0.73
4027 & 0.103 0.077 0.055  4%10°*  0.090 1.15 0.86 0.99
4139 5 0.208 0.165 0.084  6210*  0.186 1.12 0.89 1.33

8Magnetic momenju.
b|S magnetic moments .
IV magnetic momeniw,y .
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TABLE 1V. Results of shell-model calculations which are the same as Table Ill but include isospin
mixing. Values are shown faB(M1)T(u), Bis(M1)(um1s), Biy(M21)(v), Ris, andRgc obtained for the
corresponding states ifTAl and 27Si. For details of the calculation, see text.

B(M1)] Ris

E, 2-J7  in Z7Al in 2'sj B(GT) Bis(M1) By(M1) in?Al in ?'Si Roc

0.0 5t 3.666' —0.86G" 0.345 1.398 2.26& 2.61 0.15 3.02
1264 3" 38x10°% 75x10° 3.7x10°° 1.6x10* 55x10°° 0.69 1.37  0.90
2326 7 0.124 0.095 0.075 48104 0.109 1.14 0.87 0.87
2709 5 0.041 0.026 0.038 4210 0.033 1.24 0.79 0.3
2780 3 0.305 0.212 0.214 21073 0.256 1.19 0.83 0.73
4.027 3 0.098 0.077 0.052 3:310°4 0.087 1.13 0.88 1.02
4139 5 0.218 0.167 0.086 87104 0.192 1.14 0.87 1.36

Magnetic momenju.
b|S magnetic moments .
IV magnetic momeniw,y, .

nuclear interaction, the experimenta} values and thel”™  ing interaction[33] together with the USD interaction. The

values of the low-lying states up to 4.5 MeV are rather wellresults with no isospin mixingTable I1l) can be compared to

reproduced. Also the B(M1)] values larger than the results with isospin mixingTable IV). In particular com-

2% 10 2uf are calculated within 2020 % errors for both  pare theRq values in Tables Il and IV. Except for the very

nuclei, except the very weak transition to the theoretical 3/2 weak matrix element to the 1.264 MeV state, we see that

state at 1.264 MeV. The only exception is the transition toisospin mixing (mirror asymmetry in theM1 matrix ele-

the theoretical state at 4.139 MeV where the calculategnents has a very small effect on our results.

strength in®’Si is a factor of two larger than experiment. Al The other consideration is that the effective operator for

B(GT) values larger than 410 * are well reproduced, M1 and GT has a form which goes beyond the free-nucleon

again except the very weak transition to the 1.264 MeV stat&orms of Eqs.(2.1) and(2.20 by the addition of a “tensor”
The calculated s(M1) andB,,(M1) values are given in - 1erm of the forn( Y(®?® o] [24]. This term arises from the

columns 6 and 7 of Table IlI. BOt_B'S(Ml) andB,V(Ml) core-polarization and MEC corrections to the model-space
values are in good agreement with the experimental Valueéperators[Zl 271, In order to evaluate this effect, we com-
within the the experimental error. If we compare the result are the I‘eSl,J|tS with the full effective operator I"drl and

in terms ofR,5, however, we see again a rather large differ—GT which includes the tensor terf@4—2§ (those in Table

ence for the g.s—4.139 MeV transition. : L
X B . . III') to another calculation which is the same except that the
The calculateRoc values usinQRyec=1.25 are givenin o000 aior is omittetthose in Table V. In particular
the last column. For the g.s. magnetic moment, the g.s. P . -np
—.2.326 MeV, and g.5-2.709 MeV transitions, good compare theRpc values in Tables 1ll and V. The tensor

agreements are seen with the experimental results. For tf€Ct i larger than isospin mixing, but it is on the same

g.s—4.139 MeV transition, however, rather different result Order as the experimental erraf&able Ii). If the experimen-

is obtained; the experimentBb value suggests the destruc- tal errors were much smaller, theT tensor term in the operator
tive orbital contribution, while the shell-model value sug- would have an influence on the interpretation we attempt to
gests the constructive contribution. make.

The largest disagreement between theory and experiment The method of decomposition discussed here can be ap-
in the comparisons above appear for the third'¢2ate, and ~ plied to other mirror pairs such asB-''C, which can be
they are all related to the factor of two differeneeitside the ~ used for solar neutrino detecti¢84]. Nuclear levels of*'B
rather large experimental erjopetween theory and experi- and *'C are excited by neutrinos through weak neutral and
ment for the transition to the 4.289 MeV state 4fSi. The  charged currents, respectively. However, for these lighter
good agreement between experiment and theory for the ang-shell nuclei the effect of isospin mixing due to the Cou-
logueM 1 transition to the 4.410 MeV state Al indicates  lomb interaction is more importafie7] and must be evalu-
that the problem may be with the experimental lifetime forated. The operatorers and o, respectively, appear in the
the 4.289 MeV state irf’Si. The mean lifetime ofr,=5  axial IV and axial IS neutral currents, where the latter, in
+2 psec is at the lower end for those measured in R&i. addition to the former, is expected to contribute in neutrino
The calculated mean lifetime based on the USD interaction ig1elastic scatterings. It is, therefore, important to know these
2.3 psec. It would be useful to confirm the experimentalcontributions separately. Since the types of the relevant op-
value. erators are the same as those of the spin terms olthe

It is expected that the change in the valence wave funceperator, the present study identifying the contribution of
tions due to the Coulomb interaction with teel shell can  each individual term in “electromagneticM1 transitions
cause asymmetry of mirrdvl1 decays. We have evaluated can be used to obtain information on “weak” transitions by
this effect by using the Ormand-Brown isospin nonconservihe neutral currents, which play important roles in the study
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TABLE V. Results of shell-model calculations which are the same as Table Il but exclude the tensor part
of the effective operator. Values are shown B{M1)7(u), Bis(M1)(us), Biy(M1)(my), Ris, andRpe
obtained for the corresponding states?liAl and 2’Si. For details of the calculation, see text.

B(M1)] Ris

E, 2-J7  in Z7Al in 2'sj B(GT) Bis(M1) By(M1) in?Al in ?'Si Roc

0.0 5t 3.538 —0.758" 0.332 1.398 2.149 2.71 012 281
1264 3" 4.0x10°% 55x10° 3.3x10°° 0.3x10* 4.7x10° 0.85 117 0.87
2326 7 0.112 0.084 0.074 510 * 0.097 1.15 0.86 0.80
2709 5 0.045 0.030 0.041 39104 0.037 1.22 0.80 0.55
2780 3 0.349 0.245 0.220 2:310°3 0.294 1.19 0.83 0.1
4.027 3 0.116 0.088 0.057 5104 0.101 1.15 0.86 1.09
4139 5 0.225 0.179 0.086 67104 0.201 1.12 0.89 1.41

Magnetic momenju.
b|S magnetic moments .
IV magnetic momeniw,y, .

of solar as well as supernova neutrinos and also in the searguggested thaR,5 and Roc are good signatures for the va-

of spin-coupled cold dark matter. lidity test of both experimental and shell-model results. The
method described here can be applied to other mirror nuclei.
V. SUMMARY Since the operatorer and o are common with the ones in

the axial IV and axial IS neutral currents in weak transitions,

The present work has demonstrated how the IS and IV athe results of the decomposition can be used to obtain infor-
well as the spin and orbital contributions kb1 transitions mation on the matrix elements needed to calculate inelastic
can be evaluated by comparing experimental information omeutrino scattering.
theB(M1). values andB(GT) value of the analogous tran-
sitions in mirror nuclei.R,g is defined to show how the IS
term, although it is smaller than the IV term, contributes in a
M1 transition.Rqc is defined to show the contribution of the ~ One of the author§Y.F.) acknowledges discussions with
IV orbital term in the IV term. The detailed analysis was Professors H. Ohtsubo and M. Fukud2ept. Phys., Osaka
carried out for the mirror nuclef’Al and 27Si. TheB(GT) and Professor I. Hamamot®ept. Phys., Lund The other
values frompB decay were supplemented by those obtainedauthor (K.K.) acknowledges discussions with Professor M.
with the (He,t) CE reaction. The orbital contribution was Morita (Josai Int. Univ., Chibpand Professor K. Ogawa
also calculated for the g.s. magnetic moments. Through théept. Phys., Chiba B.A.B. acknowledges support from
comparison with the results of shell-model calculations, it isSNSF Grant No. PHY-9605207.
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