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Quasideuteron configurations in odd-oddN5Z nuclei
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The isovectorM1 transitions between low-lyingT51 andT50 states in odd-oddN5Z nuclei are ana-
lyzed. Simple analytical expressions forM1 transition strengths are derived within a single-j -shell approxi-
mation for both thej 5 l 11/2 and j 5 l 21/2 cases. The largeB(M1) values for thej 5 l 11/2 case are
attributed toquasideuteron configurations. TheB(M1) values for thej 5 l 21/2 case are found to be small due
to partial cancellation of spin and orbital parts of theM1 matrix element.@S0556-2813~99!02512-1#

PACS number~s!: 21.60.Cs, 21.30.Fe, 23.20.Js, 27.40.1z
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I. INTRODUCTION

The structure of self-conjugate nuclei with equal numb
of protons~Z! and neutrons (N5Z) is currently attracting a
lot of attention. The structure ofN5Z nuclei provides a
sensitive test for the isospin symmetry@1# of nuclear forces.
It is well known that the structure of even-even nuclei w
protons and neutrons occupying different shells is de
mined by Cooper-type pairs with isospinT51 and angular
momentumJ50 formed by nucleons of the same kind.
nuclei close to theN5Z line, where valence protons an
valence neutrons occupy the same shells in addition to
standard pair correlations mentioned above, proton-neu
pair correlations withT51 and withT50 can become im-
portant. It means that in addition to the proton-proton a
neutron-neutron 01 pairs, proton-neutron pairs with differen
angular momenta can play an important role. Below we w
analyze experimental information, which demonstrates
important role of the neutron-proton pairs withJT

p510
1 and

JT
p501

1 in the structure ofN5Z nuclei. InN5Z nuclei both
kind of states with total isospin quantum numbersT50 and
T51 exist. In odd-oddN5Z nuclei the lowestT50 states
and T51 states are low-lying~below 4 MeV!. This unique
phenomenon is in contrast to even-evenN5Z nuclei, where
the T50 01

1 ground state is lowered and is separated fr
excitedT51 states by a large energy gap. A lot of wor
experimental@2–11# and theoretical@12–25#, has been car-
ried out recently for the investigation and understanding
the N5Z nuclear structure. One interesting phenomenon
the occurrence of very large magnetic dipole (M1) matrix
elements between nuclear states along theN5Z line. The
M1 moments of odd-oddN5Z nuclei have recently bee
revisited@20# within a simple shell-model approach. Anoth
recent work @21# discusses the interference term betwe
spin and orbital contributions toM1 transitions in even-even
s-d shell nuclei.

In this paper we focus on isovectorM1 transitions
strength between low-lying states in odd-oddN5Z nuclei
which are accessible tog spectroscopy. Some of the odd-od
N5Z nuclei exhibit very strong isovectorM1 transitions
between the yrast states with quantum numbersJT

p501
1 and

10
1 ~see Table I!. In a few nuclei,10B, 22Na, and 26Al, the

strong M1 transitions are fragmented among two or thr
0556-2813/99/60~6!/064310~7!/$15.00 60 0643
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states. Other odd-oddN5Z nuclei 14N, 30P, 34Cl, 38K have

considerably weaker 01
1→10

1 transitions, in some cases wit
almost vanishingM1 strengths. The totalB(M1;0T51

1

→1T50
1 ) strength between the low-lying states in odd-o

N5Z nuclei depends sensitively on the mass numberA and
due to the underlying nuclear shell structure do not show
smooth behavior.

Nowadays exact shell-model calculations can be p
formed for nuclei with mass numbers smaller than abouA
'60 with conventional techniques, e.g.,@25#. The shell-
model problem can, at least partly, be solved approximat
but with controllable accuracy, for heavier nuclei with new
developed statistical Monte Carlo methods@14,18#. Both nu-
merical techniques are powerful and important methods
describe in detail the structure of light and medium ma
nuclei, includingM1 properties ofN5Z nuclei, on a micro-
scopic level. Besides these sophisticated numerical
proaches sometimes simple models can yield analytical
sults, which can help to clarify the underlying physics of
certain phenomenon in an approximate but simple and tra
parent way. Important examples are the analytical Schm
values for magnetic moments of odd-mass nuclei. T
Schmidt values were obtained in a pure, i.e., noninteract
shell-model approach considering one nucleon outside
even-even core in a single-j shell orbital. The Schmidt val-
ues serve as important benchmarks for the actual value
M1 moments found experimentally in odd-A nuclei.

In the next section we will discuss analytical formulas f
T50→T51 isovector M1 transition matrix elements in
odd-odd N5Z nuclei, which we derive in a simple cor
1two-nucleon single-j -shell approximation.M1 transition
matrix elements are found to be large between two-nucl
quasideuteron configurations, which we define below. Re
duction ofM1 strengths in other cases will be understood
partial cancellation of spin and orbital parts ofM1 matrix
elements. Analytical expressions will be given, which rela
the isovectorM1 transition strengths inN5Z odd-odd nu-
clei to magnetic moments in neighboring odd-mass nuclei
Sec. III we will compare the experimental data to the sim
analytical formulas. Good agreement is obtained. Predicti
for isovectorM1 transition strengths in heavier odd-oddN
5Z nuclei are done from an extrapolation of our formulas
to 82Nb.
©1999 The American Physical Society10-1
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TABLE I. Experimental@29–31# and calculatedB(M1) values for odd-oddN5Z nuclei.M1 transitions
are omitted which carry less than 5% of the total( i B(M1;01

1→1i
1) strength for a given configuration. In

the column ‘‘Free theory’’ results of calculations for the free sping factors are shown and in the colum
‘‘Eff. theory,’’ for the effective sping factorsgs

eff50.7gs
free. The numbers in parenthesis give the experim

tal errors in the last digits.

( i B(M1;01
1→1i

1) (mN
2 )

Nucleus
Used

configuration
Ex

exp(01
1)

~MeV!
Ex

exp(11)
~MeV!

Bexp(M1;01
1→11)

(mN
2 ) Expt. Free theory Eff. theory

Deuteron p1s1/2n1s1/2 0 15.86 7.77

3
6Li3 p1p3/2n1p3/2 3.562 0 15.4~4! 15.4~4! 12.96 7.34

5
10B5 p1p3/2

21n1p3/2
21 1.740 0.718 7.5~32! 8.1~33! 12.96 7.34

1.740 2.154 0.59~5!

7
14N7 p1p1/2n1p1/2 2.312 0 0.05~2! 0.05~2! 0.58 0.13

p1p3/2
21n1p3/2

21 2.312 3.948 5(22
13) 5(22

13) 12.96 7.34

9
18F9 p1d5/2n1d5/2 1.041 0 20~4! 20~4! 15.18 9.37

11
22Na11 p1d5/2

3 n1d5/2
3 0.657 0.583 5.0~3! .12.5 15.18 9.37

0.657 1.936 4.4~10!

0.657 3.943 .4.4

13
26Al13 p1d5/2

21n1d5/2
21 0.228 1.057 8~2! 9.4~30! 15.18 9.37

0.228 1.850 0.8~8!

0.228 3.723 0.6~2!

15
30P15 p1d3/2n1d3/2 0.677 0 1.3~1! 1.3~1! 0.42 0.012

17
34Cl17 p1d3/2n1d3/2 0 0.461 0.23~2! 0.23~2! 0.42 0.012

19
38K19 p1d3/2

21n1d3/2
21 0.130 0.460 0.47~4! 1.17~24! 0.42 0.012

0.130 1.698 0.7~2!

21
42Sc21 p1 f 7/2n1 f 7/2 0 0.611 11~4! 11~4! 18.23 12.16
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II. ANALYTICAL FORMULAS FOR M1 TRANSITION
STRENGTHS

Attempting to understand the observed data on isove
0T51

1 →1T50
1 M1 transition strengths in odd-oddN5Z nu-

clei we have applied the shell model in the core1two-
nucleon single-j-shell approximation~2NSj!. I.e., we con-
sider an odd-oddN5Z nucleus as an inertJT

p500
1 even-

evenN5Z core with two valence nucleons, one proton a
one neutron, in the same shell-model orbital with quant
numbers~nlj!.

These two valence nucleons can couple to product st
with total angular momentumJ50,1, . . . ,2j and positive
parity. The states with even spin quantum numbers have
isospin quantum numberT51 and states with oddJ have
T50. The free one-proton–one-neutron system is the d
teron. In the lowest states of the deuteron, the boundJT

p

510
1 ground state and the unboundJT

p501
1 resonance, both

nucleons occupy the 1s1/2 shell with j 5 l 11/2.
In generalization of the deuteron case we denote the w

functions in the 2NSj approximation asquasideuteron con-
figurations ~QDC! in the j 5 l 11/2 cases. This is in agree
ment with the conclusion made in@20#. It is clarified below
thatM1 properties of QDC differ considerably from the ca
with j 5 l 21/2 due to the interference of orbital and sp
parts in theM1 matrix elements. In reality the proton
neutron pairs coupled to angular momentumJp501 or 11

can be distributed with some weights over the several sin
particle~nlj! orbitals. Experimental indications on this effe
06431
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will be also briefly discussed below.
The M1 transition operator

T ~M1!5A 3

4p
@gp

l L p1gp
sS p1gn

l L n1gn
sS n#

mN

\
~1

is the sum of the orbital and spin parts for protons and
neutrons. HereL r(S r) is the orbital~spin! angular momen
tum operator forrP$p,n%, gr

l (s) is the orbital~spin! g factor
andmN5e\/2M pc represents the nuclear magneton.

A DT51 isovectorM1 transition, for instance betwee
the 0T51

1 and 1T50
1 yrast states in odd-oddN5Z nuclei, is

generated by the isovector~IV ! part of the M1 transition
operator

T IV~M1!5A 3

4pFgp
l 2gn

l

2
~L p2L n!

1
gp

s2gn
s

2
~S p2S n!G mN

\
. ~2!

This is a consequence of the tensor properties of theM1
transition operator in the isospin space. In the simple 2N
approximation it is possible analytically to derive expre
sions for the reduced matrix elements~m.e.! of the M1 tran-
sition operator. For theM1 transition m.e. between state
with total angular momentum quantum numbersJ50 and 1,
i.e., ^(p j ^ n j );J50iT (M1)i(p j ^ n j );J51&, one obtains
0-2
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^01iT ~M1!i11&5A 3

4p

j 11

j F ~gp
l 2gn

l !l

1
gp

s2gn
s

2 GmN , for j 5 l 1
1

2
,

~3!

i.e., for QDC, and

^01iT ~M1!i11&5A 3

4p

j

j 11F ~gp
l 2gn

l !~ l 11!

2
gp

s2gn
s

2 GmN , for j 5 l 2
1

2
.

~4!

The analysis of Eqs.~3! and ~4! results in some interestin
conclusions. Comparing Eqs.~3! and~2! one can see that th
orbital proton^L p& and neutron̂ L n& nondiagonal m.e. hav
opposite signs and equal absolute values. This is valid
for the spin proton̂ S p& and neutron̂ S n& m.e.. Since th
^S p& and^S n& have opposite signs as well as spingp

s andgn
s

factors, the nondiagonal spin part of the total m.e. of
isovectorM1 transition operator is large for both thej 5 l
11/2 and thej 5 l 21/2 cases. The orbital part of the tot
m.e. increases with increasingl and can be comparable wit
the spin part for both cases. However, in the case ofj 5 l
11/2, i.e., when the orbital angular momentum and spin
the single particle are aligned, the spin and orbital parts
summed up in phase, which results in large absolute va
of the total m.e. and consequently in large values of
reduced M1 transition strength B(M1;01

1→10
1)

5^01iT (M1)i11&2. The opposite happens in thej 5 l
21/2 case—the orbital and spin parts partially cancel and
reducedM1 m.e. becomes small. The constructive@Eq. ~3!#
and destructive@Eq. ~4!# interference of the orbital and spi
parts plays also an important role in Gamow-Teller tran
tions andM1 g transitions in even-evenN5Z nuclei, as it
was recently shown in@21,22#.

Other isovector transitions that involve states with t
spin Jp quantum number different fromJp501 and Jp

511 (DT51, J11→J) in odd-oddN5Z nuclei can be
sizable in the strength with the 11→01 transition strength.
In the 2NSj one can derive the simple relation

B~M1;J11→J!

5
3~J11!~2 j 121J!~2 j 2J!

4 j ~ j 11!~2J13!
B~M1;11→01!.

~5!

This relation is valid for both thej 5 l 11/2 and j 5 l 21/2
cases. The dependence of the ratioR5B(M1;J11
→J)/B(M1;11→01) on the spin quantum numberJ of the
final state for different singlej is shown in Fig. 1. As can be
seen from Fig. 1 the number of transitions sizable in stren
with 11→01 transition increases with increasingj. Since the
B(M1,01→11) value is large for the QDC, theB(M1,J
06431
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11→J) values can be also large in this case.1 The QDC
states withJ50, . . . ,2j form the band of states connected b
strongM1 transitions that is similar to the ‘‘shears band’’
heavy nuclei@27#. The strongM1 transitions caused by th
QDC in odd-oddN5Z nuclei and the strongM1 transitions
related to the ‘‘shears’’ mechanism have similar noncolle
tive nature.

But in the j 5 l 21/2 case one cannot expect larg
B(M1;J11→J) values because they are proportional to t
small B(M1;11→01) value by a spin-dependent propo
tionality factor, which is close to one.

Equations~3! and~4! can be used also to derive within th
single-j -shell approximation a unique formula for th
B(M1) values for bothj 5 l 11/2 and j 5 l 21/2 cases in
terms of magnetic moments of neighboring odd-A nuclei. In
the independent particle model, the magnetic dipole mom
m of a nucleon in an orbital~nlj! is given by the Schmidt
values@28#:

mrS j 5 l 1
1

2D5Fgl
rl 1

gs
r

2 GmN , ~6!

mrS j 5 l 2
1

2D5
j

j 11Fgl
r~ l 11!2

gs
r

2 GmN , ~7!

wherer5p for proton andn for neutron.
The combination of Eqs.~3!,~4! with Eqs. ~6!,~7! results

in a simple relation between theM1 strengths of transitions
between 2NSj states and magnetic moments of neighbo
odd-mass nuclei:

1However, it should be emphasized that configuration mixing c
significantly reduce theB(M1,J11→J) values forJ.1 ~even if
the 11 and 01 states are predominantly QDC states!.

FIG. 1. RatioR of M1 transition strengths between QDC as
function of the total spin quantum numberJ plotted for different
single particle orbitalsj 53/2,5/2,7/2,9/2.
0-3
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B„ M1;~p j 3n j !,01→~p j 3n j !,11
…

5
3

4p

j 11

j
@mp~ j !2mn~ j !#2. ~8!

The spin-orbit interference is hidden now inmp( j ) and
mn( j ) quantities. Expression~8! does not explicitly contain
orbital and sping factors and therefore can help to explo
the structure of the yrast 01 state and the 11 state in odd-odd
N5Z nucleus in an alternative way.

In contrast to the isovectorM1 transitions discusse
above, the magnetic dipole moments in odd-odd nuclei
generated by the isoscalar~IS! part

T IS~M1!5Fgp
l 1gn

l

2
~L p1L n!1

gp
s1gn

s

2
~S p1S n!G mN

\
~9!

of the M1 operator. We consider now magnetic dipole m
ments of odd-odd nuclei in the 2NSj approximation. T
expressions for theM1 moment in a state with angular mo
mentum quantum numberJ can be written in the following
way:

mS j 5 l 1
1

2D5
J

2l 11F ~gp
l 1gn

l !l 1
gp

s1gn
s

2 GmN , ~10!

and

mrS j 5 l 2
1

2D5
J

2l 11F ~gp
l 1gn

l !~ l 11!2
gp

s1gn
s

2 GmN .

~11!

The partial cancellation of spin and orbital parts in thej 5 l
21/2 case is also obvious from Eq.~11!. However, them
values are not very sensitive to the spin part due to the s
value of the sum of proton and neutron sping factors.

III. DISCUSSION

In this section we will confront the simple formulas fro
above with the data. Using Eqs.~3!,~4! and freeg factors
(gp

l 51.0, gn
l 50.0, gp

s55.5857, andgn
s523.8263), we ob-

tain for the B@M1;(p j ^ n j ),Jp501→(p j ^ n j ),Jp511#
values the expressions

B~M1;01→11!5
3

4p

j 11

j
@ l 14.706#2mN

2 ,

for j 5 l 1
1

2
~12!

and

B~M1;01→11!5
3

4p

j

j 11
@ l 23.706#2mN

2 ,

for j 5 l 2
1

2
. ~13!
06431
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The B(M1) values from Eqs.~12!,~13! are plotted with
solid curves in Fig. 2 as functions of the single-particle o
bital angular momentuml. The deuteron belongs to thej
5 l 11/2 branch. Only the spin part would contribute to t
B(M1) value if theJp50T51

1 state of the deuteron wer
bound. The calculatedB(M1) value for a modeled bound
state is very large: B@M1;(ps1/2ns1/2),J501

→(ps1/2ns1/2),J511#515.86mN
2 . OtherB(M1) values cal-

culated from Eqs.~12!,~13! assuming reasonable single
particle orbitals are given in Table I together with the cor
sponding experimentalB(M1) values.

For j 5 l 11/2 cases Eq.~12! yields largeB(M1) values
sizable with theB(M1;01→11) for the deuteron. There
fore, the largeB(M1;01→11) values in odd-oddN5Z nu-
clei can be considered an indication of the QDC. The stro
M1 transitions in 6Li and 18F are the best examples fo
transitions between QDC. In22Na a large lower limit for the
total B(M1;01→11) value is obtained from summing u
the M1 strengths from three transition fragments~see Table
I!. This value agrees with the estimate for aB(M1) value
between QDC, too.

For the four odd-oddN5Z nuclei 10B, 14N, 26Al, and
42Sc largeB(M1) values are known, as well. These valu
are, however, smaller by a factor of about 2 than the co
sponding QDC estimates with freeg factors. Deviations of
the data from the simple expressions~12!,~13! can be attrib-

FIG. 2. The calculated and experimental( i B(M1;01
1→1i

1)
values~see Table I, columns 6–8! are given as a function of the
single-particle orbital angular momentuml. The results of the cal-
culations are shown for the QDCj 5 l 11/2 branch@Eq. ~12!# and
for the j 5 l 21/2 branch@Eq. ~13!#. The full lines correspond to the
free theory~free sping factors! and the dashed lines to the effectiv
theory ~with quenching factoraq50.7). The experimental data fo
different elements are labeled. The value for22Na represents a
lower limit. One expects the experimental values to lie between
in the vicinity of the two lines for bothj 5 l 11/2 and j 5 l 21/2
cases.
0-4
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uted to configuration mixing@26#, which are neglected in the
simple 2NSj.

Configuration mixing can be taken into account to a c
tain extent by using quenched sping factorsgs5aqgs

free with
a quenching factoraq . We have computed effectiveB(M1)
values withaq50.7 for both casesj 5 l 11/2 andj 5 l 21/2
from Eqs.~12!,~13!.

The results are included in Table I and plotted w
dashed curves in Fig. 2. The effectiveB(M1) values agree
with the data from10B, 14N, 26Al, and 42Sc. These agree
ments with the estimates using quenchedg factors indicate
that a precise quantitative understanding requires larger s
shell-model calculations. The main mechanism is, howe
understood already in the simple 2NSj.

Small experimental isovectorB(M1) values were found
in 14N, 30P, 34Cl, and 38K. Small B(M1) values are calcu
lated in the 2NSj for thej 5 l 21/2 case, regardless wheth
free g factors or quenchedg factors are used. The best e
amples for an isovectorM1 transition between the 01

1 state
and the 11

1 state, which almost vanishes due to the cance
tion of the orbital and the spin parts, are observed in34Cl and
38K. This cancellation can reduce theB(M1) value by a
factor of more than 20 in comparison to the largequasideu-
teron M1 transitions. Such a drastic difference betwe
quasideuterontransitions andnonquasideuterontransitions
can be qualitatively well understood within the 2NSj a
proximation.

Particularly interesting cases are14N and 30P. In 14N two
kinds of transitions coexist at low energy. The transiti
from the 01

1 state to the 11
1 ground state is very weak an

can be related to thej 5 l 21/2 (p1/2 shell! case. The next 12
1

state at 3.948 MeV is also low-lying and connected with
01

1 state by a strongM1 transition. This transition can b
considered as aquasideuterontransition (j 5 l 11/2 case! in
the p3/2 shell. It means that bothp(1p1/2

1 )3n(1p1/2
1 ) and

p(1p3/2
21)3n(1p3/2

21) components must be present in the 01
1

wave function with amplitudes smaller than one. This fa
may explain why the experimentalB(M1;01

1→12
1) transi-

tion strength is smaller than the estimated one. Similarly
can explain the fact that the experimentalB(M1) value for
the 01

1→11
1 transition in 30P is larger than the calculate

value for the supposedp(1d3/2
1 )3n(1d3/2

1 ) j 5 l 21/2
configuration of the 01

1 and 11
1 states. A small fragmen

of the quasideuteron@p(2s1/2
1 )3n(2s1/2

1 );01#→@p(2s1/2
1 )

3n(2s1/2
1 );11# transition enhances the 01

1→11
1 transition.

Let us now discuss the relation~8! between isovectorM1
transitions in the 2NSj and the Schmidt values for magn
dipole moments, which is an exact equation in the sim
single-j -shell approximation. As it was discussed abo
B(M1) values in odd-oddN5Z nuclei can differ from the
pure 2NSj estimates due to configuration mixing. This co
be partly taken into account by using quenched sping fac-
tors. On the other hand, configuration mixing can lead als
a deviation of M1 moments in odd-A nuclei from the
Schmidt values, which were used to eliminate theg factors in
Eq. ~8!. It is, therefore, very interesting to investigate to wh
extent Eq.~8! can be used to predict isovectorB(M1) values
06431
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in odd-oddN5Z nuclei from magnetic dipole moments i
neighboring odd-A nuclei. For this purpose we replac
mp( j ) and mn( j ) in Eq. ~8! with the corresponding experi
mental values. The experimentalmp and mn values are the
magnetic moments of the ground statesJp5 j p in the neigh-
boring odd-proton and odd-neutron nuclei, respective
Comparing theB(M1;01

1→11
1) value calculated in this way

with the corresponding experimental value we can concl
about the structure of the 01 and 11 states.

As an example, let us consider the nucleus42Sc. This
nucleus has one neutron and one proton occupying the 1f 7/2

shell above the even-even40Ca core. The experimental mag
netic dipole moments of theJp57/22 ground states in the
neighboring nuclei41Sc and41Ca are 5.535mN and21.595
mN , respectively. Substituting these values in Eq.~8! we get
for 42ScB(M1;01→11)515.62mN

2 . Comparing this value
with the experimental value of 11~4! mN

2 , we can conclude
that the wave functions of the 01

1 ground state and the ex
cited 11

1 state in 42Sc are dominated by the (7/2p
2)

3(7/2n
2) component, where theJr

p57/2p
2 and the Jr

p

57/2n
2 states are the ground states of41Sc and41Ca, respec-

tively.
The B(M1) values estimated fromM1 moments in

neighboring odd-A nuclei and the corresponding experime
tal data are shown in Table II for other odd-oddN5Z nuclei.
Here, we consider for all nuclei only the lowest 01→11

transitions. The estimatedB(M1) value for the14N nucleus
is larger than the experimental one. This supports our sc
matic explanation of the mixing of the QDC states with t
states formed by a proton-neutron pair in thej 5 l 21/2 or-
bital. The results for the nucleus30P are also interesting
They can be interpreted in the following way: The 01

1 state
and the 11

1 state contain a large (1/2p
1)3(1/2n

1) component.
But the 1/2p

1 ground state of the nucleus29P and the 1/2n
1

ground state of29Si cannot be pure 2s1/2 states because th
corresponding magnetic moments differ very much from
Schmidt values. These states should have more complic
structures that involve at least thed3/2 and d5/2 orbitals. It
explains partially why there are no low-lying pure QD
states in30P. The estimatedB(M1) values for other nucle
are in rough agreement with the data. We conclude that
structures of the 01

1 and the 11
1 states can often be we

approximated by the direct product (Jp
p)3(Jn

p) of the ground
states of the corresponding~see Table II! odd-Z and odd-N
nuclei.

We do not discuss here the nuclear magnetic dipole m
ments. This has been done recently@20#. We would like only
to note that the isoscalarM1 moments are less sensitive
the spin part of theM1 m.e. @see Eqs.~10!,~11!# than the
isovectorM1 transitions. This well known fact is due to th
relatively small value of the isoscalar sping factor (gp

s

1gn
s)/2 ~0.88 for free sping factors! in comparison to the

isovector value (gp
s2gn

s)/2 ~4.706 for free sping factors!.
Therefore, the constructive or destructive interference
tween the spin part and the orbital part for the cases witj
5 l 11/2 and withj 5 l 21/2 are less pronounced for the iso
0-5
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TABLE II. Experimental @32,33# magnetic dipole moments of odd-N and odd-Z nuclei, experimental
@29–31# and estimated@see Eq.~8!# B(M1) values for the transitions between the lowest 01

1 and 11
1 states

in odd-oddN5Z nuclei ~see also Table I, column 5!. The numbers in parentheses give the experime
errors in the last digits. If no number in parentheses is given, the experimental relative error is small
1023.

Odd-Z Odd-N Odd-odd B(M1;01
1→11

1) (mN
2 )

Nucleus Jp
p mp

exp(mN) Nucleus Jn
p mn

exp(mN) Nucleus Expt. Eq.~8!

5
11B6 3/22 2.689 6

11C5 3/22 20.964~1! 5
10B5 7.5~32! 5.32

7
13N6 1/22 20.322 6

13C7 1/22 0.702 7
14N7 0.05~2! 0.75

9
17F8 5/21 4.722 8

17O9 5/21 21.894 9
18F9 20~4! 14.65

11
21Na10 3/21 2.386 10

21Ne11 3/21 20.662 11
22Na11 5.0~3! 3.70

13
25Al12 5/21 3.646 12

25Mg13 5/21 20.855 13
26Al13 8~2! 6.78

15
29P14 1/21 1.235 14

29Si15 1/21 20.555 15
30P15 1.3~1! 2.33

17
33Cl16 3/21 0.752 16

33S17 3/21 0.644 17
34Cl17 0.23~2! 0.005

19
37K18 3/21 0.203 18

37Ar19 3/21 1.145 19
38K19 0.47~4! 0.35

21
41Sc20 7/22 5.535 20

41Ca21 7/22 21.595 21
42Sc21 11~4! 15.62

23
49V26 7/22 4.47~5! 22

45Ti23 7/22 20.095~2! 23
46V23 6.40

25
51Mn26 5/22 3.568 22

47Ti25 5/22 20.788 25
50Mn25 6.34

27
55Co28 7/22 4.822~3! 20

47Ca27 7/22 21.380~24! 27
54Co27 11.82

29
61Cu32 3/22 2.14~4! 28

57Ni29 3/22 20.798~1! 29
58Cu29 3.44

41
89Nb48 9/21 6.216~5! 40

89Zr49 9/21 21.076~20! 41
82Nb41 15.52
t
ri-
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C.
sor
hy,

for
clei
calarM1 moments than for the isovectorB(M1) values. The
m values for thej 5 l 11/2 and thej 5 l 21/2 branches differ
by approximately a factor of 2 forj 51/2 and become almos
equal at largej values. This is in an agreement with expe
ment. It is more difficult to see the difference between
two branches studying the magnetic dipole moments in o
odd N5Z nuclei. This difference is easier to observe
analyzing theB(M1) values regardless of their large expe
mental errors. Therefore, isovectorB(M1) values can be a
more sensitive tool for the investigation of quasideute
configurations.

IV. CONCLUSIONS

Isovector magnetic dipole transitions between low-lyi
01 and 11 states in odd-oddN5Z nuclei were studied
within the simple core1two-nucleon single-j -shell model.
Analytical expressions for isovectorB(M1) values in odd-
odd N5Z nuclei were derived. Low-lying states in odd-od
N5Z nuclei with a proton-neutron pair in aj 5 l 11/2 shell
were considered as quasideuteron configurations. Th
cases are characterized by largeB(M1) transition strengths
caused by coherent contributions of the orbital and spin p
to the total strength. The largeB(M1) values were inter-
preted as direct indications of QDC in the states which
connected by these strong transitions. Incoherent contr
tion of the spin and orbital parts to the total transiti
strength for the states formed by the proton-neutron pai
the j 5 l 21/2 shell strongly reduces theB(M1) values. The
B(M1) values for the low-lying states in odd-odd nuclei c
be predicted knowing only the single-particlej quantum
number for the orbital occupied with the proton-neutron pa
Low-lying QDC states can be expected in the 1f 7/2 nuclei
06431
e
d-

n

se

ts

e
u-

in

.

46V, 50Mn, and 54Co. Weaker transitions can be expected
58Cu nucleus (2p3/2 shell!. In the odd-oddN5Z nuclei
where the 1f 5/2 and 2p1/2 valence orbitals configurations be
come dominant for low-lying states one cannot expect
observe strongM1 transitions between these low-lyin
states. Only in the nuclei where the 1g9/2 shell plays an im-
portant role ~for example 82Nb nucleus!, can one expect
again the low-lying QDC states connected by strongM1
transitions~see Table II!. It is very interesting to identify the
QDC in the heavier odd-oddN5Z nuclei and to check how
well they fit into the picture. Recent experiments on lo
lying states in the odd-oddN5Z nuclei 46V @10# and 54Co
@11# already give some preliminary indications2 about the
existence of QDC in these nuclei with thef 7/2 shell being the
valence shell. We have related theB(M1) values in odd-odd
N5Z nuclei with the magnetic moments of neighboring od
A nuclei. The established simple connection can provide
ditional information on the structure of the 01

1 ,T51 state
and the 11

1 ,T50 state.
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