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Quasideuteron configurations in odd-oddN=Z nuclei
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The isovectorM 1 transitions between low-lying=1 andT=0 states in odd-oddN=2Z nuclei are ana-
lyzed. Simple analytical expressions forl transition strengths are derived within a singlshell approxi-
mation for both thej=I1+1/2 andj=1-1/2 cases. The largB(M1) values for thej=I1+1/2 case are
attributed toquasideuteron configuration¥heB(M 1) values for thg =1 —1/2 case are found to be small due
to partial cancellation of spin and orbital parts of el matrix element[S0556-28189)02512-1

PACS numbsgs): 21.60.Cs, 21.30.Fe, 23.20.Js, 274D.

I. INTRODUCTION states. Other odd-odd=Z nuclei *N, 3P, 34Cl, 3K have

) o considerably weaker,0— 14 transitions, in some cases with
The structure of self-conju%ate nuclel with equal n_umbersalmOst vanishingM1 strengths. The totaB(M1:0i_,
of protons(Z) and neutronsN=2Z) is currently attracting a

lot of attention. The structure odl=Z nuclei provides a
se_nsmve test for the isospin symmefd] of nuclear forc_es._ due to the underlying nuclear shell structure do not show a
It is well known that the structure of even-even nuclei with .
. . : smooth behavior.

protons and neutrons occupying different shells is deter- .

. : e Nowadays exact shell-model calculations can be per-
mined by Cooper-type pairs with isospin=1 and angular O
momentumJ=0 formed by nucleons of the same Kind. In formed for nuclei with mass numbers smaller than abbdut

y ' ~60 with conventional techniques, e.g25]. The shell-

nuclei close to theN=2Z line, where valence protons and :
godel problem can, at least partly, be solved approximately,

—17_,) strength between the low-lying states in odd-odd
N=Z nuclei depends sensitively on the mass nunend

valence neutrons occupy the same shells in addition to th ut with controllable accuracy, for heavier nuclei with newl
standard pair correlations mentioned above, proton-neutro veloned statistical Monte ():/:arlo methdds, 18, Both nu- y
pair correlations withT=1 and withT=0 can become im- °10p X . e

d"nencal techniques are powerful and important methods to

portant. It means tha.lt in addition to the p_roton—prc_)ton an describe in detail the structure of light and medium mass
neutron-neutron 0 pairs, proton-neutron pairs with different

. ..nuclei, includingM 1 properti N=2Z nuclei, on a micro-
angular momenta can play an important role. Below we will uclei, including properties o ucel, on a micro

analyze experimental information, which demonstrates th&cOoPIC level. B_e5|des_ these sophlst|cate_d numerlc_al ap-
. . A+ proaches sometimes simple models can yield analytical re-
important role of the neutron-proton pairs wilfi=1, and

. . i sults, which can help to clarify the underlying physics of a
J7=0; in the structure oN=2Z nuclei. InN=Z nuclei both P v ying Py

| . . ) certain phenomenon in an approximate but simple and trans-
kind of states with total isospin quantum numb@rs0 and  parent way. Important examples are the analytical Schmidt

T=1 exist. In odd-oddN=2Z nuclei the lowesT=0 states \5jyes for magnetic moments of odd-mass nuclei. The
andT=1 states are low-lyingbelow 4 Me\). This unique  gchmidt values were obtained in a pure, i.e., noninteracting,
phenomengn is in contrast to even-ews Z nuclei, where  ghe|l.model approach considering one nucleon outside the
the T=0 0; ground state is lowered and is separated fromeyen-even core in a singjeshell orbital. The Schmidt val-
excited T=1 states by a large energy gap. A lot of work, yes serve as important benchmarks for the actual values of
experimenta[2—11] and theoretica]12—-25, has been car- M1 moments found experimentally in oddnuclei.
ried out recently for the investigation and understanding of | the next section we will discuss analytical formulas for
the N=Z nuclear structure. One interesting phenomenon isf=g_.T=1 isovector M1 transition matrix elements in
the occurrence of very large magnetic dipodX) matrix  odd-odd N=Z nuclei, which we derive in a simple core
elements between nuclear states alongNheZ line. The 4 two-nucleon singlg-shell approximationM1 transition
M1 moments of odd-oddN=Z nuclei have recently been matrix elements are found to be large between two-nucleon
revisited[20] within a simple shell-model approach. Another quasideuteron configurationsvhich we define below. Re-
recent work[21] discusses the interference term betweenqyction ofM1 strengths in other cases will be understood as
spin and orbital contributions il 1 transitions in even-even partial cancellation of spin and orbital parts kil matrix
s-d shell nuclei. elements. Analytical expressions will be given, which relate
In this paper we focus on isovectdvl1l transitions the isovectorM1 transition strengths ilN=Z odd-odd nu-
strength between low-lying states in odd-obe=Z nuclei  clej to magnetic moments in neighboring odd-mass nuclei. In
which are accessible tp spectroscopy. Some of the odd-odd Sec. 11l we will compare the experimental data to the simple
N=Z nuclei exhibit very strong isovectdv1 transitions analytical formulas. Good agreement is obtained. Predictions
between the yrast states with quantum numiérs 0y and  for isovectorM1 transition strengths in heavier odd-obld
15 (see Table)l In a few nuclei,'%B, #Na, and?°Al, the = =Z nuclei are done from an extrapolation of our formulas up
strongM 1 transitions are fragmented among two or threeto 8Nb.
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TABLE |. Experimental[29—-31] and calculate®(M 1) values for odd-od#\=Z nuclei.M 1 transitions
are omitted which carry less than 5% of the tafalB(M1;0; —1;") strength for a given configuration. In
the column “Free theory” results of calculations for the free spifactors are shown and in the column
“Eff. theory,” for the effective sping factorsg®"=0.7g™®. The numbers in parenthesis give the experimen-

tal errors in the last digits.

3 B(M1;0{ —1;") (u{)

Used ESP(07) ESR(1%) B®AM1;0{ —17)

Nucleus configuration (MeV) (MeV) (12) Expt.  Free theory Eff. theory
Deuteron m1Sy,v1Sy) 0 15.86 7.77
SLig m1psprlps,  3.562 0 15.44) 15.44) 12.96 7.34
B mlpgavlpyy  1.740 0.718 7682 8.1(33) 12.96 7.34
1.740 2.154 0.5%)
N, m1pyovlpy,  2.312 0 0.082) 0.052) 0.58 0.13
mlpsavlpys  2.312 3.948 5(13 5(*3 12.96 7.34
B mldgovlds, — 1.041 0 204) 20(4) 15.18 9.37
2Nay;  wldi,wldd, 0.657 0.583 5.(8) >12.5 15.18 9.37
0.657 1.936 4,40
0.657 3.943 >4.4
PAl; wldgyvldgs  0.228 1.057 ®) 9.4(30) 15.18 9.37
0.228 1.850 0.8
0.228 3.723 0.
%P5 mldgovldy,  0.677 0 1.81) 1.3(1) 0.42 0.012
¥cly, m1dgvlds, 0 0.461 0.282) 0.232) 0.42 0.012
K10 mldysvldyy  0.130 0.460 0.4 1.1724) 0.42 0.012
0.130 1.698 0.2)
3236, wdfovlfq, 0 0.611 114) 11(4) 18.23 12.16
Il. ANALYTICAL FORMULAS FOR M1 TRANSITION will be also briefly discussed below.
STRENGTHS The M1 transition operator

Attempting to understand the observed data on isovector 3
O};llﬂl;rzo M1 transition strengths in odd-odd=2Z nu- T (M1)=1 /—[g'pL o+ O3Syt ghL n+9ﬁ3n]@ (1)
clei we have applied the shell model in the ceteo- 4m h
nucleon single-ghell approximation(2NSj. l.e., we con- ) )
sider an odd-oddN=Z nucleus as an ined?=0; even- IS the sum of the orbital and spin parts for protons and for
evenN=Z core with two valence nucleons, one proton andneutrons. Here. (S ) is thl?s)o_rbltal(spm) angular momen-
one neutron, in the same shell-model orbital with quantunfum operator fop e {p,n}, g, is the orbital(spin g factor

numbers(nlj). and uy=efi/2M ¢ represents the nuclear magneton.
These two valence nucleons can couple to product states A AT=1 isovectorM1 transition, for instance between
with total angular momentund=0,1, ...,3 and positive the Or_; and I_, yrast states in odd-odN=Z nuclei, is

parity. The states with even spin quantum numbers have thgenerated by the isovectghV) part of theM1 transition
isospin quantum numbeF=1 and states with odd have operator
T=0. The free one-proton—one-neutron system is the deu- D
teron. In the lowest states of the deuteron, the bodfd T W(M1)= /3 gp_gn(L L
=17 ground state and the unboudd=0; resonance, both v V4 2 po=n
nucleons occupy thesl,, shell with j=1+1/2. s
In generalization of the deuteron case we denote the wave I 9~
functions in the 2NSj approximation a&giasideuteron con- 2
figurations (QDC) in the j=1+1/2 cases. This is in agree-
ment with the conclusion made [20]. It is clarified below This is a consequence of the tensor properties ofNte
thatM 1 properties of QDC differ considerably from the casetransition operator in the isospin space. In the simple 2NSj
with j=1—1/2 due to the interference of orbital and spin approximation it is possible analytically to derive expres-
parts in theM1 matrix elements. In reality the proton- sions for the reduced matrix elemefts.e) of theM1 tran-
neutron pairs coupled to angular momentdfi=0"* or 1* sition operator. For théVi1 transition m.e. between states
can be distributed with some weights over the several singlevith total angular momentum quantum numbétsO and 1,
particle (nlj) orbitals. Experimental indications on this effect i.e., ((wj® vj);J=0||T (M1)|(7j®vj);J=1), one obtains

S

s -5,

MN
T 2
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The analysis of Eq93) and (4) results in some interesting FIG. 1. RatioR of M1 transition strengths between QDC as a
conclusions. Comparing Eg8) and(2) one can see that the function of the total spin quantum numbérplotted for different
orbital proton(L ,) and neutror{L ,) nondiagonal m.e. have single particle orbital§ = 3/2,5/2,7/2,9/2.

opposite signs and equal absolute values. This is valid also

for the spin protorXS,) and neutrorXS,) m.e.. Since the 11_.3) values can be also large in this cdsEhe QDC

(Sp) and(S,) have opposite signs as well as sgandgy;  states withJ=0, . . ., form the band of states connected by
factors, the nondiagonal spin part of the total m.e. of thestrongM1 transitions that is similar to the “shears band” in
isovectorM1 transition operator is large for both the=l  heavy nucle{27]. The strongM1 transitions caused by the

+1/2 and thej=1—1/2 cases. The orbital part of the total QDC in odd-odd\N=2Z nuclei and the stronil1 transitions
m.e. increases with increasih@nd can be comparable with related to the “shears” mechanism have similar noncollec-
the spin part for both cases. However, in the casg=of  tjve nature.

+1/2, i.e., when the orbital angular momentum and spin of But in the j=I—1/2 case one cannot expect large
the single particle are aligned, the spin and orbital parts arg(M1;J+ 1—J) values because they are proportional to the
summed up in phase, which results in large absolute valuesmall B(M1;1"—0") value by a spin-dependent propor-
of the total m.e. and consequently in large values of thqionamy factor, which is close to one.

reduced M1 transition strength B(M1;0; —1g) Equationg3) and(4) can be used also to derive within the
=(0*[|T (M1)[17)2. The opposite happens in the=l  singlej-shell approximation a unique formula for the
—1/2 case—the orbital and spin parts partially cancel and th&(M 1) values for bothj=1+1/2 andj=1—1/2 cases in

reducedM1 m.e. becomes small. The constructiy. (3)]  terms of magnetic moments of neighboring oMduclei. In
and destructivgéEq. (4)] interference of the orbital and spin the independent particle model, the magnetic dipole moment
parts plays also an important role in Gamow-Teller transi-u of a nucleon in an orbitainlj) is given by the Schmidt
tions andM 1 vy transitions in even-eveN=Z nuclei, as it  values[28]:
was recently shown ifi21,22,.

Other isovector transitions that involve states with the

spin J™ quantum number different frold”=0" and J” . E - g_g
—1* (AT=1, J+1—J) in odd-oddN=2Z nuclei can be “P(“H 2|91+ | ©
sizable in the strength with the"1-0" transition strength.
In the 2NSj one can derive the simple relation _
'—I—l— J p|+1_g§ 7
B(M1;J+1—J) ro| 1= 5 ) = g AU+ D= 5 s @)

3(3+1)(2)+2+3)(2j-J)

L1+ +
2+ D(20+3 MLl =00

wherep= 7 for proton andv for neutron.
5) The combination of Eq¥3),(4) with Egs. (6),(7) results

in a simple relation between thd 1 strengths of transitions
This relation is valid for both th¢=1+1/2 andj=1—-1/2 between 2NS;j states and magnetic moments of neighboring

cases. The dependence of the rat®=B(M1;J+1  odd-mass nuclei:

—J)/B(M1;1"—0") on the spin quantum numbérof the

final state for different singlgis shown in Fig. 1. As can be

seen from Fig. 1 the number of transitions sizable in strength IHowever, it should be emphasized that configuration mixing can
with 17— 0" transition increases with increasipgsince the  significantly reduce th®(M1,J+1—J) values forJ>1 (even if
B(M1,0"—1") value is large for the QDC, th8(M1,J the 1" and 0" states are predominantly QDC states
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B(M1;(7jxvj),0"—(mjxvj),1")
3 j+1

~1a j—[Mw(i)—My(i)]Z- (8)

The spin-orbit interference is hidden now ja.(j) and
©,(J) quantities. ExpressiofB) does not explicitly contain
orbital and sping factors and therefore can help to explore
the structure of the yrast'Ostate and the 1 state in odd-odd
N=Z nucleus in an alternative way.

In contrast to the isovectoM1 transitions discussed

above, the magnetic dipole moments in odd-odd nuclei are

generated by the isoscaldB) part

gpt0n
2

9p+0n
2

7’
T s(M1)= (LptL o)+ (Sp+Sn)| 5

©)

of the M1 operator. We consider now magnetic dipole mo-
ments of odd-odd nuclei in the 2NSj approximation. The
expressions for th&1 moment in a state with angular mo-
mentum quantum numbercan be written in the following
way:

. 1 gp+0n
u(1=l+§):m<g'p+g'n>l+ o |un, (10
and
J gS+gS
i—l—Zl=—" |id4d _Zp"5n
(11

The partial cancellation of spin and orbital parts in jkel
—1/2 case is also obvious from E(L1). However, theu
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— - free theory
---- - effective theory

1

N

2

BM1, 0+—1+) [ u

Single particle /

FIG. 2. The calculated and experimen& B(M1;0; —1.)
values(see Table I, columns 6)&re given as a function of the
single-particle orbital angular momentumThe results of the cal-
culations are shown for the QD{G=1+1/2 branch(Eq. (12)] and
for thej=1-1/2 branchEq. (13)]. The full lines correspond to the
free theory(free sping factorg and the dashed lines to the effective
theory (with quenching factor,=0.7). The experimental data for
different elements are labeled. The value fNa represents a
lower limit. One expects the experimental values to lie between or
in the vicinity of the two lines for bothj=1+1/2 andj=1-1/2
cases.

The B(M1) values from Eqs(12),(13) are plotted with
solid curves in Fig. 2 as functions of the single-particle or-

values are not very sensitive to the spin part due to the smajita| angular momentunh. The deuteron belongs to ttje

value of the sum of proton and neutron spifiactors.

Ill. DISCUSSION

In this section we will confront the simple formulas from
above with the data. Using Eq&3),(4) and freeg factors
(9,=1.0, 9,=0.0, g5=5.5857, andy;= — 3.8263), we ob-
tain for the B[M1;(7mj®vj),J"=0"—(7mj®vj),J"=1"]
values the expressions

3 j+1
.0+ +y_ 2,2
B(M1;0"—1%)=— ——{1+4.708%uy,
f j=1 L 12
or j=l+3 (12
and
B(M1-0+—>1+)=1L[|—3706]2 2
' A j+1 T AN
f j=1 ! 13
or j=l-3 (13

=1+1/2 branch. Only the spin part would contribute to the
B(M1) value if theJ"=07_, state of the deuteron were
bound. The calculate®(M1) value for a modeled bound
state is very large: B[M1;(mSy;vS;),J=0"

— (7S1¥S172),d=1"1=15.86u3 . OtherB(M 1) values cal-
culated from Egs.(12),(13) assuming reasonable single-
particle orbitals are given in Table | together with the corre-
sponding experimentdd(M1) values.

For j=1+1/2 cases Eq(12) yields largeB(M1) values
sizable with theB(M1;0"—1") for the deuteron. There-
fore, the largeB(M1;0" —1") values in odd-oddN=Z nu-
clei can be considered an indication of the QDC. The strong
M1 transitions in®Li and '8F are the best examples for
transitions between QDC. IfNa a large lower limit for the
total B(M1;0*—1") value is obtained from summing up
the M1 strengths from three transition fragmerdgse Table
I). This value agrees with the estimate foBaM 1) value
between QDC, too.

For the four odd-oddN=2Z nuclei 1%, N, 2°Al, and
425c largeB(M1) values are known, as well. These values
are, however, smaller by a factor of about 2 than the corre-
sponding QDC estimates with fregfactors. Deviations of
the data from the simple expressiaii®),(13) can be attrib-
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uted to configuration mixin§26], which are neglected in the in odd-oddN=2Z nuclei from magnetic dipole moments in
simple 2NS;. neighboring oddA nuclei. For this purpose we replace
Configuration mixing can be taken into account to a cer-u.(j) and u,(j) in Eq. (8) with the corresponding experi-
tain extent by using quenched sgjifiactorsgs= aqggeewith mental values. The experimental. and ., values are the
a quenching factow,. We have computed effectivig(M 1) magnetic moments of the ground stai€s=j™ in the neigh-
values withaq=0.7 for both caseg=I1+1/2 andj=1—1/2  boring odd-proton and odd-neutron nuclei, respectively.
from Egs.(12),(13). Comparing thé8(M1;0; —1;) value calculated in this way
The results are included in Table | and plotted withwith the corresponding experimental value we can conclude
dashed curves in Fig. 2. The effectiB€M 1) values agree about the structure of the'0Oand 1" states.
with the data fromB, '*N, 2°Al, and %’Sc. These agree-  As an example, let us consider the nucletfsc. This
ments with the estimates using quenclgetactors indicate  nucleus has one neutron and one proton occupying thg 1
that a precise quantitative understanding requires larger scadhell above the even-evéfiCa core. The experimental mag-
shell-model calculations. The main mechanism is, howevemetic dipole moments of thd"=7/2" ground states in the
understood already in the simple 2NS;j. neighboring nuclef!Sc and*!Ca are 5.53%, and —1.595
Small experimental isovectd(M1) values were found ., respectively. Substituting these values in B).we get
in N, %P, *Cl, and **. SmallB(M1) values are calcu- for “2ScB(M1;0"—1%)=15.62.%. Comparing this value
lated in the 2NS;j for thg =1—1/2 case, regardless whether th the experimental value of 14) ﬂﬁ we can conclude

free g factors or quenched factors are used. The best ex- that the wave functions of the;Oground state and the ex-
amples for an isovectdvi1 transition between the,Ostate  jiaq 17 state in *’Sc are dominated by the (7/P

and the § state, which almost vanishes due to the cancella—x(wzf) component, where thed™=7/2" and the J”
tion of the orbital and the spin parts, are observed'®l and " ' ¢ " P
38K. This cancellation can reduce ti@(M1) value by a tively
factor of more than 20 in comparison to the lamesideu- Thé B(M1) values estimated fronM1 moments in
teron M1 transitions. Such a drastic difference between

quasideuterontransitions andnonquasideuterorransitions neilghbormg (;]ddﬁ\ n_uc_:_elbzlin(ill ';he c%rres%%ng;ndggzexperlmen-
can be qualitatively well understood within the 2NSj ap-ta ata are shown in Table Il for other odd- nuciel.

proximation. Here, we consider for all nuclei only the lowest ©:1*
Particularly interesting cases at\ and ®P. In N two  transitions. The estimateBi(M 1) value for thelN nucleus

kinds of transitions coexist at low energy. The transitioniS larger than the experimental one. This supports our sche-
from the O state to the I ground state is very weak and Matic explanation of the mixing of the_Q_DC_ states with the
can be related to the=1—1/2 (p,, shel) case. The next;l sFates formed by a proton-neutron pair in l]hell— 1/2 or-
state at 3.948 MeV is also low-lying and connected with thebital. The results for the nucleu¥P are also interesting.
0} state by a strong/1 transition. This transition can be They can be interpreted in the following way: Th¢ 8tate
considered as guasideuteroriransition (=1+1/2 casgin  and the 1 state contain a large (1/2X (1/2,) component.

the pg;, shell. It means that bothr(1pl,) X »(1p},) and  But the 1/2. ground state of the nucleuSP and the 1/2
77(1p§/21)>< V(lpgj,%) components must be present in thg 0 ground state of°Si cannot be pure €, states because the
wave function with amplitudes smaller than one. This factcorresponding magnetic moments differ very much from the
may explain why the experiment&8(M1;0; —1,) transi-  Schmidt values. These states should have more complicated
tion strength is smaller than the estimated one. Similarly onstructures that involve at least thlg,, and ds, orbitals. It

can explain the fact that the experimenB{IM 1) value for  explains partially why there are no low-lying pure QDC
the 0F —1; transition in 3P is larger than the calculated states in®%P. The estimate®(M1) values for other nuclei
value for the supposedm(1dl,)x»(1dl,) j=I—1/2 are in rough agreement with the data. We conclude that the

configuration of the § and 1 states. A small fragment Structures of the D and the 1 states can often be well
of the quasideuteron] 7(2s},) X v(2s},,);0" 1—[ 7(2s1)) approximated by the diregt product) x (Jp7) of the ground
X v(2s},);1*] transition enhances the 0-1; transition. states of the correspondirigee Table )l oddZ and oddN

Let us now discuss the relatid8) between isovecta1 ~ Nuclei. _ o
transitions in the 2NSj and the Schmidt values for magnetic e do not discuss here the nuclear magnetic dipole mo-

dipole moments, which is an exact equation in the simpld"€nts. This has been done receiii]. We would like only
singlej-shell approximation. As it was discussed abovel0 note that the isoscaldi 1 moments are less sensitive to

B(M1) values in odd-oddN=Z nuclei can differ from the the spin part of thevil m.e.[see Egs(10),(11)] than the
pure 2NSj estimates due to configuration mixing. This COumisovgc;toer transitions. This V\_/ell known fa.ct is due to the
be partly taken into account by using quenched sprac-  relatively small value of the isoscalar sp@ factor (g;
tors. On the other hand, configuration mixing can lead also tat 9)/2 (0.88 for free sping factorg in comparison to the

a deviation of M1 moments in oddh nuclei from the isovector value §,—gp)/2 (4.706 for free spirg factors.
Schmidt values, which were used to eliminategtfactors in ~ Therefore, the constructive or destructive interference be-
Eq.(8). ltis, therefore, very interesting to investigate to whattween the spin part and the orbital part for the cases yvith
extent Eq.(8) can be used to predict isovec®(M 1) values =I+1/2 and withj =I—1/2 are less pronounced for the isos-

=7/2, states are the ground states*6c and*'Ca, respec-
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TABLE Il. Experimental[32,33 magnetic dipole moments of odd-and oddZ nuclei, experimental
[29-31 and estimatefisee Eq(8)] B(M1) values for the transitions between the lowe§tahd 1 states
in odd-oddN=Z nuclei (see also Table I, column)5The numbers in parentheses give the experimental
errors in the last digits. If no number in parentheses is given, the experimental relative error is smaller than

1073,

OddZ OddN Odd-odd  B(M1;0; —1;) (u3)
Nucleus  J7  wup®(umn)  Nucleus  J7 TRl 0710 Nucleus Expt. Eq(8)
$'Bs 3/2- 2.689 s 3/ —0.9641) 9B 7.532) 5.32
N, 12~ -0.322 2c, 12~ 0.702 N, 0.052) 0.75
§'Fg 5/2F 4.722 /0 5/2¢  —1.894 35 20(4) 14.65
YNay, 32" 2.386 Ne, 328 —0.662 Nay; 5.03) 3.70
A4, 5/2* 3.646 Mg, 5/2" —0.855 20115 8(2) 6.78
P 1/2* 1.235 Sis 12" —0.555 P15 1.3(1) 2.33
3Clig 3/2 0.752 333, 3/2¢ 0.644 ¥, 0.232) 0.005
;i‘éKlg 3/2* 0.203 %Ar19 3/2* 1.145 ing 0.47(4) 0.35
3160 712 5.535 aCa,  7/27 —1.595 3256y, 11(4) 15.62
N6 712° 4.475) STi,s  7/27  —0.0952) 2V os 6.40
3Mnys  5/2° 3.568 STi,s  5/27  —0.788 SeMn,g 6.34
32C0sg 712- 4.8223) 5Ca; 7/27 —1.38024)  3iCo,y 11.82
SiCu, 327 2.144)  3Nix  3/27  —0.7981) 35C g 3.44
8Nb,s  9/2° 6.2185)  $7r,e 92"  —1.076200  $Nb, 15.52

calarM 1 moments than for the isovectB(M 1) values. The 46\/, 5OI\/ln' and °%Co. Weaker transitions can be expected in
wu values for thg =1+ 1/2 and thg =1 —1/2 branches differ 58Cy nucleus (P32 shel). In the odd-oddN=2Z nuclei
by approximately a factor of 2 fgr=1/2 and become almost where the I, and 2, valence orbitals configurations be-
equal at largg values. This is in an agreement with experi- come dominant for low-lying states one cannot expect to
ment. It is more difficult to see the difference between thegpserve strongM 1 transitions between these low-lying
two branches studying the magnetic dipole moments in oddstates. Only in the nuclei where th@gl, shell plays an im-
odd N=Z nuclei. This difference is easier to observe byportant role (for examp|e 82Nb nucleug, can one expect
analyzing theB(M1) values regardless of their large experi- again the low-lying QDC states connected by stravig
mental errors. Therefore, isovectB(M1) values can be a transitions(see Table Il. It is very interesting to identify the
more sensitive tool for the investigation of quasideuteronQDC in the heavier odd-odN=Z nuclei and to check how
configurations. well they fit into the picture. Recent experiments on low-
lying states in the odd-odd=Z nuclei 4%V [10] and **Co
[11] already give some preliminary indicatiGnabout the
existence of QDC in these nuclei with tfig, shell being the
Isovector magnetic dipole transitions between low-lyingvalence shell. We have related B¢M1) values in odd-odd
0% and 1" states in odd-oddN=Z nuclei were studied N=Z nuclei with the magnetic moments of neighboring odd-
within the simple coretwo-nucleon singlg-shell model. A nuclei. The established simple connection can provide ad-
Analytical expressions for isovect@(M1) values in odd- ditional information on the structure of the;QT=1 state
odd N=Z nuclei were derived. Low-lying states in odd-odd and the J ,T=0 state.
N=Z nuclei with a proton-neutron pair in jg= 1+ 1/2 shell
were considered as quasideuteron configurations. These

IV. CONCLUSIONS

cases are characterized by lageM 1) transition strengths ACKNOWLEDGMENTS
caused by coherent contributions of the orbital and spin parts ) _ )

preted as direct indications of QDC in the states which ard riessner, A. Schmidt, I. Schneider, Dr. J. Eberth, Professor
connected by these strong transitions. Incoherent contribul- Otsuka, Professor A. Gelberg, Dr. R. S. Chakrawarthy,
tion of the spin and orbital parts to the total transition@nd Dr. L. Esser. R.V.J. thanks the Universita Kaln for
strength for the states formed by the proton-neutron pair ifUPPOrt.

the j=1—1/2 shell strongly reduces ti&M 1) values. The

B(M1) values for the low-lying states in odd-odd nuclei can

be predicted knowing only the single-particjequantum  2The measured branching ratios and multipole mixing ratios for
number for the orbital occupied with the proton-neutron pair.some transitions and isospin symmetry with the neighboring nuclei
Low-lying QDC states can be expected in th&,4 nuclei  require strongM1 transitions.
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