NATURE OF ISOVECTOR /-FORBIDDEN M1 TRANSITIONS
IN LIGHT NUCLEI
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Systematization of existing experimental data on probabilities of /-forbidden M1 transitions observed in the y-de-
cay of isobaric analogue resonances in odd-nuclei with 4 <52 is carried out. The collective effects, connected with
excitation of core-polarized states and the giant M1 resonance, are shown to contribute to the mechanism removing

[-forbideness for the mentioned M1 transitions.
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1. INTRODUCTION

It is known that M1 transitions with Al =2 are strictly
forbidden in the pure shell model [1]. Nevertheless, such
transitions are experimentally observed in all mass regions
that make them the good tool for checking the theoretical ap-
proaches in describing properties of the excited states of nu-
clei.

Till now the isoscalar /-forbidden M1 transitions be-
tween low excited states without isospin changing
AT =0 represent special interest for researches [2].
However, the previous analysis of experimental data [3]
allows to state that among M1 transitions the other
group of the single particle /-forbidden M1 transitions at
which isospin of initial state 7> = T, + 1/2 and isospin of
final state 7<= T; -1/2 change by one unit (75 — isospin
of a nucleus core) is allocated also.

The present work is a part of investigations of the
isovector /-forbidden M1 transitions which include the re-
sults of our experiments on research of the y-decay of ana-
logue resonances (AR) in nuclei of the 1d2s-shell [4, 5] and
also searching of the systematic tendencies for all known
data on the mentioned type of transitions in nuclei with
A <52,

2. SELECTION OF EXPERIMENTAL DATA

The feature of considered mass region is the pres-
ence both spherical and deformed nuclei [6]. This fact
considerably complicates the problem of identification
of the pure single particle /-forbidden M1 transitions,
and especially in our case, when the transition goes be-
tween resonance and excited levels in a nucleus with the
change of isobaric spin on unit. Therefore, the objective
criteria of the selection of experimental data need to be
established.

Identification of configurations was carried out on
intensity of state population, measured in reactions with
passing of one nucleon or out of experiments on scatter-
ing nucleons on nuclei. However, such information was
missing for some analog levels. In this case the values
of spectroscopic factor S, of parent states [7] were used.

As an indirect way for the selection of the single
particle /-forbidden M1 transitions with AT =1 the val-
ues of mixing ratios &E2/M1) were used. Unfortunate-

ly, the experimental data about these parameters are ut-
terly fragmentary and it does not give an opportunity to
estimate the contribution of collective components in
the structure of AR. On the basis of the available data it
is possible to note that impurities of the £2 components
in the /-forbidden M1 transitions are insignificant. For
cases when spin of AR is equal to 1/2, the assumption
that parameter 6(E2/M1)=0 for transitions s, — ds»
was accepted.

3. DATA ANALYSIS

The rules, formulated in the previous section, were
used for the data selection for discussions, which are
listed in the Table. There are also a number of y-transi-
tions in this Table which do not answer strictly to the
selection rules mentioned above, but they allow to re-
veal systematic tendencies for /-forbidden M1-transi-
tions 7> — 7~ in light nuclei with odd A.

The data on total radiation widths 77, of AR decay
are taken, mainly, from the data on integrated cross sec-
tions of (py)-reactions. In the case, if the proton width 7,
of a resonant level is not known, it is supposed that
I, >> T, and only the lower limit of the partial width I,
(M1) value is given in the Table. For AR laying on exci-
tation energy lower than the energy of bound proton, the
evaluation of the /-forbidden M1 transitions velocity
was carried out from the life time 7 of the given states
[7]. The inaccuracy in value /(M1) includes the deter-
mination errors of I, values of branching ratio h(y) and
parameter O(E2/M1). At presence of several sets of ex-
perimental data for specific y-transition the preference
was given to results with the least inaccuracies.

For the quantitative determination of the decay prob-
ability of the /-forbidden M1 transitions in comparison
with single-particle evaluations, the factor of forbide-
ness Fu was used:

B(M1D)*"

2L )
(M1)

The evaluation of the B(M1)" value was taken from

Moszkowski estimate [8] with the statistical factor

S(J;, L, J) =1 as the y-transitions forbidden on / in the
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single-particle shell model are considered. In such ap-
proximation we have [1]:
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Spectroscopic data on [-forbidden M1 transitions T- — T< in light nuclei

Nucleus| E; - E;,xeV |()), - ()| [, 10°@V | &A8) |BM1), 1071 | Fu Ref.
Be 143922429 | paa—fon | 762(38) 38.9 4.6 [9]
B 146552361 | pin—fin | 762(76) 349 5.1 [9]
1R 7540 54378 | dsn—grn | 151(24) [0.042(30) 407 0.44 [10]
7661 > 0 | diposip | 71(18) | 0.06(2) 13.5 13.3
879351554 | sip—dyn | 5.609) 0) 1.26 142
-3908 Sdyp 15.4(23) 0) 11.3 15.9
- 6497 ~dy, | 42(6) (0) 29.6 6.1
6528 ds, | 14Q) (0) 10.3 17.4
L7262 dsy | 1202 (0) 28.5 6.3
2INa 8973 51716 | dsn—gmn | 67(13) | 0.02(2) 172(33) | 9.70) | [7]
9220 0 | sipodsn | 435(85) (0) 55 3.0
%Na 78912076 | dsp—gmn | 295(19) | 0.01(4) 128(8) 1.4 [4,11]
8664 - 0 Sip—dapn 329(82) 0) 49(7) 34
-2982 >dsp | 15.309) 0) 8 20
9608 2391 | dip—sin 3(1) -0.20(2) 0.78 213
4430 s | L13) 0.01(3) 0.78 213
97002391 | dip—sin 45 0.04(7) 5.5 45
9732 440 | gp—dsy | 22.2(6) |-0.033(7) >0.27 <620
~3914 ~dsp | 20.5(1) | 0.12(5) >0.25 <670
~5379 ~dsp | 20.4(1) | -0.02(3) >0.48 <350
- 5742 Sdsy | 205(1) | 0.0003) >0.77 <216
1001652076 | dsn—>gmn | 217.2(2) |0.276(14) >33 <50
101692076 | dsp—gmn | 1.44(4) | -0.11(3) 0.27 626
L4775 —gm 90(2) | -0.30(2) 56 3.0
5927 g 1.44(4) -0.18(4) 1.9 90
1023152076 | dsp—gn >3 0.01(5) >0.54 <307
~5927 ~gm >8.3 -0.04(2) >10.2 <16.3
10346 2076 | dsn—gm 2.3 0.06(2) 4.5 45
10440 2076 | dsp—gmn 24 -0.093) 5.6 56
Mg | 105492076 | dsz— g 3.4 0.07(6) 3.5 65 [7]
BAl 790151613 | dsp—gmn | 3.7(7) | -0.07(6) 1.5(4) 114(45) | [7,12]
79705 452 | diposin | 2.002) 0.46 361
VA1 68141014 | sip—dsn <1 (0) >0.49 <342 | [13]
3680 ~dsp <0.3 (0) >0.99 <169
3p 6381> 0 | dinosin >2 (0) >0.4 <500 [7]
7141 51266 | syp—dsn 46(5) (0) 20(2) 8.8(9) | [14,15]
8033 - 3415 d5/2—>g7/2 >0.3 010(8) >0.3 <650
- 4634 - gmn 0.1 0.03(8) >0.3 <600
5529 g >0.1 0.17(15) >0.4 <400
8738 0 | diposin | 2.0(5) 0.20(7) 0.29(7)  |567(140)
~3134 Ssip | 46(11) | -20(14) 2.6(5) 65(13)
.,5256 Lspn | 05(1) | 0.15(10) 1.1(3) 150(40)
92415 0 | dsn—osin 17(3) 0.04(3) 2.1(4) 79(16) | [16]
~3134 S 3(1) 0.7(5) 1.3(3) 129(26)
1g 5480~ 0 | sip—dsn (3.2) (0) 1.9 87 [12]
B0l 55445 0 | si—dsn 32 (0) 1.8 90 [12]
301 5654 51219 | dipn-sin | 0.2(80) 0.2 742 | [17,18]
7179~ 0 S12— dzn 2.7(8) 0) 0.7 232
~2694 dyy | 0.28(8) (0) 0.3 548
~3918 dyy | 021(6) (0) 0.6 280
8381 52646 | sin—dsn 5(1) (0) 2.6 64
-2694 —din 7(1) (0) 8.8 19




Nucleus| E - E;,xeV |()), - ()| I}, 1028V | &A8) [BM1),10°0 | Fu Ref.
4Ca 5819 - 3400 dspp — 81 <0.3 0.03(2) >1.8 <93 [19]
6822 4417 Sip—dan <0.1 0) >0.7 <237
4728 —~dipn <04 0) >2.0 <82
4ge 59393411 din—S1n 2.3(6) 0.05(4) 14.0(35) 11.9 [7]
Y19 10310 - 1297 D3n—fon 5.4(6) 0.63 285 [20]
S 155553084 fsn—pan >170 7.5 24 [21]
vy 77455 91 D3n—fon 32 6.1 29 [21]
- 4085 —fon 21 36.5 4.9
4122 —~fin 6 10.8 16.6
4631 —fin 5 14.1 12.7
sy 9390 319 Pin—fon 73.6 8.4 21 [22]
3082 > fin 11.5 39 46
Bty =L, @)
I poEN
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where for transitions suchas [+ 1/2 « [ ¥ 1/2. 5"
1 18}
M, =(n-2g)" €) e 75
e 03s 5
Here [ — the magnetic moment of a nucleon; g; — the or- g 7" N 3
bital gyromagnetic ratio. SO >
< 5
4. DISCUSSION 3 ‘ AS
The analysis of the collected experimental data on 0 4 ‘ s & MelV

the given M1 transitions in considered nuclei allows for-
mulating some general conclusions. It is established that
I-forbidden M1 transitions with AT=1 are observed in
all region of odd nuclei with 4 <52. There are two
types of isovector /-forbidden M1 transitions. Their in-
tensity, in some cases, is comparable with the intensity
of the single-particle M1 transitions between the analog
and antianalog states (B(M1) ~ 1 W.u.).

Transitions such as AR — 0 are concerned to the
first type of the investigated ones. The nature of such
transitions is caused by that the giant M1-resonance,
which centre of gravity, is placed in the region of exci-
tation energy of analogue states in light nuclei, takes
part in formation of total radiation width of AR.

To the second type — M1 transitions from AR on the
low-excited states in nuclei related to the core-polarized.
Really, y-transitions to these states are possible.

For example, the distribution of B(M1) values for di-
rect transitions from an analog dsp-state on low-lying
levels in ®Na is shown at the Figure. It is visible from
distribution of B(M1) that excited states with J*=3/2",
5/2" and 7/2" are most intensively populated. Its centre
of gravity lays at £ = 4,93 MeV. This maximum in dis-
tribution is caused by population of core-polarized
states (CPS), which are fragmented on a spectrum of the
»Na nucleus, and it lies in region of excitation energy
expected from microscopic calculations [23]:

AR “

By~ Eon® (0,5 V2)4 B

where P, — pairing energy of a neutron.
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Distribution of probabilities B(M1) for direct transi-
tions from an analog ds; state to levels of Na

In fact the given analogue state has a configuration

>J:5/2T:m, i.e. it may be considered as

2 n
|(d5/z JoTy %572
one 1ds, nucleon connected with two ds» neutrons, cou-
pled in (JoTo) = (01) over an inert core of *Ne (**Ne is

possible to consider as twice magic core 'O+ a-
cluster). Then the transition of the core from (d2,) to

(d2,)}, is possible, and in this case the probability of

M1 transition is large according to [24] since transition
includes a ds,-particle. It should be noticed that there is
the core-core M1 transition without changing state of a
valent dsp-particle. Thus, it is necessary to conclude,
that the mechanism removing /-forbideness for the men-
tioned M1 transitions occurs due to the collective effects
connected with the excitation of core-polarized states
and the giant M1 resonance.
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IMPUPOJA U30BEKTOPHBIX /-3AINPEINEHHBIX M1-IIEPEXOJAOB B JIETKHUX AAPAX

A.H. Booun, H.B. Ywakoes, JLII. Kopoa, O.A. J/Ienewixuna, C.A. Tpouenko

IIpoBeneHa cucTeMaTKa SKCIIEPUMEHTAIBHBIX JAHHBIX O BEPOATHOCTSIX M30BEKTOPHBIX /-3ampeIieHHbIx M1-me-
pexo0B, HAOMIOAAIOMINXCS TIPH paciiazie n300ap-aHaTIOTOBBIX COCTOSIHMI B JIETKUX Anpax ¢ He4eTHbIM A. [Tokasa-
HO, YTO 3aMETHBIM BKJIAJl B MEXaHU3M CHSTHS [-3ampeTa Al yKa3aHHBIX M1-miepexomoB Nar0T KOJUIEKTHBHBIE (-
(exThI, 00YCIIOBIICHHBIE BO30YKAEHHEM COCTOSIHUH THIIA MOJISIPU3AMU OCTOBA M TMT'aHTCKOT0 M1 -pe3oHaHca.

NPUPOJA I3OBEKTOPHUX /-3ABOPOHEHUX M1-IIEPEXOJIB ¥ JIETKUX SAAPAX
O.M. Booin, I.B. Ywaxoe, JI.II. Kopoa, O.0. Jlenewkina, C.0. Tpouenko
[IpoBeeHO cUCTEMATHKY SKCIICPUMEHTAJIBHUX JaHUX PO IMOBIPHOCTI 130BEKTOPHUX /-3a00poHeHux M 1-nepe-
XOJIiB, IO CITOCTEPIraroOThCs MPH PO3MAai 1300ap-aHATOTOBUX CTaHIB Y JIETKHUX siApax i3 HemapHUM A. [Toka3aHo, 1m0

MOMITHAH BHECOK Yy MeEXaHi3M 3HATTS [-3a00pOHM Uil 3a3HaueHHX M1-mepexoiiB AaloTh KOJICKTHBHI e(eKTH,
TOB's13aH1 31 30y/PKEHHSIM CTaHIB THITY TIOJIIpH3allil 0CTOBA Ta riraHTchKoro M1-pe3oHaHcy.



