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1, Introduction

It is well known that the spin-spin component of residual nuc-

. lear interaction -leads to the polarization phenomena in odd-mass :

nuclei. This interaction strongly affects the magnitudes of magnetic
moments, decoupling parameters, etc, /1 2/ 1t is p0551b1e to understand
the polamzatlon effects by assuming a coupling of the odd parhcle

to the 1% excitations of the "even core, these gxcitations ‘being gene-

rated by the spin-spin force, In ref, I3 we nave invéstig'ated some |

properties of the 1+ excitations in even deformed nuc1e1 in the ‘fra-

mewor’k of the Tamm-Dankoff approximation (TDA) The model Ha-

m11ton1anv investigated, the dispersion equation for the energy and.

expressions for the wave functions of 17 states were given in detail

also in ref./3/,

' In the present communication we treat in more detail the dipo-
le sum rule and M1l gamma-ray strength function and we also dis-
cuss the ,positibn of the giant M1 resonance inthe region of high

energiesx[ .

.

x/ Similar 1nvest1gatlon of the strencth function for M1 trar}s7tlons
in the region of energy 2-9 MeV have recently been mad
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2. Characteristics of 1 States
. . H N ? . N L
To describe the 1" states in even-even nuclei”we make use

_ of the Hamiltonian of the type/3/ ‘

H=H +H +H, : L (D)

sp pair

where H _, describes the single-particle motion, H ., ' is the
pairing interaction and Hs" is the spin-spin interaction which is
specified‘by the following étrength parameters: "3nn =K_ . =K and -

Kip =9K . The wave functions are built as linear combinations of -
two quasi-particle states, whose émplitudes are found by wvariational
method. The energies o; of 17 states are the solutions of the
dispersion equation .of TDA,

In order to characterize the 1+ states we make use of the
follown‘lg quantities: . .

(i). The reduced pr‘obablhty of M1 exc1tat10n from .the ground
state B(M1,041) (for the expression cf. ref, /3/)

(ii) The .dipole sum rule : . RN

w, 11D, (D DY, >=8 30 B, @

where |¥,> is the wave functlon of the ground state and D is the
magnetic dipole. operator. We consider the r.h.s. of (2) as a functlon
X, of the number of states involved in the summation, This part. of
the sum rule depends on the strength of the spin-spin mteractton,

(i) The strength functions Sﬁ (g=01) . for M1 transitions,
defined as ) ‘ bir

S (E.)AE= S1<17K=p] M(MI,p)1¥, >17, (3
pTY OB o . (),

where M(M1,x) is the operator for M1 transition, and the summa-

.

tion runs over a cenain energy interval AE



The strength functions are related to the average reduced -
width of M1 transition k w1 by the following expression/5/_
k., =27 x10 S(E )=L. D 'EZ%, |
M1 Tetb X S A y (4)
where T, is the a\}erage partial width for M1 transition in eV
D is the average spacing between the levels of the same spm
and parity (in MeV) and Ey s the gamma-ray energy (in MeV),
The strength functlon S(E ) is the statistical sum of Su for p=0

and 1

- N ) ‘\ —1— _ oL ‘ . .
S(E)=8,(E )+ 48, (E )-8 (E ). | )

I-Iawng in mmd these characteristics we have investigated the
properties of the’ 1" states in the following three energy regions:
(1), Spectroscopic' 1" states in the region of energy o = 2-4MeV,
(i1 1* states in the fegfbn of the neutron binding energy
(region of the resonance cabtur;é 6f slow neutrons) @ = 5-8 M'eV'
(iif) 1" states in the region of the giant magnetic dlpole re—.

sonance (w > 9 MeV)

3. Discussion of the Results
/6]

getting the best descrlptlon of the spectra of the. smgle-partlcle and. -

’I‘he Nilsson scheme of sihgle—par'tiéle levels, improved'for
" collective excitations in rare-earth nuclei was used, Fourty neutron
and fourty proton levels were 'takén into account. All the single-
particle levels involved lie below the neutron bindihg energy,

From calculations of magnetic .moments the strength .parameters
k. and q were defermined ‘to lie within the range O.O4'ﬁ'w0\sx_<_‘((].05hmb
and0>q >=1/4 . |

Due to the repu151ve char‘acter of the spln—spln Lnteractlon
the collective mode  of excitation assomated with thls mteractlon is

expected to appear in a high-energy region; consequently, the r.h.s,



of the sum rule (2) must exceed the 1hs. “The behaviour of .the
, Y

L

functlon
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w, B (MI) : ' (6)

1 i B v

shows the location of the collective mode and the energy region
of the saturatlon' of the r.h.s. of the sum rule.

The strength funchons S(E ) were calculated for two-quasi-'’

particle excitations®* (x=0) and for collective 17 states. The ave-=
raging was carried out over the ene rgy interval of AE =1,25 MeV,
as in ref /4 /

. Now we sha11 dlSCuSS the results obtained for each energy
region of 1" excitations.

(1) The spectroscoplc 1" states may be observed by means
‘ of ordmar'y spedroscopic methods, In tables 1, 2 the calculations
for the low-lying 1" states in the nuclei of 0Dy and 1 GH[’ are
‘presented The weak . collectivization and small values of BMl) are
characteristic of these states. The particle-hole 1* states (K=1)
with B(Ml, 0-1) = 1B(M1) P?{I which are formed by quasi-
particles in the levels belonging to one spherical subshell may
sometimes appear among them,

The number of the low—lying- states with K=0 is rather small,
The spectroscopic 1* excitations give a small contribution to the
sum rule (see fig. 1). The spin-spin interaction decreases the mag-
nitude of the strength function S in this energy region (see f1g.2)
The strength function §, and the reduced width le - have relr:\xtl—
y = 4 MeV (fig.2,3).

All characteristics of the. spectrcscopic 1t states depend

vely small maxima at E

weakly on the strength of the spin-spin interaction,
(ii) The 1* states show more varied properties in the energy

region of the resonance neutron capture (5-8 MeV). The states with

90 + 2
1B ML), = 2 (i)



. K=0_ inthis region are also weakly collectivized and give a small
3 qontribution to thé sum rule, The strength function S.(E ) is also
not very lé.rge (fig.1,2), But a number of collective 1+ states witlfi_
K=1 and relatively. large values of B(M1, 0-1)=x~1B sp. does
appear, In that case the main contribution to BM1) conmes from the
single-particle transitions between:the levels of one spherical sub-
shell and sometimes between the levels of spin-orbital partners. The
strength function § . (E ) and the average reduced width k wp in
thlS energy - reglon have second max1ma, although their values are
smaller than those for two-quasi-particle excitations, .It is possible -
to. find suéh states in (n, y) reactions, if' strong ‘Mil-transitions to
- the ground state ar;e observed. ’?[‘he predicted values of ‘i‘m are of

the same order of ‘ma‘gnitude as those measured experimentally for
M1l tran51tlons m 188 /7/ But since these ’transitions are - coming-
from resonance states with spins 3t and a* /8/ a dlrect comparison
of theory with experlment seems to us to be difficult, In connection
with this the most interesting are the investigations of (n,y) feactiohsl'
on .nuiélei, in which the resonances with 'spihé“ 1* or 0% are fbrméd
As one can see from flg.l the contmbutlon to the sum- rule of'
1* states in the energy reglon of 5-8 MeV although being depen—
dent on « but for the phy51ca11y interesting values of « > 003'ﬁw

does not exceed 20% of the total sum, Therefore , the col_lectlve,
" mode associated with the spm—spm interaction (mag,netlc dlpole reso-
nance) is shifted to hlgher energy, X

(111) The theory predicts the most strongly collectivized 1t sta-

tes 'to. appear at energ,les of the order of 10 MeV ( K=0 )\‘ and

13 MeV (K=1). . The structure of some of such states in 70 yp

was given in ref./3/. Tﬁese excitations are mainly -connected with
single—barticle fransitions between levels belonging to' spin-orbital
partnéfjs and situated in the region of diScré_te spectrum, - Therefore,
such collective excitations although lying ih the éhergy'region of
the contmuous spectrum, by their nature are relevant to discrete

spectrum and are con51dered as qua51—statlonary states. The 1"



. states in the energy reg1on in questlon glve the‘) ma1n contrlbuhon to
, the sum rule. With further 1ncrease of the energy, the functlon xn
" remains practlcally constant (see fig.1). Therefore, - one can c1ass1fy
these states ‘as belongmg to the  giant magnet1c dlpcole resonance.l
The number of the states forming the resonance usually is npt Very
" large’ (3-4) and they are concentrated in the energy 1nterva1’ of the,
order-of 1 MeV. The main maxima of the strength’ functions So and“
S, as well as of the average reduced width ky, are also to be
- found in the energy region under consideratidn, In fig. 2,3, the1r be-"
‘haviour as a function of & is shown. In fig,3 the denslty of 17
~states as a function of the energy is also shown, One can see.
_~ that the total density of these excitations remains almost constant
- in_the energy region 5-13 MeV.

The calculated S Ly k and X _ for the other rare-earth

M1
nuc1e1 show the same features as those d1scussed for wsEé .

Recap1tu1atmg the results obtained it is possible- to say that
~the spin-spin interaction in even-even nuclei cons1derably decreases
the strength functlons and average reduced w1dth for M1 tran51t10ns
i for low-lying 1t states and concentrates the strength of M1 :transi-
. tion in the energy region of 10-13 MeV, ‘Therefore, the possibility
of observing a giant M1l resonance in the -capture of slow neutrons/’4/
seems doubtful to us, . It is possible to use eith:er the processes of
 the scattering of fast neutrons or large—"angle)electron scattering
for that purpose, - ' : ‘

In conclusion, the authors express:their gratltude to the mem-
bers of Nuclear Theory Department for useful discussion of this

- work,
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Fig.3. The Tc\“ and the average 1" state density'forwaEr . The .,
significance of the labels 2QP and TDA is the same as in
Fig.2. The solid curve corresponds to the total 17 state den-
snty(K 0 and K=1)."



