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In refs,/1’2/ the operator form of the wave function of
a highly excited state is suggested. In refs./1'5/ the reduced
neutron, radiative and alpha widths are expressed in terms of
the coefficients of the wave functions of highly excited
states. In refs./4'5/ the neutron resonance structure is ana-
lysed on the basis of the proposed formalism and some estimates
are obtained for the few-quasiparticle components of the wave
fﬁnctions of neutron resonances.

The present paper is devoted to the calculation of the
magnetic moments of the highly excited states of spherical
and deformed nuclei and the estimation of their magnitude.

The magnétic moment of a spherical nucleus in the state
with spin I is connected with the diagonal matrix element of

the dipole magnetic transition operator as follows
% _
-(Z) 1(?{’1TM/77?/M/}/Y/I”M>/M=I . €3

The operatqr of the dipole magnetic moment in a quasi-
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particle representation is of the form’
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are the Bogolubov transformation coefficients,
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.O(fm is the gquasiparticle creation operator, </1/F(ﬂf)//;>
are the single-particle matrix element.:s the explicit form
of which is given in ref.”®/, YT is the wave function
of a highly excited state.
As an example, we give the expression for the wave func-
tion of the highly excited state of an even-even épherical

nucleus with spin I, spin projection M and parity ir s
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A is the number of the resonance. The index t=/ in-
dicates the neutron, and {=p - the proton systems. The
summation %T;r: ., implies that the terms Je=fh =M,
are absent and that E(/;) <E(/z) « By % we denote the
product of guasiparticle phonon vacua for the neutron and
proton systems., The coefficients b'\ define the contri-
bution of the appropriate quasiparticle component., They may

be written as
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+
o ; is the pairing-vibration phonon operator. A detailed

discussion of the form of the wave f\mctlon is made in refs/ -5/
where there are also the expression for the wave functlons ]
of odd and odd-odd nuclei.
The calculations have given the following expression
for the magnetic moment of the highly excited state of an

even-even spherical nucleus:
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In the case of the W odd spherical nucleus the magnetic
moment of a highly excited state with spin I and paritfr Vs
is of the form -
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A similar expression is obtained for the magnetic moment

Here

of the highly excited state of an odd-odd spherical nucleus.

We calculate the magnetic moments of deformed nuclei.
T\he expxression for the dipole magnetic transition operator/ 6/
is to be transformed to the nucleaf coordinate sysfem. For
highly excited states the projection of the total é.n_gular
momentum on the symmétry axis K is not a good quantum mim—
ber and the wave function is a superposition of terms with
different K values. The symmetrized wave function

for the deformed nucleus is written a.s/ 5/
V{24 Zdi ) Bt B K,

vhere @,2,-/( are the well-knovn functions’ 7/, The coetfici-
ents df‘([ take into account the fact that the com-
ronents with different K values give different contribu-
tion to the wave function. The quantity %( 174 F) . 'is the
inherent wave function with definite values of K end pa~- '
rity T , and Y (-4") is obtained from 'y{(u’? by means

of the time reversal operation.



As an example, we give the expression for y/,\ﬂ £7)
in the case of the odd 4~ deformed nucleus:
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The set of quantum numbers defming the smgle—partlcle state
is denoted by ( )-)GJ) for the neutron, ( (42 ) the proton
and (77) fdr both the-.‘ systetﬁs. The summation in (9) over
G7 4 U;...is performed in such a manner that the condi-

tions
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are valid, For the functions }V; k%) , the conditions
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should be fulfilled, instead of (10).
. The operators of pairing vibration phonons Q; ( ¢) ) 5) f’z,yg )
are determined in refs. /145, 6/. The wave function (9) is nor-

malized as follows:
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From the normalization condition of the wave function (8),

the orthogonality of ﬂ functions and eq.(II) we get

(% )Y (M) <1=5 14l (12)

~ Using (8) and (9) for the magnetic moment of the
highly excited state of an odd .4~ deformed nucleus we ob-
tain the following expression:
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In those terms in which there is no summation over U~ the
quantity (¢ = +1 is determined from the condition (10).

* / (+)
The terms containing b_,TA“,T(f*//’ul/)/?') Z;;', differ from

zero, provided that Ay?ky'<f and 0z K7, +73 Kp =0

The terms containing b,*k//‘é“-l” SoHir(aus)fes> Z//(:a}',

differ from zero, provided that Kg*+K7'=7  and Ky~ % .
For the magnetic moment of the highly excited state

of an even-even deformed nucleus we derive the following -

expression:
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The contribution to the formulas for the magnetic mo-
ments is seen to come from all the 'components ‘of the wave
functions of h:l.ghly excited states. Let us estimate, for examp-
le, the magnitude of the magnetic moment of the highly excited
state of an odd spherical nucleus. To this end, in eq. (?7) as-
sum.mg the smgle-partlcle matrix elements to be J.dentJ.cal

we take them out of the sign of summation. We put /j / J
(/
/,;l =1 and reject the terms containing w75 /7 « Taking
3Ive~/j I T 1
into account the fact that (2J+/)(-) /l/{/} 7
we obtain an approxlmate Value for the magnetic moment in

the form H
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Using the normalization condition for the wave function of
the highly excited state of an 6dd 4~ spherical nucleus, we
can write the expression in braces in the forq 1+ 5_ .
where E;- is a small addition containing the ratio of the
prptoﬁ and neutron single-particle matrix elements multiplied
by the squared coefficients of the correspbnding wave function
components which are estimated to be small. The term standing
in front of the braces gives the well-known Schmidt lines._

Similar estimates can eaéily be obtained for the magne-
tic moments of even-even and odd-odd nuclei. In the case of
the even-even nucleus the magnetic moment of A highly excited
state is approximately equal to the magnetic moment of a two-'
quasiparticle state. Thus, the magnetic moments of highly ex-
cited states must be equal, in the order of magnitude, to
the magnetic moments of low-lying states. »

In réf./e/ it is reported on the measurement of thg mag-
netic moments of two neutron resonances in 168Er. The magne-
tic moment of the resonance with é:‘Bn 0.460 eV and

l T = 4% ig M= =(~0.45 + O, 74),do and the resonance with
E-B,=0.584 eV and 1" = 3* 1s (5.9 + 1.2) Mo o where

/Ua is the nuclear magneton. The measurement of the magne-

12



tic moments of these resonances is also performed in ref./9/
where it is.obtained for the resonance with (f—B,, =0.460 eV

A =(0.9 + 0.4) Uo for the resonance & =f, =0.584 eV

M =(I.8 + 0.9)/ﬂb . These experimental data are in dis-
agreement with each other, however, the values of the magne-
tic moments in both measurements coincide, in the order of

" magnitude, with the magnetic moments of two-quasiparticle
states, The magnetic moment of the ground state of 167Er
with 7/2% 7/2 633t is = -0.564 4o . These experimen-
tal data confirm our conclusion on the magnitude of the mag-
netic moments of highly excited states.

The situation with the magnetic moments of highly excited
states differs in principle from the situation with the ra-
diative widths. The matrix elements for the £\ and AMA
transitions from highly excited states to low-lying states
of spherical and deformed nuclei are given in refs./ﬂ’a/and

/445/

analysed in refs. . It follows from the experimental data
on the reduced partial widths for E:f transitions from

neutron resonances that these transitions are hindered by

a factor of 105 - 107 compared with the one-particle values.
In ref./s/, on the basis of the experimental data on E{
transitions to the ground and low-lying states, one has ob~
tgined the following estimates for the single- and two-quasi-
particle components /571 of the wgve functions of neutron

resonances:

13



a. for the region of the isotopes Ck'-JV?‘ZQ /5/%‘/0_f
b. for nuclei in the region V410'~JZ /'Z?-/z"’/o-“'/O-,'7
c. for deformed nuclei /572*'/0.5

‘d. for nuclei in the region 4 = 200 A§Y{~/0—Z/D-f

These estimates are rather rough, but in the order of magni-
" tude, they coincide with the /5/1 estimates obtained from
the average neutron widths. . ;

Thus, the £) and A/A tremsitions from highly excited
to low-lying states involve one-quasiparticle and three-qua-
siparticle (in the case of odd nuclei) or two-quasiparticle
and four—quasiparticle (in the case of even nuclei) components
of the wave functions of highly excited states. Because the
values of these combonents are small, the reduced probabili-
ties of EA and ﬂ/\ transitions from highly excited states
are smaller by several orders of magnitude compared with the
one~particle values. The expressions for the magnetic moments
contain all the components of the appropriate wave functions.
Therefofe, the magnetic moments of neutron resonances and of
states of intermediate excitation energy must coincide, in
the order of magnitude, with the magnetic moments of the ground

and low~lying states of atomic nuclel,
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Conoepes B,l., BopoHos B.B, E4 - 6487

MarsuTasle MOMEHTHl BBICOKOBO3GYXASHHBIX COCTOSHHHA aTOMHBIX
anep

Ha ocHoBe NOnyMHKpPOCOKIHYECKOro noaxoda HomyueHs! GOpMyJbl Aad Mar+
HHTHBIX MOMEHTOB BHICOKOBO3OyxNeHHLIX cocTosHuil, [lokasano, 4TO MarsHuTHBIE
MOMEHTH! BBHIpax(eHbl Heped BCe KOMIIOHEHTH! BOJHOBEIX ¢YHKUWH BBICOKOBO3GY K-
OeHHBIX cocTosuil, CornacHo rpy6oil oneHke BeIMYHHBI MATHHTHBIX MOMEHTOB
COCTOSHKE MPOMEXYTOuHO/ 3Hepruu po36GYXAEHHS H BLICOKOBO3GYXOEHHHIX CO—
cTosiHMit, BKAOMAA M HeATpOHHbBIE PE30OHAHCH], IO NOPAAKY BeNIHYHHEl AOMKHBI
6 BITE paBHBl OQHOYACTHYHHIM 3HAUEeHUsIM, TeopeTHueCkue pe3ylbTATH coriacy-
I0TCS C HMEIMEMHCS 9KCIepHUMEHTAIbHBIMHE AAHHBIMH IO MATHHTHHIM MOMEHTaM
HeHTPOHHBIX pe30HaHCOB,

TMpenpunt O6LeMMHEHHOrO MHCTHTYTAa SHEPHHIX MCCJefoBaHui.
Jy6ra, 1972

Soloviev V.G., Voronov V.V. E4 - 6487

Magnetic Moments of the Highly Excited States
of Atomic Nuclei
Formulas for the magnetic moments of the highly excits
ed states of ratomic nuclei are derived on the basis of the
semimicroscopic approach. It is shown that the magnetic
moments are expressed in terms of all the components of the
wave functions of highly excited states. According to a
rough estimation, the magnetic moments of intermediate
excitation states and highly excited states, including
neutron resonances, must be equal, in the order of magni-
tude, to the single-particle values. The situation with
the magnetic moments differs essentially from that with
the probabilities of the El and M1 transitions from high-
ly excited to low-lying states which are smaller than the
single particle values by a factor of 10°-10°. The theore-
tical results are in agreement with the available experi-
mental data on the magnetic moments of neutron resonances.
Preprint. Joint Institute for Nuclear Research.
Dubna, 1972




