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Calculations of Low-Lying Collective Excitation Energies
in 1¥8Yb at High Angular Momenta

The excitation energy of the lowest I-odd states in 168Yb

is calculated in a wide range of spins (I) by using the microscopic
model suggested earlier by two of the authors (D.J, and LM.). This
-family of states has close relation to the y-vibrational states at
low spins and to the one-phonon precessional excitations when I
is large.

The investigation has been performed at the Laboratory
of Theoretical Pnysics, JINR.
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Experimental data and theoretical estimates show
that the angular momenta of nuclear states whose
structure may be investigated by the y-spfectros/c‘l:;»-
py methods may reach as much as 1., =80 Tl.OOh .
Many interesting effects are predicted theoretically
in the region of high spins. The cl.nanges. of a sta-
tionary nuclear sh7pe with increasing spin Yvas
studied in r'efs./g—5 .Such investigations predict
that at I 220+ 40 most of nuclei lose axial symmetry
and that the quadrupole deformation parameters ¢
and y are complicated functions of spin. The momen-
tum distribution of nuclear matter is also expected
to change with spin leading to formation of yrast
traps/ 1/ and to retardation of the intraband E2-tran-
sitions/9/ ,

These theoretical predictions may be tested
studying the spectra of low-lyin collt.active excita—
tions at high spins. Mottelson /" considered a pos-
sibility to find in the nuclear spectra .at larg.e I the
states typical for precessing three-axial boc'iles._ In
an even-even nucleus the precessional moflon is
expected to generate the states with energies

EQn=E_ (D +ha(D-20 (1.2)
when 1 is even and

E(LD) = E (D +ha D)2 + 1) (1)



whenl is odd. Here Eyr(I) is a smooth function of

I and n=0,12,..<<I, The energies of yrast states are

given by (1.a) atn=0 , The excitation energy of
the precessional phonon ho() is /8
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where f]x> 5y>ﬂz are the three principal inertia
moments,

In refs,/9:10.1Y  the excited states of rotating
nuclei are treated microscopically by using the
Hamiltonian H with schematic pairing plus quadru-
pole interactions. The technique of RPA is used
for the, "intrinsic" Hamiltonian H=H -7J 2/23,‘,
where J is the angular momentum operator in the
laboratory frame and the inertia parameter 9y is
found from the condition that the rotational energy
is excluded from the RPA image of H, For the
part of the energy Ey, (D) in eqgs. (1) the expressions
analogous to those of the HE'B+cranking model are
obtained in the following form:

Ep = <t/flI;| o>,

(3)

\/—I(I+ ) = Jx = <l/ll';xilr/}>1

where |[¢> is a deformed HFB vacuum state with
respect to the quasiparticle operators a;, a~ |, The
states i and i transform differently when rotated
through the angle » around the X-axis. They corres-

pond to the creation operators

. ; | ()

= X (A.i_c+_+ Blc ),
i a a a a

a

where c+, C (c: c-) are the creation and dest-
a a ! ’

ruction operators for nucleons in the bas:)c st;:ates,
. i i i the Bogolubov trans-

and A, , B , ,AE , B} are the =1

formation coefficients, )

For the excitation energy of sta.tes with the
symmetry of the one-phonon excitations c?f 9;’(()9/ces-
sional motion an expression is obtained in
which is analogous to eq.(2). A simple transforma-
tion of eq.(8) in ref/1¥ gives

j %

<J? r (ﬂ ' f]y(w(_))(s - SZ ((D(_))) — ] )

t—)_ x h ~ )( X 7_02 )
Ilo)d o (2SS X—5 -, (5
g2
In the Hamiltonian H and in eq.(5) the ‘i/nertia para~
meter §. may be found from the equation
X

-1 d°E() Q. ()

35 = o a e
The explicit expressions for tkge quantities g . (716/3
and S, ) are given is ref./1% (see eq. (9) in

In tk(ns paper we present the results of calcula-
tions of the quadrupole deformat.ion paran}eters, the
lowest two-quas i-particle excitation v.anergles (E ikd'f ,
E7; ) and also the function hw(_)(l) in eq.(1) at if-
fe;'ent I. The calculations are performed for the iso-

168y, .

topeThe, quasiparticle energies E; ,Ey .and the d\.rec—-
tors (A1 . Bla) , (A&‘- , B(; ) are dgtern}lned by diago-
nalizinga the rotating Nilsson Hamiltonian plus mono-

hew

" pole pairing, That is, we solve numerically the equa-

tions
( | Y. )
_ « X A8 _ A
(ea B )‘)aaﬁ QJaa aaﬂ af3 a a
-E,
AS_ (~e_+x)5-§ Mjf_az_ﬁ. B- - LB;_
a a a a a
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where e, ' are the single particle energies corres-
pornding to the Nilsson Hamiltonian, A and A are
the chemical potential and the gap parameter and

! is the angular frequency of rotation related to
the spin by an equation 1 = VIA + 1) = <yl glg>. The
basic states a, a are taken as the states in the
Nilsson potential with the x-axis being the quan-
tization axis, assuming J le> = m |e> (N-m - 4% -

even number) and |a>=Tle> (T being the time re—
version). The following relations hold /11-13

A'-p',, Al - Bl E-E_. (8)
a

The standard parameters for the single particle
Hamiltonian are used (set " A =165" in ref,/1 Yand
the pairing strength [g = (19.2+7.4x N(Z)/A)/A MeV])..
Axial and nonaxial deformations are taken into ac-
count, All the shells up to N=7 are included in the
calculations, The summation in HFB equations runs
over 2/15Z(N) lowest quasiparticle states, The
equilibrium deformation parameters &y are deter-
mined by minimizing the energy

EE, y) = ELD+ oE strut
which includes the rotated liquid drop component
(E; Jand the shell-correction OB strui=Eype ~Eguy -
The calculations are performed for 10 different va-
lues of @ in the interval from 0.05 to 0.7 MeV,

The solution to eqgs. (3), (5), (6) is found by
using the energies E; and vectors (Ala.Bdi-) in eq.(?)
calculated at the equilibrium values of € vy, A
and A . The quantity 4, is calculated approximating
eq. (6) by the formula

g, @)=L - ——1 (9

Fig.l, The equilibrium quadrupole deformation
in 168Yb at different spins. The values of spin
corresponding to the caldulated points are in-
dicated in the plot,

Figure 1 shows the equilibrium deformations in
188Yb for different spins (in the plot the convention
of ref, /4/ is used for y ). At © 5 0.3 MeV these
results can be compared to the calculations in
refs./ 4,13/ . All calculations predict similar changes
with spin in the shape parameters: the nonaxial de-
formation developes as is expected in the body
with the moments of inertia deperding on y accord-
ing to the hydrodynamic model; some stretching
takes place for low spins but gives way to the
opposite tendency at somewhat higher gpins. At



still higher spins corresponding to (> O..3 MeV the
nonaxiality angle y changes sign showing that th.e
inertia properties are close hef'e to th?se of a ri-
gid body. The stretching is qu‘lte prominent here .
again, Concerning the description of the energy o
yrast states shown in Fig.2 one may say that at

E (Mev]

fr2 ——— N(VO‘O“’
JEX tneutron)
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: )
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Fig,2. Lowest two—quasnpar'tlcle.energles ik
functions of spin and the experimental (1) and Y(i)al-
culated (2) energies of the yrast states in .

I < 12 the agreement between theory and experi-

me_nt is quite good, At larger spins the model

overestimates the nonadiabatic effects, The calcu-~

lated moment of inertia 0=<Jx>/Q increases much
i i data /4

faster than derived from the experimental

Similar results are reported elsewhere (see, e.8.,

ref, / 412/ ). The lowest two—quasiparticle energies

E(i_k)= min{E ;, ,E i_l:! for protons and neutrons lie at
about 1 MeV or higher at I £ 20 , The neutron two-
quasiparticle energies remain large at much higher
spins. No other regularities are evident for the two-
quasiparticle energies when A=0Q ,

In Figure 3 the estimates for the excitation
energy of the lowest states with odd values of I
are given (i.e., for the function he in eq. (1)). The
solid line with crosses is obtained using eq.(2) with
the rigid body moments of inertia, The same formula
for ho with the moments of inertia calculated micro-
scopically gives different results (the solid line with
triangles). The values of dy,2. are found by using
the cranking formula and @ =<I >/ stands inthese
calculations for { .

The lowest solutions to eq. (5) at the nine va-
lues of I, corresponding to rotational 'frequencies in
the interval 0.14 < Q@ < 0,7 MeV are indicated in
Fig.3 by circles connected by the broken line. At
low spins hm(_) lies well below the two-quasiparticle
states and represents a collectivized mode of ex-
citation, When 1> 30 in vicinity of the first root of
eq.(5) there are sevéraltwo—quasiparticle states and
eq.(5) may have more than one solution with compa-
rable hw(_) . For example, at 1=40 the two lowest
roots are hw(_)= 64 kev, hw(_)=223 keV. The collec-
tivity of different modes may be studied by calcu-
lating the intraband B(E2) factors., Such calculations

are in progress, /10/
As is proved in ref, h“’(—)“’h“’y when Q-0
hw, being the excitation energy of the y ~vibra-

tional band-head state. The extrapolation of the
known energies of the 3* and 5° y —vibrational
states is represented in Fig.3 by the line with open
squares, In the extrapolation we use the formula

: odd ¥ '
hmy(I) = (Ey O - .Eyr D) = 910.3- 1.1- I + 1.
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Fig.3. Estimates of the excitation energy of the
lowest states with odd I-values in the nucleus 1€8Yb.
The explanation is given in the text.

As is seen in Fig.3, the results of microscopic
calculations are rather close to the latter formula
when <1l

In the interval 15 < 1 < 50 the predictions of
the adiabatic formula (2) with the microscopically
calculated moments of inertia are close to solutions
of eq. (5). At higher spins the three estimates for

hw(_) described above are rather different from

i0

2

each other. In particular, no tendency is seen for
how ) from eq.(5) to come close to the predictions
of %he adiabatic formula with the rigid-body moments
of inertia,

On tlf;? ‘basis of a formal analysis given in
r'efs./ 10,1 and of the numerical calculations repor-
ted here the following tentative conclusions might be
drawn:

i) The position of low-lying states of even defor-
med nuclei with odd values of I and positive parity
depends strongly on the shape and inertia proper-
ties of nuclei. Thus, the investigation of these states
may yield a valuable information on nuclear structure
and models.

ii) The spin dependence of excitation energy of
such states may be understood qualitatively from
their relation to the precessional motion at large
values of T and to the y=vibrational states when I
is small.

iii) Equation (2) derived from the three-axial rigid
rotator model may lead to substantial errors in esti-
mation of the excitation energy of precessional sta-
tes.
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