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ABSTRACT

In the present work, the interacting boson mod@Md)) was used

in the calculation of the energy levels as a fuorcbf angular momentum
E(L) for some even-even deformed nuclei. The caled results are
compared with the available experimental data &eg found to be in a
good agreement, especially at low-lying states,laviat high angular
momentum, some theoretical values are somehowrldrge experimental.
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INTRODUCTION

Nuclear transmutations are strongly affected by #egular

momentum of the initial and final systems becattsey have to satisfy the
angular momentum conservation law, and this allowterminations of
angular momentum (L) in some cases [n the absence of any detailed

knowledge of the nuclear force and nuclear strectunany theoretical
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descriptions of nuclei have been centered on “muakodels” [].One of
them is the interacting boson model (IBM).

The interacting boson model (IBM- was proposed, early by
Feshbach I., and lachello P.A{¢Y)[Y], and it was developed after that by
Arima A., and lachello F.\QV¢)[¢]. Dukelsky J.,and Pittels S. study the
exact solution for interacting boson model with ulspre pairing and
shows a new and unexpected mechanism for sd dooargn

The (IBM-)) is suitable for describing the collective struetwof
even — even medium and heavy deformed nutjeilhey assumed that the
shell model reveals that the low — lying collectstate of such nuclei arises
from interacting nucleon pairs coupled with angutemmentum L = or ¥
(called s and d) bosons with energigs, g4 respectively, the energy
difference of s and d bosons is equalite s whereeg is almost Zero¥,A].

The (IBM) is rooted in the spherical shell modedageometrical
collective model of atomic nucleusi][ and based on the following
assumptions:

-The pairs of active nuclear particles or holesr mbased shells are treated
as 'bosons" i.e. pairs of fermions[*].

-This model depends on the total number of boshihs (
Where N=N+N,

N =number of proton boson,,Nnumber of neutron boson Y]

-The multitude of shell which appears in the shadldel is reduced to the
simple s-shell (L=) and d-shell (L*) only, which are composed
vectorially by s and d bosons analogously to thedl shodel techniqué].
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There are four versions of the (IBM) ,called IBWFY andt.In this paper
the researchers are concerned with version ona@oftodel i.elBM-".

This version does not distinguish between neutr@hpaoton bosons.

THEORETICAL PART

1. The Hamiltonian operator in (IBM-?)
The most commonly used form of IBMHamiltonian is {]:
H =0A, +a,(P".P) +a,(LL) +8,(QQ) +a,(T,T,) +a,(T, T,).........Q)

Where :

= (d d) d-bosons number operator
|f\) =1/ 2(5 a) -1/ 2(%‘%) pairing operator
E =1 [a 3] ) angular momentum operator
E=',\,...i (2)

‘/j[a’rxg](z)

guadrupole moment operator

= 3
xd ]( ) octupole operator

T4 = [d x d ] (4) hexadecapole operator

and g@,.....a are the strengths @b,L,Q,T,,T,) interacting between bosons

respectively.
The s(L=) and d(L=) bosons can be described in termsuwfitary

group” in 1-components called U}, and the different reductions of Y(

leads to three dynamical symmetries’ end in O().
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The analysis of U{) as below Y]:
VU (5) O O(5) |

U (6) 0 U (3) 003 O00O(2)
O(6) O O(5)

RESULTSAND DISCUSSION

The reduced Hamiltonian of chain(fi ®)after the parameters, a

and a are vanished can be written a§ [
HO =0f, +a,L2 +a, T2 +@, T2 ceeeeeeeeeeeeereneeesimes e (4)

The SU{) dynamical symmetry(chain Il) occurs wherever the
guadrupole-quadrupole interacting between bosons @ominating,

O=a, =a, =a, =0. The general reduced Hamiltonian of this chairYj§][

H® =202 +2,Q% .. e eeeee s ome e (5)
While the reduced Hamiltonian of chain Il Mg
H" =a,(P".P)+a,(L.L) +a,(T5.To) oo eeeeeeeecremre e (6)

Table () shows the corresponding parameters obtainedtindtibest
fitting from equations X),(¢)and@)according to dynamical symmetry of

chosen nuclei.
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Table (!): The parameters values of Hamiltonian operator for some

even-even nuclei.

The parameters of IBM-Hamiltonian in the multipole expansion
have been fixed by fits to the energy levels ofegkpental values for low
spin. These parameters have been shown in tgate{ used to calculate
the values of energy levels and find the energgsitens of even parity
states for each chosen nuclei .

The energy bands arrangemerfifg, and the presence of their
appearance is one of specific features ,which aesl uo classified the
nuclear behavior of each selected nuclei .

The general known arrangement is the appearancandj-lwith
sequence @, 2 ,4;,...)p3-band (;,2;,4;,...) andy-band @;,3,4;,5;,...)
(i.e 0; is below?2}). In this case the dynamical symmetry is eithe(*3dr
SU(°) as in*)Gd,, nucleus , which is belonging to SUSU(®) dynamical
symmetry, whereas in case @fband appearance befofeband (i.e2; is
below 0;) this means occurrence ofbfeaking symmetry" to which, the

nucleus belongs to it, In other words, if the statecomes before; the
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dynamical symmetry is Of. This breaking symmetry shows if:Pd,,
,and %W, nuclei ,leading to appearance @funstable band , within the
general behavior SUJ for YW, ,and SU¢) for “<Pd,,. In this case the

term of(P".P) in Hamiltonian equations') and (), which is belonging to
the dynamical symmetry Q) is the dominated.

We classified the selected nuclei according to abdands
arrangement (ground, beta, gamma-bands). Theses lmrdtabulated in
table("). This table shows the energy levels E(L) for eeabsen nuclei in
comparison with available experimental data .Th@garison shows quite
well agreement in most of them at low angular mawmnen . This
comparison can be shown more clearly in figutess(¢).

These figures show the comparison between the lastcu|BM-)
energy spectrum (pw) of even-parity levels with ikade experimental
results for /Se,,, %Pdy, , ‘oGd,, , W, belonging to the dynamical
symmetries SW)-O(1)-SU(Y), O(C)-SUE), SU()-SU(e),SUM)-0O(F)
respectively .. From these figures we can see \teat good reasonable
agreement between the values of energy ground (gfditand) of sequence
(o7, 2f, 47,...) and their experimental state best than dihads.

In fact table () and figures (— ¢) show that the SU{, SU{), O(")-
Hamiltonian give a very reasonable descriptiorhefénergy spectrum for

all chosen nuclei.
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Table(r): Thecomparison between the experimental and theoretical
(pw) energy bands(g, g,y)in (MeV) for the chosen even-even nuclei

using (I1BM-Y).
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