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Abstract

The nuclear level structure of &&€°is analyzed taking into account the experimental
information available, with respect to symmetry I8M-3. The level energies, electric
quadrupole reduced transition probability B(E2), gmetic dipole reduced transition
probability B(M1), interband B(EZ2) ratios and mptile mixing ratio$(E2/M1)are compared
with available data. The adopted level schemestlamdanixed symmetry states properties are
discussed in the framework of isospin symmetry.
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Introduction

The Ge element has 32 protons and 40 isotopeswtttron number starting from 29
in GE* with half-life 40 ms. Five of those isotopes ar@bte with an enrichment varied from
7.61%, for G&, to 36.28%, for G¥. The interest of this work is the even-even isetopith
A=64-70, due to the existence of the experimerash do compare with and the restriction of
the bosons space of the model used (no more tt@alaf 7 bosons). For the other isotopes,
in which the neutron number pass mid shell, theohssire counted as the one-half number of
the neutron holes, and this is not accepted imtbdel we used. An interesting feature in Ge
isotopes is that the nucleus with N=Z does nott éxisature, while nuclei with N-Z= 6 to 16
are the most stable.Nuclei in the region of GeaBe@ Kr are situated between both of the
proton and neutron shell-closures of 28 and 50 wate used to consider as being near
spherical, so that their structure may be descriedibrational models, at least in the low
energy region. Many experiments and theoreticaks/overe performed on the nuclei in this
region and found that the low lying level structofethose nuclei is not a simple vibrator [1-
4]. One of the peculiarities is the existence @& tmusually low-lying excited ‘Ostate, just
above and just below the first excitetl 2ate, which can not be understood simply as the 0
member of the two- phonon triplet’ (2" and 4) states. This explained [5] as a rotational
band member built on the excited €tate which coexists with the vibrational band roers
built on the ground state in the same nucleus. défermation in the Germanium nuclei
seems to be true due to the existence of the low yositive and negative parity states of
I =1 and 3 in some isotopes. This means that there éeexistence of spherical and
deformed state in the nuclei in this region supgbtiy the existence of the electric quadruple
moment of the first excited*Xtate. The experimental data from references [Bag] been
taken as evidence of the coexistence of two difteskhapes, vibrational and rotational, and
there is a shape transition between them [8]. ligafon of the even mass Ge isotopes by
means of the interacting boson model with fermiuair pnodel has been done by Hsieh
et.al.[9]. They took NF nucleus as a core for their study and countingpbasimbers and
then assumed that one of the bosons can be brokemt a fermions pair which may occupy
the &/, or g orbital. In this study a suggestion was made, ttrmtomplex shape coexistence
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is in the G& nucleus. More complicity in the structure of theseclei appears when the
reduced transition probabilities were studieds ffound that, in spite of the fact that energies
of 0;,2, and4, in some isotopes support a vibrational charatterB(E2) value and their
ratios do not justify such an interpretation.

In the present work the IBM-3 was used to caleuldte energy levels and other
nuclear properties of Ge isotopes from neutron rem32 to 38.This is a restricted choice,
because this model is relevant to lighter nuclevimch neutron and proton fill the same set
of shell, 2p,, for protons and 24» to 1f;, for neutrons, which is just above the major closed
shell at magic number 28.

The Model Hamiltonian

In the early version of the Interacting Boson Agppmation Model (IBA), or (IBM-1),
were there are no distinction made between praiwh neutron bosons, and number of
bosons taken to be the number of nucleons outbelelosed shell divided by two, and the
most general Hamiltonian written as [10]

H=em,+a,PP+alLL+a,QQ+aTT+a,TT..... (1)
where R is the d-boson number operator, P and Q reprgsaning and quadrupole
operators which are written in the language ebaed quantization (s, &,d’), where s,’s
d, d" are the annihilation and creation operatorsarics d-bosons respectively as

Q=(s'd +d'5)@ + y(d'd)®,P= %(6.& +33) @)

and L and T are given by
L =+10(d'd)® T, =@d'd)V,1 =34
The model space states consistence only the fuityretric F-spin states.
The IBM-2 version [11], which statuses that: fogigen nucleus, the number, ldnd

N, is found by counting neutrons and protons from riearest closed shell. The model
Hamiltonian is

H = gd (ndv + ndn) + K(Qv Qn) +VVV +V1777 + M vIT (3)
wher Q is
Qp :[deSp +SpTd p](Z) +Xp[dedp](2) (4)

The termsV,, and V,, which correspond to interaction between like-bosare
sometimes included in order to improve the fiexperimental energy spectra.

The Majorana terni which contains three parametefs,$, and & may be
written as

M,, = %Ez([sjd; -d/s}1? [s,d, -d,s,1?) - > &([d]d}1%.[d,d,]¥). (5)

k=13
The Majorana term played a great role in producing them\frix elements and the mixed

symmetry states.

In the present work the IBM-3 Hamiltonian has been usgatdduce the energy levels
and the transition matrix elements. This model consideeg tiypes of bosons: proton-proton
boson f), neutron- neutron bosom)( and proton-neutron bosor®.(Thexr, v andd bosons
are the three members of a T=1 triplet and their inclusioreégssary to obtain an isospin
invariant formulation of the IBM. This means that thankiltonian does not depend only on
the total number of boson N, also the isospins T as Wk#. model Hamiltonian is of the
form [12-14]

H:‘gsﬁs+£dﬁd+H21 (6)

where

vrir 1
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H, =5 Y.Cup (@'d) 7.(0) 7 + 5 T By (') ™. (69))
T2

LT

2 A ((s*d*)”z.<6‘s'>m>+i22 D.., ((s'd") ™ (dd) ™)

T

1 ~—
+EZGOT2 ((s"s").(dd)°").
T2

The product of angular momentum and isospin is

LT, ]oo (7)

(b,b,") " (bb,) " = (<)== [(2L, +1)(2T, +1) [(bbe)Lﬂz x (b,b,)
where
t%m,mz = (_1) (Lrmem, =) bI —-m-m,

The symbols 7 and L, represent the two- boson system of the isospth amgular
momentum. The parameters A,B,C,D and G are thebiwey matrix elements and they have
been studied macroscopically by Evans et.al. [T3je parameters,AC,; and G; are similar

to those of Mjorana interaction parametefs, ¢, and &;, in the IBM-2, which have great
effect on shifting the energy of the mixed symmetry statéis iespect with the symmetric
states.The fitting parameters were chosen according to thescogic studied of IBM-3
parameters in reference[15], which shows that the deperdof IBM-3 Hamiltonian on the
isospin (T) value, as well as the boson number (Ns2+The dependence on isospin is more
dramatic than that on the boson number. These param&tershosen according to Table-1.

Table-1. Boson number (N) and isospin (T) of the Gsotopes.

G G G G
N 4 5 6
T 0 1 2

The IBM-3 Hamiltonian contains sixteen parameters, alsipysfunction of T and N,
so it is hard to find the best fit with experimental dattess one has to follow a guide line,
which is in this case the shell model [13].

For the discussion of symmetry of the selected Ge isstdpe Hamiltonian was
written in terms of a linear combination of the Casimiremor. So we can rewrite the
Hamiltonian as[16]:

H casimir = /]Czusd(e) +a, T(T+1)+ a,Cy, 5 T 0:Chq 3 T 05Cx, 5 (8)
a,Co0, 6 T AsCo0,5) T A6Co0, 3 »

where C,, denotes the"horder Casimir operator of algebra G. The IBM Isnitere used to
locate the nuclei under consideration. The groupefficients showed that these nuclei are
more close to the U(5) limits and the transitiomatlei O(6). Thé. parameter determines the
position of the mixed symmetry states as well aslfrstate. The aparameter was fitted to
relative position of0;_,, i.e the shift between the T=0 ground state inZkN G&" and the
first T=2 states. In our case we assumed, tieagtbund state energy ¥7n is equal to that
of the IBM-3 0:_,state in®*Ge. This supported by the following estimation: egtimate the
energy of the isospin analogue to state ifi* Bry considering the binding energy difference of
Ge™* and Zi* and then subtracting the Coulomb energy differefites approximation is
rather crude, because Coulomb energy is sensitiehvdepends on the shape of the nucleus.
By using the data in and the following Coulomb egdormula [17]:
2
21— 076277, ©)

Al/3

E =070

Coulmob —
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we obtained the energy of the T=2 isospin analagat in ZA*to be 6.420 MeV which is
close to the energy oD;_,=6.421MeV in our IBM-3 calculation with&1.070. The
a,(i=1-6) coefficients determined by fitting to the expemtsd, completely symmetric,
ground state band. These coefficients are fixetl vespect to the fitting of the experimental
low isospin states. So the low lying states foréhen Ge isotopes are considered as follows:

H o =—0260C,,_ +107T(T +1) + 0.540C,,  +0.010C,, o +0.010,,_ ¢
0.011C,, o +0.03K 0,
H g =0-0.160C,,_ ¢ +1070T(T +1) + 0.550C,, ¢ + 0.008C,, ¢ +0.020C,q_ ¢
0,01, ) +0.02%,q,
H g = ~0.130C,,_ ¢ +L1070T(T +1) + 0.690C,, ¢ +0.018,, o +0.008C,,_
0.002C,, 5 +0.02C, o,
Hopo = -0.13T,,_ 4 +LO70N(T +1) + 0.220C,, ¢ +0.007C,, o +0.060C,0_ ¢

0.068C,, ) + 0.00C,5 -

Corresponding to these coefficients of the grob@,model parameters used in the present
work are listed in Table-2.

Table-2: The IBM-3 parameters used for calculation®f energy levels and transitions
matrix elements in G&*"°

Nucleus "Ge *Ge %Ge "Ge
€4 —Eoy(P=TTV) 0.844 0.792 0.914 0.533
A (i = 012) -4.780,-1.640, -4.560,-1.860, -4.520,-1.896, -4.420,-1.994,
1.640 1.860 1.896 1.994
C.(i=024 -5.368,-4.948, -5.148,-4.668, -4.836,-4.610, -5.560,-4.282,
io(i = 024)
-4.458 -4.318 -4.316 -4.268
C.,(i = 024) 1.052,1.472, 1.272,1.752, 1.584,1.810, 0.852,2.138,
1.962 2.102 2.104 2.152
Cu(i=13 -2.032,-1.680 -2.152,-1.902 -2.146,-1.936 -2.15342
B.(i = 02) -4.800,1.620 -4.600,1.820 -4.54,1.880 -4.546,1.874
D.(i = 02) 0.000,0.000 0.000,0.000 0.000,0.000 0.000,0.000
G.(i = 02) 0.04472,0.04472 0.08944,0.08944 0.03573500  0.26833,0.26833
a,=B,=a,=5 0.05 0.057 0.055 0.09
9y 0.00 0.00 0.00 0.00
9 1.20 1.20 1.20 1.20
1

Enerqgy levels calculations

The calculated low energy and low spin energy fviglr the even Ge isotopes, are
shown in Figures-1-5 and listed in Table-3 togetiwth the available experimental data,
taken from references [18-21]. A satisfactory agreet for the entire chain of isotopes is
obtained. These isotopes (Z=32) have been chosbrNwiF2 each relative to Z=28 magic
number. The neutron boson,jNumbers goes from 2 to 5, also related to cleted at 28.
Here we notice that all the bosons are particlesthis is one of the reasons which stops the
calculations, in the present work, ‘&Ge. All the energy levels wave function are mixeithw
three kinds of bosong . ands ) spaces.

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Structure of ZD% to 1f% Light Germanium Isotopes in...

Table-3. Experimental [18-21] and Calculated IBM-3energy levels, in (MeV), for
Ge**"isotopes

T Exp Calc. Exp. Calc. Exp. Calc. Exp. Calc.
Energy | Energy | Isospin| Energy] Energy | Isospin| Energy Energil Isospin  Energy Enefgysospin
0, | 0.000 0.000 0.00 0.000 0.000 1.00 0.000 0.000 2.0m000 0.000 3.00
0, 1.215 0.00 1334 1.00 1755 1670 2.00 1.215 71.213.00
03 2.158 0.00 2421 100 2.617 2683 2.00 2.306 22.53.00
04 2.335 0.00 2454 100 3.204 3.132 200 2.880 72.573.00
1, 5.102 1.00 3.003 1.00 3.086 3.191 2.00 3.242 73.2%.00
1 5.543 1.00 3.782 1.00 4.069 2.00 4301 3
13 6.242 1.00 4132 1.00 4837 2.00 4455 3
1, 6.668 1.00 4563 1.00 4972 2.00 5.045 3
2, 0901 0907 0.00 0957 0957 100 1.015 0.995 2.a0039 1.004 3.00
2, 1578 1627 0.00 1647 1776 100 1777 1.889 2.a0707 1.801 3.00
2 2.081 0.00 2185 1.00 2457 2462 2.00 2.157 £.223.00
2 2.753 0.00 2378 1.00 2947 2676 2.00 2535 £.513.00
31 2689 2578 0.00 2495 2754 1.00 2428 2935 2.00451 3.307 3.00
3 5.452 1.00 3.253 1.00 3.401 2.00 3.040 3.366 03.
3 5.893 0.00 3.684 1.00 4279 2.00 4255 3
3 6.086 1.00 4.032 1.00 4.400 2.00 4311 3
4, 2.052 2117 0.00 2173 2126 1.00 2.267 2.183 2.a0153 2.238 3.00
4, 2.154 2858 0.00 2725 2954 1.00 2832 3.103 2.0n805 3.374 3.00
4, 3.243 0.00 3.228 1.00 3.040 3.650 2.00 3.005 09B.5 3.00
4, 3.618 0.00 3.543 1.00 3.186 3.872 2.00 3.190 8.708.00
5 3.716 3.968 0.00 4.031 1.00 4256 2.00 4329 03.
5, 6.082 0.00 4.482 1.00 4.657 2.00 5081 3
53 7.222 1.00 4841 1.00 5.222 2.00 5207 3
54 7.940 1.00 5.263 1.00 5.560 2.00 5476 3
6, 3.406 3.628 0.00 3.504 1.00 3.696 3.565 2.00 3.28®B9 3.00
6, 4.388 0.00 4331 1.00 4508 2.00 4285 3
63 7.136 0.00 4434 1.00 5.030 2.00 5030 3
6,4 7.768 1.00 4914 1.00 5.259 2.00 5219 3

00
00
00

0
00
00

0

00
00
00

00
00
00

Fig.-1 contains the calculated (IBM-3) and the exxpental ground state energy
levels. As one can see from the figure that the eheekll reproduced this band and this
provides no surprise. However, the clear fluctuatid the 6 level about the typical behavior

of the collective energy spectrum as a functiome@itron number could be related to the

noncollective feature of this state specially ndased shell at Z=28 and hear 50. This may
suggest the presence of some admixture of the viwawetion of this state from the two
quasiparticle configuration, or the high spin whiblese states own.
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Figure-1: A comparison between experimental [20, 35and IBM-3 calculated values
of the ground band levels in even G&°isotopes.

Fig.-2 shows what is called tifievibrational band, i.e. energy spaces betweensstate
are equal, but they really are not. Experimentdues are more extreme_than theory.
The0; and 2; states are interesting cases. Their energies dtbppddenly in G&, for both
experimental and the IBM-3 predictions, and tbicontinue falling down in energy for
higher neutron numbers isotope(§en which it is lower than the first excited statethis
isotopes. This mechanism described as the behaf/ke O intruder state, which excited as
(N-1) s boson [22]. Other characters of these state their high energy related to the energy
of 4;. The three state8; ,2;, and 4, suppose to be closed in energy, because they egpres
members of the two phonon triplet states. The gnefgl, is almost twice the energy of the
other, which means that there is more deformatiorthe character of these states. The
prediction of the model is a good agreement witls. tHlowever, the model calculation
according to that push the energy 4 higher, as shown in the figure, in order to getgera
the rotation behaviors of this band. The behaviathe two phonons triplet is shown in Fig.-
3, which shows almost a linear energy dropg)ingw‘se states as a function of mass number.
The O state, after dropping below the in "“Ge, suddenly pushed up higher in energy in
Ge™. The strange position and behavior of this stagevary rare in nuclei, it happened only
in five nuclei in the whole chain of even-even tigzes in the nuclear chart, and they aré’Ge
Zr%9%98and in Ma®,
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Figure-2: A comparison between experimental [20, 35and IBM-3 calculated values
of the quasi-beta band levels in even &&"°isotopes.
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Figure-3: The systematic of experimental values [2@1] of the two phonons-
triplet, 03,25 and 4; , levels in even G¥ "*isotopes.
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Fig.-4 contains the excitation energy of the lswehich are the member of the so
called Gamma-Band. Good agreements between expeahuata and theory for thé @ere
produced. As for the "3we have acceptable agreement for N=32 and 34, thernheory
predicted a high energy for this state. For thé oéshe states we can't compare them due to
the lack of experimental data.

500- EXP. A 5

v 4,

® 3

4 n 2
4.00] 5"

) +
3.004] /:/./.
.0

2.00

Energy (MeV)

1.004
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Figure-4: A comparison between experimental [20, 35and IBM-3 calculated
values of the quasi-gamma band levels in even Gé&°isotopes.

The rest of the levels are listed in Table-3 withiit available experimental values as well.

In order to see the shape coexistence in the @epes one has to calculate the ratios
E,./E, and E./E, and compare with experimental ratios. This comsparcan give
indications of thé nutlear shape. It is well knawat nuclei tend to vary their shape smoothly
from spherical near closed shellE,./E,. = , 20 deformed near the mid shell,
E./E_, =33, and in between the ga%mal soft nuclei. As showfign5, this ratio starts
from 2°277, N=z=32, and decreases to 2.07 fof°Gehich means that the Ge isotopes
change their shape from the gamma-soft to the tama like nuclei. Also we can see that
there is an agreement between experimental datthandodel prediction.

0.00 \ \ \ \ \

30 32 34 36 38 40
Neutron Number

Figure-5: A comparison between experimental valuesf the ratios
E,/E, and E;/E, and the IBM-3 prediction.

Isospin excitation and mixed symmetry states

One of the most important things of the IBM-3 I tprediction of the energy of
isospin excitation states. In the case ofGstope (N=Z=32) for example, T=0 is the lowest
isospin value. The excitation energy from the T¥@ugd states to the first isospin excitation
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T=1 band is well reproduced; where the calculateergy of theO;_, state equals to 5.350
MeV which is close to the energy of the T=1 isospimlogue to ground state in G be
4.756 MeV. Based on isospin analogue state fif, Zhe calculation suggested that the first
isospin excitations energy, J5&tates with T=1 at 5.049 MeV and with [N-1,1] U(6)
labeling. The lowest mixed symmetry stateJi = 2" comes from [N-2,2] partition with
T=0 at 4.629 MeV which is inconsistent witHocdated one given in ref.[13] at 4.6
MeV, but up to now no experimental evidence forhsoenclusions has been discovered. The
first scissor mode state in the s calculated at 5.102 MeV with [N-1,1] partition.

Because IBM-3 has three charge states, for thneks lof boson, it is possible to have
U(6) partitions into three rows, namely the [N1,N3] states which are the characteristic of
IBM-3. We found that such states produced at bigérgy, upwards at about 7.5 MeV, and
the lowest example being a scissor mode at 7Nb6&¥3 which is predominantly the [2, 1, 1]
partition with T = 1 .These suggestions do not kauict the experimental data. In order to
identify the lowest mixed symmetry state in theGéwe analyze the wave function of low
lying 2" states in these nuclei. The main componentienfatave function for2; and 2}
are given as follows, respectively:

2;),, =06155)s,d,) -0.4335's’d, ) - 0308 s’s,5,d,) +|s,s4d, )+ 0377 s%s,52d, )
+0218| 5753, ) ~[$3520,))+ v |

2;)  =-0459s’s,d’d,) - 0.263sd,d?) - 0.388s,s2d’) - 0.393s7s,d’d,, ) - 0.293s]s,d’d,,)

68

+0.1645,5,5,07d,) +|s75,d,,d,))+ 0118 s, 57, d2) ~|s?s,d, d2))+ ..

for Ge® isotope, and

2;),, =-0358¢]s,d,d}) - 0.2215s,s7d; ) + 3294@ ss2d?) +|s)s,d,d, >)+ 0.223s,d2d;")
+0.1808575,d,d3) + oo ,
2;),, =0304s/skd, ) - 0.4800s]s,d,) - 02275s,s}d, ) + 0.2185]s,5,d,,) + 0.158s7dd, )

+ O.llevsﬂsf,dV3> Forrre e :

for G€° isotope.

The wave functions show that tl2¢ state at 2.462 MeV closed to experimental one
at 2.457 MeV is the one d-boson mixed symmetryGi&t®, while the calculated2 at 2.515
MeV closed to experimental one at 2.535 MeV is tre d-boson mixed symmetry state in
Ge’% and the two states generated from the [N-W(8) partition. For the other tates,
large mixed symmetry components are included I dalculate@; state at 3.356 MeV
closed to 3.027 MeV in the experimental dataGe® | 2, state at 3.406 MeV and 3.187
MeV in the IBM-3 and experimental results , respety in GE° (i.e. 2} ) state. Fig.-6
shows the mixed symmetry states, 1;, 3;,, and 4, band members as a function of neutron
number. The agreement between available experimgata and IBM-3 is good despite of
the high energy of these sates. The existencesood experimental data give us opportunity
to test the model prediction in this region.
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Figure-6: A comparison between experimental [20, 35and IBM-3 calculated values
of the mixed symmetry states in even G& °isotopes.

Electromagnetic transition
The electric quadruple transition (E2) operatoths IBM-3, written as [23]
Q=Q°+Q’ (11)

where

o e el
0 - aug b3 s aelera]

where a, and 5,,n=01 have linear combinations with the usual parametdréshe E2
operator[24], proton (& and neutron (& effective charges, in the IBM-2. This can betteri
as:

€ =0a, *ta, exX, =5 +pB

e, =4a,*a, eX.=5 — B

Since we have third kind of boso8) (vith T=1 in this model (IBM-3), we should creaia
effective charge (, which can be related to the model parameters as:

€5 =y, &Xs =5

The M1 transition is also a one boson operatdn &t isoscalar and isovector parts:
M=M°+M1, (14)
where
M = g,+/3(d"d)" = g,L/~/10

M 1_ gl\/E(dTa)ll,
where L is the angular momentum operator andrgl g are the isovector and isoscalar g-
factor respectively, and these also can be relatélae g-factors of the IBM-2 as:

1 1 1
g, = \/1:0(90 + gl)’ 9, = \/1:0(90 - gl) g5 = \/1:090 (15)

After determining the possible best energy leitelof the experimental data, one can
use the energy wave function to calculate the reduelectromagnetic transition matrix
elements. For the E2 transitions four parameteve tabe modifiedga, and S, n=101, in
order to fit the measureB(E2;2 - 0;)) values. It has been found '[ha]; B, =a, =4
for each isotope under study, and thls reducegdnemeters to one. The estlmated values of
these parameters are shown in Table-2. The efmagnetic properties of the collective
bands in thepf shells, and in particular the E2 transitions gjties for the inband transitions,

(12)

(13)
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give quite useful information about the microscogtizicture of the collective states. Both the
experimental and calculated B(E2) values fof‘Ggisotopes are listed in Table-4. As one
can see from that the overall trend is reproducell by the IBM-3 calculations. In the case
of G&”, the experimental data for the electromagnetinsitians do not exist, to compare
with the model prediction. But most of values comwsdhe same trend with the values of the
other isotopes, which increase with the neutromabrer. We have a very good agreement for
trapsitions connect state in the ground band. Scaddulated value for transitio®, — 0; in
Ge™ [B(E2)=0.0016x1T €&b?’] and G&° [B(E2)=0.017x1C €b? this is in good agreement
with experimental values. But in the case of{the B(E2) value is 0.0300xT@b” without
experimental value, whil8(E2;2; - 0;) =0.023x1 €b?, which is in disagreement _with
the large predicted value by the mod®E2;2; — 0;)=1.23 éb? the same case with Ge
This encourages the suggestion that, there iscd@ge betweer; and 2; states, in the
energy of the levels and; is not a band head of the collective beta bane. relative to the
B(E2;2 - 0;) ratios are also calculated and listed in Tabtedgether with experimental
values. A small ratio for transitions from the seg¢@ gives a second indication that this state
is a band head of a quagi band. The ratio for transitions from thé, 4gree well with
experimental ratio. However, in all cases where B(E2) value, in the nominator, is very
small we expect to get a substantial disagreement.

To produce M1 matrix elements, the isoscalgfagtor is taken to be zero, for all
isotopes, and the isovector factqrig taken to be 1.2 for all isotopes. The valuethefM1
reduced transitions probability are listed in Tathlas wisell. We can see from the table that,
when the experimental value is small the modelgygero M1 matrix elements, which means
that, the model assumed the state is purely symumetthe boson space.

The theoreticald((EZ/ Ml) mixing ratios were calculated according to thdofwing
relation.[25]:
(f ||E2||i> in eb

(fImMli) ing,
The calculated reduced mixing ratios for band sings transitions are compared with
available experimental ones. The model gives zatoes for M1 transition matrix elements,
in most of transitions with =1, which makes difficult to calculate the mixing icat
However the model predicts the sign of mixing ratorectly.

(16)

3. (E2/M1)=0.835E, inMeV)

Table-4: Experimental [18-21] and calculated B(E2)%0? in €b? B(M1)x1072 in
N2 and the mixing ratio 5(E2/M1)for G®*"isotopes.

B
B(E2) B(M1) 5(E2/ M 1)

Jr - J7 Exp. Calc. Exp. Calc. Exp. Calc.
2, - 0] 0.901:

2, - 0 0.001¢

2; - 0 0.00(

2, - 2/ 1.392¢ 0.000(

2; - 2] 0.0000 0.000(

2; > 2, 0.342 0.000¢

1 - 0f 0.000¢

1 - 2] 0.000¢ 0.000(

L - 2; 0.000¢

3 - 2/ 0.001¢ 0.000(

3 -2 1.030: 0.000¢
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3 -1
4r . 27 1.394:
5 -3/ 0.525(
6, - 4, 1.442¢
[Ge
2, - 0 1.89(36 1.797
2, - 0] 001£°% 0.017:
2; - 0] 0.0001 0.000:
2, - 2] 281011 2.985: 0.77(35  0.000 -3.5"
27 - 2 0.006 0.000(
1 - 0] 0.4397
1 -2 0.888¢ 0000(
1 -2 0.114: 16.74¢ +0.41(
3 -2 0.0263 0.000(
3 -2 2.493¢ 0.000(
3 -
4 - 27 Y15 2.489:
5 - 3 1.759(
6, - 4; 3.529¢
[Ge™M
2 -0 29(3) 2.9235
2, - 0; 0.0300
2, - 0, 00234 1.230(
2, — 2, 0.08@3 4.967: 1.43(25  0.000( -0.2(0.1)
2, - 2 0.201¢ 13.780( +0.07
2, - 2, 0.074: 0.000(
1L - 0] 0.075¢
L -2 1.206¢ 0.000(
L -2 0.120: 19.273: + 0.049
3] - 2; 0003013  0.004: 0.18(7, 0.000( 0.16(2)
3] - 2, 0.0€3(43 4.311 5.0(2.0  0.000C -0.2(0.3)
CH
1 - 2{ 22930 4.968:
5 -3 3.257
6, - 4, 6.079¢
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[Ge”
4 -0 36(4) 3.1083
2, - 0/ 0.064(
2; - 0/ 1.193
2, - 27 4970189 0.410¢ 0.47(27  0.000C -5.0(3.0
2; - 27 3.794¢ 0.000¢
2; - 2, 4.469¢ 0.000(
1L - 0 2.1323
1L - 2 2.357¢ 0.000¢
L - 2 0.416¢ 0.000¢
3 -2 2.261¢ 0.000¢
3 -2 0.478¢ 0.000¢
3 -1
47 - 27 41111 4.038¢
55 - 3 3.839:
6, - 47 5.957:

Table-5: B(E2) ratios relative to the B(E2;2—0;) transition for selected transitions in
even Gé&*"Yisotopes

N —3 i (L . Ga” [
A e e G

BEYT, =)

.'." |":: 8) (IR .+ | LT fh i I¥7 i

|"II"_'-II |

BESD | L347d =03 [ IRS6 [F TR T I

BEIY =)

.'-!|.|- 13 1 CLUOER]  ALINORG (DG - (L4ZID 0.3
Conclusions

The nuclear structure of nuclei in region, whemimum binding energy, leads to an
increased the knowledge of properties of the nscline new version of the interacting
boson models, IBM-3, produced a satisfactory agesgmwith experimental results, so the
IBM-3 is preferable to IBM-2 in lighter nuclei bacse it ensure re good isospin quantum
number. Shape coexistence froms(%}@ Gé€2 has been confirmed, and the existence of the
introdure excited Ostate in G&, G&° and G&.

From the calculated binding energies and the nimethenergy levels, we represent
electromagnetic properties of those nuclei, theperties of the 12" and 3 mixed symmetry
states are well produced as well. However a de#ngonclusion required more experimental
information about these nuclei and the model neebet extended to find monopole matrix
elements which is essential for the nuclear shape.
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