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ABSTRACT

In tungsten isotopes Z=74 (A=180-186), energy kevB(E2), B(M1) and mixed symmetry states (MSS)ehav
been discussed using the interacting boson moB#-@). The effect of the Majorana parameters orrgyef the highly
excited state have been investigated. The variaifothese parameters have great effect on propenfielSS. All the
calculated results were compared with the availakfeerimental data and get reasonable agreemésnfolind that th2Z
in ¥ and*®AW are the first 2 mixed symmetry states, while t2fin **\W and*®®W are the first 2 mixed symmetry

states.
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INTRODUCTION

The proton-neutron interacting boson model (IBMs been very successful in describing the collecti
properties of vas number of nuclei. The IBM-2 digtiishes between proton and neutron bosons canugeaal the
collective states of IBM-1 in addition it producethtes called the mixed symmetry states (MSS).prasence of mixed

symmetry states built on the basis of the propedfeslectromagnetic transitions [1]

To understand the basis mechanism of how the ktierabetween protons and neutrons, which offeceraplex
formula for the nuclear structures, and it is tingt task of the nuclear structures physics studiést information can we

get from studies of nuclear states and which amsitiee to the of the proton and the neutron degoddreedom [2].

The even-even mass tungsten isotopes have beeitter wiastudy by several authors using differenthuds

shown in references [3-5].
The aims of the present study are the following:
«  The implementation IBM-2 calculation of the evereaV?* !4V isotopes in the context of new experimental data.

* Study of the mixed symmetry characters throughualysbf various quantities, the wave function, thepi

values and the electromagnetic transition prokiasli
» |dentification of the one — phonon and two — phomired symmetry states.
Interaction Boson Model (IBM-2)

The IBM-2 Hamiltonian can be written as [6,7]

H= Eo + gd(ﬁdn + ﬁdv) + Kn:,v(@n- Qv) + MTL’U + I711:11: + ]ZJU (1)
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Where the indexu) and () refer to neutron and proton bosons, respectivglys a constant which contributes to

the total binding energy only. Moreover:
A, = (d}.d)) )

)

~

Qp = [d;r X8+ Sr:r X dp](z T X [d;r x &p]@) 3

1

_ @) . ~ - ~ 1
Muy =6 [s) x df = s x df] 7. [8, X dy = 3, x d, ]

B 5 ~ 1(k)
~Sk=rabild x di] T [de x ] (4)
The Majorana terni,,, is responsible for the location of mixed symmedigtes with respect to fully symmetric

ones. The teranp shows from microscopic considerations represdmsinteraction between same bosons, it given

following form:
5 1 + +1M 15 5 1)
Vpp - EZ(L=0-2-4) CLP [dp X dp] -[dp X dp] )
For the calculation of reduced transition prob#piland moments the following one-body electromaignet
operators were considered [8] :

T(E2) = e;Qr + €,Q, (6)

. vz . . Y
T(M1) = [%] (Gnln + guly) where: L, =10[d] x d,] @

Wheree,, ande, the proton and neutron boson charggsa andg, are g-factors for proton and neutron boson,

Zp is the angular momentum operator.

For a gamma ray decaying frgiystate tg/, state carried by a photon of multipole order lg thduced transition

probabilities, for electric B(EL) and magnetic tsétion B(ML) are defined as follows [9]:

B(EL:Ji ~ ;) = 7 (1@l (8)
B(ML:J; = Jp) = o (1)) )

Where(Q andM are the electric and magnetic multipole operataspectively.

In IBM-2, the isospin formalism can be straightviardly applied on the boson level, i.e., the bosans
considered as elementaparticles that form an isospin doublet with projections +1{f2roton boson) and -1/2
(neutron boson). This "boson-isospin” is calledpis The lowest-energy nuclear states have the mmaxi F-spin
quantum number, F=N/2, where N is the total nundddrosons. Such states are symmetric with respettiet pairwise
exchange of boson isospin labels. Boson statesctimain at least one-pair of bosons which issgntimetric under the
exchange of boson isospin labels, possess non-maxiwalues of the F-spin quantum number, F < N/2, are called
"mixed-symmetry states (MSS's)". Mixed symmetrytegaappear when the motions of the proton and mewtre not in
phase. The signature of MSS's is the existencdrong F-vector M1 transitions to symmetric statéthvallowed M1

matrix elements of the order of }, [L0, 11] In the IBM-2, F-spin operators written as:
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F, =sls, + (di.d,) (10)

3 (Nz—Ny)
F. = SJSTE + (dI dn)r F, = - (12)

Both bosons form of (F-spin) multiplet written as;

2

T >= E%) [v>= |§,—3> . (12)

The total symmetry states have the maximum valyé&-apin) [12].

(Nz+Ny)
Fmax = T 361

While the mixed symmetry states properties by desing (F-spin) value where:

Np—Ny
F:Fmax_1'Fmax_2""""’FminZT 146

In the vibrational nuclei, lowest lying mixed symimestate has spin—party, and the congruence is located at

the levels around 2 MeV. It is decay to #elevel by the basic strong M1 transition [13].
RESULTS AND DISCUSSIONs

For®®!84y isotopes, there are four proton - boson holesredron hole bosons decrease gradually with mass
number A. The calculated energy levels spectrumoitained by diagonalizing the Hamiltonian in Eg.(Gsing the
NPBOS code[14].

The best fitted parameters are listed in Tablé dath be seen from the table the value§lof C:(L = 0,2,4) for
each isotope, the present of these terms corresmphal print out the sequences of levels. The patam,, has been

kept constant in all the isotopes. The parametgrs x, been kept constant in all set of the isotopesanal to SU (3)

limit value =—+/7/2.

The values of the Majorana parameters will depBsswith respect first scissor mode state. The aim twas
minimize the position o2* mixed symmetry states in the W isotopes, and taitmothe effects of such a change on the

calculated energy spectrum. On the other handixed the value of, = 0.24 MeV for all isotopes and vag;, and,.

The calculated energy spectrums of the 180-186Wenace shown in Figures 1-4. Reproduction of tiead in
the experimental data [15] can be seen, the ergagys have been grouped according to bands apuh Fedues, and they
provide an opportunity to study possible collecth@nd structures that are predicted in these nuékican be seen,
our results agree well with the available experitaemlata. In particular, all symmetry states infatiént band are
reproduced correctly, all secofidl and 2} states, except thag in the®W isotope where the deviation is 0.276 MeV
lower than the experimental value. The IBM-2 prédits of they- band of the selected set of W- isotopes are also
satisfactory. Though the calculatedl state at 1.651 MeV in tiW isotope has not been observed, whileGthetates in
the 18918418y isotopes are very close to the experimental oA#s3} states are fully symmetric states, i.e belong to
y-collective band. The deviations between theorktioad experimental data may be attributed to theingi of the

collective excitation with quasiparticle excitat®n
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Table 1: The Parameters of the IBM-2 Hamiltonianx, = x,, = —g, &, = 0.24 Have Been Chosen fot*> %4
Isotopes, All Parameters are in Mev Unit except, and x,; which are Dimensionless

A TN, [N, [ &g | x [C=c][cE=c2[ci=ct] & | &
180 |10 | 4 0.28 | -0.062 | 0.05 -0.10 0.13 0.10 | 0.10
182 | 9 4 0.28 | -0.062 | 0.05 -0.10 0.13 0.10 | 0.10
184 | 8 4 0.30 | -0.062 | 0.10 -0.10 0.15 0.04 | 0.04
186 | 7 4 0.33 | -0.060 | 0.10 -0.20 0.20 0.04 | 0.04
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Figure 1. Comparison between Calculated Energy Levg and Experimental Data in (_74"180) W Isotope
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Figure 2: Comparison between Calculated Energy Leve and Experimental Data in182W Isotope
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Figure 4: Comparison between Calculated Energy Leve and Experimental Data in8$W Isotope

Mixed Symmetry States

The excitation energy of the mixed symmetry statesdepend on the Majorana terms. In which we cand the
ratio by [16]

__ ()
R= Fmax(Fmax+1) (15)
Where: ”) = alFmax) + BlFmax - 1)1 o? + BZ =1 (16)

We can be calculate

(”Fz”) = 0‘szax(Fmax +1)+ BZ(Fmax — DFmax (17)

The values af andpare playing an important role in the measuremestofmetry in each state. We found that N
depends on the energy excitation, this the enefdlieomixed symmetry states increases with the Metiormed nuclei
[17]. In the SU(3) limit that the difference in th&citation energies for two different Majeronac®iare important. Can be
noted in most of the deformed nuclei by mixing thmstient of the wave function of the proton and neatron.1} states

can be observed in rotational nuclei SU(3) [18].

The &, component of Mojorana interaction should has aneene effect on the energy of the MSS. We set, as
starting point, the three parametérsé, andé; which obtained the best fit to experimental datd then allowg, to vary.
The completely symmetric* Ztates do not effected by changifig or reach the saturation value very quick, whiie t
energy of the MSS increase ( decrease) rapidiyhyging the, value and become constant at a certain energyoaens
in figures 5 and 6. The energy of thg, shows a linear increase wigh. The3} . and4;} ; behave in the same manner of
the2} .. The F-spin projection calculation confirm thisteria, in other word, we recommended the two meshmn
searching for the mixed symmetry states. The va(&E/max) of low lying states which reflect of tleemount of the

symmetry in the state can is shown in Figure 7.

According to the above discussion, it is found tth&t 2} and 2} at calculated energy around 2 MeVA8fiw
isotope are mixed symmetry states, plusthend1}at 2.130 MeV and 2.877 MeV respectively. The satates in®AW

isotopes are mixed symmetry states. In 184W isotide found that th@ and2} states at experimental and theoretical
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energies (1.386, 1.431) and (1.408, 1.441) MeV aetyely are the mixed symmetry states.'fiw has the similar

behavior as previous isotope, i.e Zigand2? states at experimental and theoretical energi€8%1 1.322) and (1.226,

1.254) MeV respectively are mixed symmetry states.
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Figure 7: The F*F/Max (%) Values of the Low-Lying Positive Parity States
in IBM-2, Lower Numbers Denote the Order of theStates

Electromagnetic Transitions

Most characteristics and measurable quantities $5Mtates is the electromagnetic decay by alloweecEor
any M1 transition to symmetric states. This ismpartant feature because the M1 transitions betw&$ are prohibited
and therefore M1 transition is a distinct of MS8tes. The M1 transitions between MSS and FSS apmopional to the
quantity [(g, — g,)?N.N,], while, E2 transitions between FSS are propodida the quantity (e, N, + e,N,)?] and E2
transition between MSS and FSS are proportiondigayuantity (e, — e, )N, N,]. The proportionality factors depend on

the structures of the wave functions are included.

From equation (6) we note that an E2 transitionnigadepends on identifying proton and neutron bgson
effective charges and in the case of the mixed sgtmnstatesd;, # e,) [19]. The relationship between,(, e,) and the
reduced transition probability B(E2) for rotatiofiahit SU(3) is given in the form [20]:

B(E2:21 - 0}) = w (18)

This relation was used to estimate the effectivargds for proton and neutron bosons. It was folnad the
valuese, = 0.12eb ande, = 0.14 eb are suitable values for the selected W isotopéeroto calculate the reduced

electric transition probability B (E2).

In order to calculate the M1 transition probal®lti one has to estimate the two g-factors in Egufd)to do so,

we used relation for the total g-factor written24g[

N Ny
9=9nyn. T 9oy n- 19)

The predicted values wegyg = 0.75 uy andg, = 0.15 uy. These parameters were kept constant for the whole
series of isotopes. The model results and expetahemalues of the electromagnetic transition prdltads have been

listed in tables 2 and 3.

From the calculated values for the transition philiig B(E2) and B(M1) in*®*W and®w in table 2 , it found
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that the2? state is a mixed symmetry state and repre8gpt, because B(E2) < B(M1) as well as thg state which
represents the mixed symmetry for the same rea¥dmerea} state is a totally symmetric state because of
B (M1) < B(E2). While, in the case 8F""®W, the 2} represent th@{,,,; according to the values of B(E2) and B(M1).

In most cases the values of B(M1) and their rasiges very helpful in nuclear shape coexistence. Niynihe
value of B(M11*— 0%) is the largest value in the M1 transition protigbbetween states, so we applied the B(M1) ratio

normalized to the value of this transition, accogdio the fallowing relations;

R, = BML 17-0]) _ BM1;17-27) _ B(M1;17-23)
g =)

BMLJi~Jp) ' 2 BMLJi~Jp) " S B(MLJi~Jp)

(20)

Figure 8, represents the relationship betweenatie R, and the mass number (A) by the following formula;

_ B(M1;11-07)

1= ——— where: i=4,5,6, 7 and f=1,2.
BM1;2{ »2f)

(21)

Since the value of the(M1; 1{ — 07) in the above equation, is constant, which meduas,ther; ratio depends

on theB(M1; 2§ — 2f). The large value ok, means that thg state is a totally symmetric state and this issiiant

with the values calculated in the program and ihith F-spin values. For sm&] values theB(M1; 2] — 27) is large
(>>1), means that, the sta¢is a mixed symmetry state and it has the strongdetday to the state and one must take
into account that the states in which the M1 des@yone-phonon or two-phonon differences. Theiogighip between
the R,) for the @; — 2,) transition with the £) number can be seen in the figure also. The watlde different in values
depending on the amoW(M1; 2; - 2,). It can be seen thaR{) is small (<<1) whenN, = 12), because this isotope has
larger value of B(M1) than the other isotopes. Phecedure was applied to identify the totally synnuesates using the

ratios B and R; the results are presented in figures 9 and 10.

Table 2: Experimental and Calculated B (E2) (In Unie?b?) and B (M1) (in Unitu?) for ****%3v Isotopes

IF.IDW 1azw
o o 74 74

Ji = Jy B(E2) B(M1) B(E2) BMM1)

Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.
27 — 07 | 0.8328 | 0.9285 0.8390 | 0.8536
23 — 07 0.0185 0.0208 | 0.0151
23 - 2f 0.0118 0.0001 | 0.0412 | 0.0118 | 0.0001 | 0.0001
03 — 27 0.0152 0.0148
03 — 27 0.0001 0.0001
3 — 2f 0.0289 0.0002 0.0239
37 — 4F 0.0134 0.0002 0.0107 0.0002
47 — 2% 1.2909 1.2004 | 1.1856
43 — 2§ 0.0043 0.0039
4% — 2% 0.3309 0.3070
43 — 3% 0.8821 0.0072 0.8031 0.0001
57 — 4f 0.0207 0.0003 0.0178 0.0003
67 — 47 1.3382 1.2249 | 1.2283
8] — 6F 1.2696 1.2800 | 1.1642
17 — 271 0.0029 0.1128 0.0025 0.1132
17 — 2% 0.0002 0.0029 0.0002 0.0034
17 — 07 0.1872 0.1869
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Table 3: Experimental and Calculated B (E2) (in Uriie?b?) and B (M1) (Inunit %) for ***'® Isotopes

1w 1w

J: —=J5 B(E2) B(M1) B(E2) B(MD)

Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.
27 — 07 0.7395 0.7559 06998 06711
23 — 07 0.0274 0.0131 0.0291 0.0101
23 — 27 00522 00123 0.0001 00002 00636 00083 00002 00001
07 — 27 0.0250 0.0206
07 — 27 0.0013 0.0001
37 — 27 00218 00005 01720
37 — 47 0.0090 0.0006 0.0033 0.0001
47 — 27 0.9943 0.0514 09078 0.9294
4l = 27 0.0038 0.0064
47 — 23 02807 00023 02383
47 — 37 07018 0.0131 06232 0.0001
57 — af 0.0173 0.0009 0.0179 00003
67 — 47 1.1372 1.0936 1.1789 0.9660
87 — 67 1.0421 0.9206
17 — 27 0.0029 01116 00024 00998
ff — 2_? 0.0006 0.0003 0.0001 0.0017
IT —= 07 0.1837 0.1616

Figure 8: Ratio (2,) for (2] - 2f) (I=4, 5, 6, 7 and F =1, 2) Transitions with Masslumber
Figure 9: Ratio (2,) for (2] — 2f) (I=4, 5, 6, 7 and F =1, 2) Transitions with Masslumber
www.tjprc.org editor@tjprc.org
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R, (M1}
R, (M1)

T T T T | T T T
180 182 18 186 138 180 182 18 188 182

Mass number Mass number

Figure 10: Ratio 2;) for (27 — 2f) (I=4, 5, 6, 7 and F =1, 2) Transitions with Masslumber

CONCLUSIONS

In this work, a satisfactory description of the sdxsymmetry states properties in tungsten isotépd80 to 186

has been obtained using M1 transition strength. ddteulation was done in the framework of IBM-2.€Bb properties

provided us with an example of details of nucldaucture of the selected nuclei. The analyses dstrate the sensitivity

of the mixed symmetry states energy to the modedmaters F-spin and the Majorana t&mThe comparison with

experimental data shows that, we still lackingxgderimental data on the B(M1! & 0") in order to focus on these aspect.
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