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Abstract:

       A study of W isotopes chain from (168-188) nuclei is presented .The energy levels , B(E2) transitions , the quadrupole moment of 21+ state and potential energy surfaces are described by using the general IBM-1 Hamiltonian. In this chain nuclei evolve to SU(3) properties stepwise with increases the atomic mass number with sustentation the O(6) operator  which be constant in the last five elements from 168-188W  isotopes series .The predicted theoretical calculations were compared with the experimental data in respective figures and tables ,it was seen that the predicted results are in a good agreement with the experimental data. In the framework of IBM calculations (27) energy levels were determined for 168-188W isotopes as (0+2:0.711MeV, 2+2: 0.32MeV , 2+3 : 0.55MeV, 3+1 :0.401MeV and 4+2  : 0.67MeV ) for 168W, ( 2+2: 0.169MeV, 2+3 :0.214MeV,3+1 :0.331MeV and 4+2  :0.525MeV ) for  170W , ( 2+2: 0.129MeV , 2+3 :0.147MeV, 3+1 :0.257MeV and 4+2 :0.417MeV ) for  172W, (0+2: 0.1321MeV, 2+2:0.157MeV , 2+3 :0.29MeV, 3+1 :0.301MeV and 4+2  :0.414MeV ) for  174W, (2+3 :1.67MeV, 4+3 :1.85MeV and 6+2  :1.59MeV ) for 180W, (4+3 :1.38MeV and 6+2  :1.34MeV ) for  184W, (6+2  :1.37MeV ) for  186W and (2+3 :1.2MeV, 3+1 :0.77MeV and 6+2  :1.21MeV ) for 188W.  
الخلاصة : 
         أجريت دراسة لسلسلة من نظائر التنكستن من النوى (168 )إلى (188). تمت عملية وصف لـ مستويات الطاقة ،الانتقالات الكهربائية  B(E2)،العزم رباعي القطب للمستوي 21+،وسطوح تساوي الجهد باستخدام الهاملتون العام لـ IBM-1 .في هذه السلسلة النوى  تتطور باتجاه خصائص  SU(3) تدريجيا مع زيادة العدد الكتلي مع حفظ مؤثر O(6) والذي يصبح ثابتا في العناصر الخمس الأخيرة من  سلسلة نظائر 168-188W . الحسابات النظرية المتوقعة قورنت مع البيانات العملية بجداول ورسومات خاصة  ويبدو أن النتائج المتوقعة متوافقة جيدا مع البيانات العملية. في نطاق حسابات IBM (27) مستوي طاقة قد حدد لنظائر  168-188W كالتالي:
(0+2:0.711MeV, 2+2: 0.32MeV , 2+3 : 0.55MeV, 3+1 :0.401MeV , 4+2  : 0.67MeV ) لنظير 168W و( 2+2: 0.169MeV, 2+3 :0.214MeV,3+1 :0.331MeV , 4+2  :0.525MeV )لنظير 170W و

  2+2: 0.129MeV , 2+3 :0.147MeV, 3+1 :0.257MeV , 4+2 :0.417MeV )) لنظير 172W و
 (0+2: 0.1321MeV, 2+2:0.157MeV , 2+3 :0.29MeV, 3+1 :0.301MeV , 4+2  :0.414MeV ) لنظير 174W  و(2+3 :1.67MeV, 4+3 :1.85MeV , 6+2  :1.59MeV ) لنظير 180W و 

(4+3 :1.38MeV , 6+2  :1.34MeV ) لنظير 184W و(6+2  :1.37MeV ) لنظير 186W و

 (2+3 :1.2MeV, 3+1 :0.77MeV , 6+2  :1.21MeV ) لنظير 188W
Introduction:
     In 1974 ,a new nuclear model was proposed ,by Arima and Iachello ,called the interacting boson approximation model or IBM ,to deal with nuclei that not near closed shells or major sub shells ,or geometrical models in which a nuclear shape and excitations of that shape are envisioned .

The interacting boson model in its simplest form ,as originally proposed describes as system of s(l=2) and d(l=2) bosons which may interact with one another via once or two body interactions .The neglected of higher order terms does not represent any fundamental constraint ,and indeed has been relaxed in some later applications of the model ,but rather stems from the desire to keep the complexity of the overall Hamiltonian at a manageable level(Arima et al ,1976), (Arima et al ,1978), (Arima et al ,1979),( Casten et al ,1988) and(Casten et al,1985).

      In the interacting boson model ,collective excitations of nuclei are described by bosons . An appropriate formalism to describe the situation is provided by second quantization . One thus introduces boson creation (and annihilation )operators of multi polarity l and z- component m .A boson model is specified by the number of bosons operators that are introduced .In the interacting boson model -1 it is assumed that low –lying collective states of nuclei can described in terms of a monopole bosons with angular momentum and parity 
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,called s and a quadrupole boson with 
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    There are two basic concepts on which the IBM is based. One is that low-lying collective states in even-even nuclei can be described by only the valence nucleons, which form interacting fermion pairs. The other idea is that the fermion pairs couple to form bosons, carrying angular momentum (J). The energies (εs and εd), and the interactions of the s and d bosons, predict the low-lying excitations in the nucleus. There is 1 available magnetic substate for the s boson, determined by (2J + 1), and 5 available magnetic substates for the d boson, forming a 6-dimensional space described by the group structure(6). The quadrupole collectivity is a prominent aspect in the nuclear structure for both stable and exotic nuclei (Green, 2009) and(Nomura et al ,2009).

   In 1995(Casten et. al , 1985) have been shown that an underling SU(3) structure of interacting boson model is exhibited by nuclei near neutron number 104 (from 90 to 114) in the rare earth reigion and this is particularly evident in Yb and Hf and to a lesser in the heavy Er and light W nuclei. In 1997 (Chou et. al.,1997) was carrying out calculation for 145 nuclei in the Z=50 -82 shell from A=120 to 200 with the IBM -1 using a constant set of procedures and a standardized set of six observables . (Pietralla et. al., 1998) was studying  the excitation energy of 1+ scissors mode and its empirical dependence on the nuclear deformation parameters ,the 182-186W isotopes was within this work. In (2007) The systematics of g factor of the first excited 2+ state vs neutron number N is studied by the projected shell model. The study covers the even-even nuclei of all isotopic chains from Gd to Pt. g factors are calculated by using the many-body wave functions that well reproduce the energy levels and B(E2)s of the ground-state bands. For Gd to W isotopes the characteristic feature of the g factor data along an isotopic chain is described by the present model (Bao-An Bian et al ,2007).

Interacting Boson Model (IBM):
     The Lie algebra U(6) can be decomposed into a chain of sub algebras. If an appropriate chain of algebras can be found, the representations of each of these algebras can be used to label states with appropriate quantum numbers. This is because the states can be chosen that transform as the representations of each algebra. For applications to nuclei the chain of algebras must contain the subalgebra SU(3) since it is needed for states to have as a representation of the rotation group. In other words, SU(3) is required for states to have a good angular momentum quantum number. Three and only three chains of sub algebras have been found that contain the subalgebra SU(3). One of these chains is
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 EMBED Equation.3 [image: image4.wmf]
 where under each algebra, the corresponding quantum number is given. Note that there are two quantum numbers given for the algebra SU(5). This is due to an ambiguity from reducing SU(5) to SU(3) and an additional quantum number is needed to uniquely specify the remaining representations. The quantum numbers L and M correspond to the angular momentum and magnetic quantum numbers (Ahn , 2008).

The most general Hamiltonian was: (Arima et al ,1976), (Arima et al ,1978), (Arima et al ,1979),( Casten et al ,1988) ,( Casten et al,1985) and (Iachello et al.,1987):
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      This Hamiltonian is specified by 9 parameters ,2 appearing in the one body term ,
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  ,and 7  in the two body terms ,
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.However ,since the total number of boson (pairs) is conserved ,
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 (K. Abraham et al,1980).

      The transition operator in IBM -1 was: (Arima et al ,1976), (Arima et al ,1978), (Arima et al ,1979),( Casten et al ,1988) ,( Casten et al,1985) and (Iachello et al.,1987):
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    Where α2, βl, γ0 are the coefficient of the various terms in the operator .This equation yields transition operators for E0,M1,E2,M3and E4 transition with appropriate value of the corresponding parameters .

The 
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operator ,which has enjoyed a widespread application in the analysis of γ-ray transitions can thus take the form: (Arima et al ,1976), (Arima et al ,1978), (Arima et al ,1979),( Casten et al ,1988) ,( Casten et al,1985)( Wood et al 1992). and (Iachello et al.,1987):
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   It is clear that , for the E2 multipolarity ,two parameters α2 and  β2 are needed in addition to wave function of the initial and final states .

    The spectra of medium mass and heavy nuclei are characterized by the occurrence of low –lying collective quadrupole state .the actual way in which these spectra appear is consequence of the interplay between pairing and quadrupole correlations .This interplay changes from nucleus to nucleus , giving rise to a large variety of collective spectra .Two complementary approaches are possible in discussing properties of collective spectra .In the first approach ,one expresses the collective Hamiltonian (and other operators )in terms of shape variables β, γ (Puddu et al ,1980). 

   The geometric properties of interacting boson model are particularly important since they allow one to relate this model to the description of collective states in nuclei by shape variables . It is more convenient to use in the discussion of the geometric properties of the interacting boson model anther set of coherent states the projective states .These were introduced by Bore and Mottelson  ,Gnocchio and Kirson  and Dieperink ,Schollton and Iachello (Ginocchio et al ,1980),( Dipernik, et al,1980) , and (Bohr et al, 1980).

    A general expression for this energy surface ,as a function of β and , γ state in term of the Hamiltonian of Eq. (1) is given by (Casten et al ,1988) 
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    where the αi’s are simply related to the coefficients of Eq. (1) .One noted that γ occurs only in the terms in cos3γ ,the energy surface has minima only at γ=0° and γ=60° .

    Then the potential energy surface equation for the three symmetries can be given by the following equations (Iachello et al,1987)

.
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Calculations and results:

     Calculations of energy levels for even-even 168–188W isotopes were performed with the whole Hamiltonian (eq.1) using IBM-1 computer code  . For 168–188W nuclei (Z=74) have (10-14 bosons where N˂ 104 and 14-10 bosons where N˃ 104) formed (4 proton hole) bosons and (10-14) neutron particle bosons and (14 -10) neutron hole bosons.
      The parameters of equation (1) were calculated from the experimental schemes of these nuclei (Baglin, 2010),( Baglin,Nuclear ,2002), (Singh, 1995) (Browne et al ,1999) ,( Basunia, 2006) , (Wu and et al, 2003) ,( Singh et al ,2010) ,( Baglin , 2010) ,( Baglin , 2003),( Singh ,2002) and (National Nuclear Data Center, Brookhaven National Laboratory:  http://www.nndc.bnl.gov/nndc/ensdf/) and the analytical solutions for the three dynamical systems (see reference (Casten et al ,1988)).These parameters were tabulated in table (1) and figure (1) .The calculated and experimental energy levels are exhibit in figure (2). 
 The calculations of B(E2) values were performed using computer code “IBMT”. The parameters in E2 operator eq.(3) were determined by fitting the experimental B(E2;21+(01+) data (Baglin, 2010),( Baglin,Nuclear ,2002), (Singh, 1995) (Browne et al ,1999) ,( Basunia, 2006) , (Wu and et al, 2003) ,( Singh et al ,2010) ,( Baglin , 2010) ,( Baglin , 2003),( Singh ,2002) and (National Nuclear Data Center, Brookhaven National Laboratory:  http://www.nndc.bnl.gov/nndc/ensdf/)

, and the parameters were listed in tables (1) and (2) ,where 
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 in SU(5), SU(3) and O(6) respectively (Casten et al,1988) ,( Casten et al,1985) ,( Iachello et al , 1987) and (Green, 2009). 

The converter coefficient between (e2b2 ) and (W.u) is 
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    The values of the parameters which gave the best fit to experimental are given in table (1). The parameters of the energy surface were calculated by transforming  the parameters of Hamiltonian of equation 1 by several equations (see reference (Casten et al ,1988)), and they  are found to be as in table (1) to draw the energy functional E(N; β,γ) as a function of β and the contour plots  in the -β plane fig.(3). 
Table (1):The parameters of the Hamiltonian equation , The parameters obtained from the programs IBMP code for  potential energy surface and E2 operators used for the description of the 168-188W isotopes.
	Parameters
	Nb
	ε
	a0
	a1
	a2
	a3
	a4
	s
	d
	α1
	α 2
	α 3
	α 4
	E2SD
	E2DD

	Isotope
	
	In ( MeV)
	In unit (e2b2)

	168W
	10
	0.0
	0.236
	0.0335
	0.0001
	0.0
	0.0
	0.0
	1.201
	0.095
	0.0
	0.0
	0.0
	0.479
	-0.35

	170W
	11
	0.0
	0.0026
	0.024
	-0.0025
	0.0
	0.0
	-0.012
	0.141
	0.001
	0.0
	-0.011
	0.0
	0.1468
	0.0

	172W
	12
	0.0
	0.0012
	0.02
	-0.001
	0.0
	0.0
	-0.005
	0.119
	0.0
	0.0
	-0.005
	0.0
	0.1747
	0.0

	174W
	13
	0.0
	0.11
	0.0143
	-0.0071
	0.0
	0.003
	-0.036
	0.048
	0.029
	0.0
	-0.084
	0.0
	0.133
	0.0

	176W
	14
	0.0
	0.1243
	0.0073
	-0.025
	0.0
	0.0
	-0.125
	0.018
	0.031
	0.011
	-0.162
	0.0
	0.156
	0.0

	180W
	14
	0.0
	0.2122
	0.0069
	-0.0273
	0.0
	0.0
	-0.137
	0.01
	0.052
	0.023
	-0.0215
	0.00
	0.128
	0.0

	182W
	13
	0.0
	0.2122
	0.0097
	-0.0189
	0.0
	0.0
	-0.095
	0.034
	0.052
	0.02
	-0.1820
	0.0
	0.137
	0.0

	184W
	12
	0.0
	02122
	0.015
	-0.0109
	0.0
	0.0
	-0.054
	0.068
	0.05
	0.023
	-0.15
	0.0
	0.139
	0.0

	186W
	11
	0.0
	0.2122
	0.0
	-0.0488
	0.0
	0.0
	-0.244
	0.049
	0.053
	0.002
	-0.301
	0.0
	0.137
	0.0

	188W
	10
	0.0
	0.2122
	0.0
	-0.0412
	0.0
	0.0
	-0.206
	0.041
	0.053
	0.009
	-0.271
	0.0
	0.147
	0.0


Table (2) Comparison between present values of  B(E2) (in unit e2b2) for even-even  168-188W isotopes (Theo.) and experimental ones (Exp.).The quadrupole moment of 21+ state listed in last line.

	Transitions
	21+(01+
	22+(01+
	22+(21+
	41+(21+
	Q21+

	Isotope
	Th.
	Exp.
	Th.
	Exp.
	Th.
	Exp.
	Th.
	Exp.
	Th.
	Exp.

	168W
	0.604
	0.633
	0.827
	-
	0.0
	-
	0.0169
	0.7
	-0.335
	-

	170W
	0.712
	0.68
	0.0
	-
	0.98
	-
	0.98
	0.98
	-0.007
	-

	172W
	1.17
	0.955
	0.0
	-
	1.63
	-
	1.63
	1.36
	-0.01
	-

	174W
	0.787
	0.766
	0.0
	-
	1.1
	-
	1.1
	1.33
	0.0
	-

	176W
	1.11
	-
	0.09
	-
	0.265
	-
	1.6
	-
	-2.618
	-

	180W
	0.75
	0.819
	0.055
	-
	0.104
	-
	1.06
	-
	-2.165
	-

	182W
	0.73
	0.819
	0.054
	-
	0.097
	-
	1.04
	1.18
	-2.14
	-2.13

	184W
	0.65
	0.732
	0.042
	0.025
	0.067
	0.048
	0.92
	1.01
	-2
	-1.87

	186W
	0.62
	0.688
	0.003
	0.028
	0.82
	0.062
	0.86
	0.892
	-0.434
	-1.57

	188W
	0.56
	-
	0.033
	-
	0.468
	
	0.803
	-
	-1.34
	-


Discussion and conclusion :

    The Interacting Boson Model (IBM) has become one of the most frequently used theoretical approaches to description of low energy collective states in atomic nuclei. It is caused in particular by the possibility of IBM to study vibrational, rotational and transitional nuclei employing the same Hamiltonian with parameters smoothly alternating along isotope or isobar chains. 
    The nuclear structure of even-even Tungsten isotopes have been described by the IBA-1 Hamiltonian yields a good description of the energy levels , transition probability B(E2; Ii →If )  of the 168-188W isotopes.

    The observation of band structure in 168-188W seems as a deformed nucleus where experimental and expectation  ratio values for two excited state (2+ and 4+),(2+ and 6+) and (2+ and 8+)  of the ground state band variation from (2.8 to 3.2) ,(5.23 to 6.8 ) and (8.1 to 11.44 ) respectively while the values of the rotational theory expects R= (3.33,7 and 12)  and (2.5,4.5 and 7) for the γ- unstable respectively see fig.(4). The slightly gradation in the 168-188W nuclei  behavior can be interpreted if we look at the neutron distribution  in the nuclear shells, the 168-174W nuclei occupy 2f7/2,176,180W in the 2f5/2, 182,184W in 3p3/2 , 186 W in 3p1/2 while 188 W in 1i13/2 sub levels respectively .
    The level structure of 168-188W lie in the transition region between the deformed and O(6) limit where the quadrupole – quadrupole interaction between bosons and the pairing forces were dominated . These forces especially influence the particles in the unfilled states .The pairing force keeps the nuclei in spherical symmetry .The quadrupole charge distribution causes what is known as the quadrupole force ,this force take the nuclei to the deformed state ,the relation between the pairing and the quadrupole forces determines the form of the nuclei. Deformed nuclei can exhibit rotational spectra ,which depend on the nuclear equilibrium shape.

    A successful nuclear model must yield a good description not of the energy spectrum of  the nucleus but also of its electromagnetic properties, the comparison between experimental and IBM expectation of B(E2) transitions for ( 21+(01)  , (+22+(01+), (22+(21+)and (41+(21+) in table (2) were acceptable values. 

  The potential surface in 168-188W was different from an ideally symmetric rotor which minimum at β=
[image: image19.wmf]2

 , β  gradation from (0)  in 168W to (1.2) in 188W, the contours of 168-188W nuclei resemble to a SU(3) →O(6) transition region with more tend to symmetric rotor see fig.(5) ,finally the  Q21+ value make clear  the similarity with SU(3)→O(6) transitions region see Fig.(5) which illustration the typical Surface phase transitions diagram of IBM  .

    In the framework of IBM calculations (27) energy levels were determined for 168-188W as (0+2:0.711MeV, 2+2:0.32 MeV , 2+3 :0.55MeV, 3+1 :0.401MeV and 4+2  :0.67MeV ) for  168W , ( 2+2:0.169 MeV , 2+3 :0.214MeV, 3+1 :0.331MeV and 4+2  :0.525MeV ) for  170W , ( 2+2:0.129 MeV , 2+3 :0.147MeV, 3+1 :0.257MeV and 4+2  :0.417MeV ) for  172W, (0+2:0.1321MeV, 2+2:0.157 MeV , 2+3 :0.29MeV, 3+1 :0.301MeV and 4+2  :0.414MeV ) for  174W, (2+3 :1.67MeV, 4+3 :1.85MeV and 6+2  :1.59MeV ) for 180W, (4+3 :1.38MeV and 6+2  :1.34MeV ) for  184W, (6+2  :1.37MeV ) for  186W and (2+3 :1.2MeV, 3+1 :0.77MeV and 6+2  :1.21MeV ) for 188W,see fig.(2).

[image: image20.emf]R2 = 0.338

-0.05

0

0.05

0.1

0.15

0.2

0.25

165 170 175 180 185 190

Mass number 

a0

خطيa0()

[image: image21.emf]R2 = 0.7438

-0.01

0

0.01

0.02

0.03

0.04

165 170 175 180 185 190

Mass number

a1

)a1(خطي 


[image: image22.emf]R2 = 0.6867

-0.06

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

165 170 175 180 185 190

Mass number 

a2

)a2(خطي 

 [image: image23.emf]0

0.5

1

1.5

166 171 176 181 186

Mass number

(a2/a0 )



a2/a0


Fig.(1): The values of the parameters (a0, a1, a2 and a2/ a0) were  calculated from the  experimental schemes of 168-188W isotopes.
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Fig. (2): A comparison between theoretical values of  energy levels and the corresponding experimental one for 168-188W .
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Fig.(3):The energy functional E(N; β,γ) as a function of β and the corresponding β-γ plot for 168-188W isotopes.
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Fig.(4 ):Calculated  and Experimental ratios (4+/2+),(6+/2+) and (8+/2+)  for 168-188W isotopes.
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Fig.(5 ) : Surface phase transitions diagram of IBM  ( Jolie,2001).
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