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Investigation of the low laying energy levels structure of the rich neutron isotopes 78-88 Kr
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Babylon University/ Science college  / Department of physics
Abstract       
The low lying levels structure and electric quadrupole transitions of the rich neutron   78-88 Kr nuclei have been studied by using the Interacting Boson Model-1 (IBM-1).The calculated results are in good agreement with recent experimental data. 

   The results obtained and the values of parameters used in this calculations indicated that Kr isotopes have a vibrational with small amount of O(6) properties appears to be constant with increases of  Atomic number of  isotopes.

    In actual study many of energy level were ensure like (62+) in 80Kr,(23+),(42+)and (61+) in 82Kr ,3+ in 84Kr and 3+ in 88Kr   

الخلاصة
    تمت دراسة تركيب مستويات الطاقة الواطئة والانتقالات رباعية القطب الكهربائية لنوى 78-88 Kr الغنية بالنيترونات باستخدام نموذج البوزونات المتفاعلة الأول IBM-1 . أظهرت النتائج توافقا جيدا مع القيم العملية الحديثة وأظهرت قيم المعاملات المستخدمة في هذه الحسابات أن هذه النظائر تمتلك صفات اهتزازية مع نسبة قليلة من صفاتO(6)  تكاد تكون ثابتة بزيادة العدد الكتلي للنظائر.

   في الدراسة الحالية تم تأكيد عدد من مستويات الطاقة كـ (62+)في نواة 80Krو (23+)  (42+)و (61+)في نواة 82K و3+ في نواة 84Kr و3+ في نواة 88Kr.

1.Introduction


    The IBM was introduced in 1974 by F. Iachello and A. Arima, it has been successfully applied to a wide range of nuclear collective phenomena[Arima, 1976,1979,1978].
A model of the atomic nucleus has to be able to describe nuclear properties such as spins and energies of the lowest levels, decay probabilities for the emission of gamma quantas, probabilities (spectroscopic factors) of transfer reactions, multipole moments and so forth. 

   The interacting boson model (IBM) is suitable for describing intermediate and heavy atomic nuclei. Adjusting a small number of parameters, it reproduces the majority of the low-lying states of such nuclei.

   The IBM is based on the well-known shell model and on geometrical collective models of the atomic nucleus. Despite its relatively simple structure, it has proved to be a powerful tool. In addition, it is of considerable theoretical interest since it shows the dynamical symmetries of several nuclei, which are made visible using Lie algebras

   The essential idea is that the low energy collective degrees of freedom in nuclei can be described by proton and neutron bosons with spins of 0 and 2. These collective building blocks interact. Different choices of L=0 (s-boson) and L=2 (d-boson) energies and interaction strengths give rise to different types of collective spectra[Walter Pfeifer,1998].

    These bosons are interpreted as correlated pairs of protons and correlated pairs of neutrons in the valence shell. This interpretation places restriction on the boson number which is determined by counting the number of particle pairs (separately for protons and neutrons) if the shell is less than half filled. And by counting the number of hole pairs if the shell is more than half filled. If the bosons of neutrons and the bosons of neutrons were considered identical then the interacting boson model is in its simplest form which is called IBM-1[Iachello,1987]

   In the work[ N. Turkan, D.Olgun, I. Uluer, and S.Inan,2006] studied the low-lying states and electromagnetic transition rates of 88,90Kr nuclei using proton- neuron boson interacting boson model.

  The life time τ of the 02+ state in 78Kr has been measured by means of the Doppler shift attenuation method in gases  by A. Giannatiempo, A. Nannini, A. Perego, P. Sona, and M. Borge, O. Tengblad [Giannatiempo,1995]. In1993, Giannatiempo et. al. describe the electric monopole strength ρ2 for the 02+→01+ transition and the B(E2) value for 78-82Kr using IBM-2  [Giannatiempo,1993 ].

Jakhar, et al., [Jakhar, et al., 2005] Following a fully self-consistent cranked Hartree Fock Bogoliubov (CHFB) approach with a pairing + quadrupole + hexadecapole model interaction Hamiltonian the structure of the yrast states of 76,78Kr nuclei is studied up to angular momentum J=24.
2- The Model Operators

The Hamiltonian of IBM-1[Walter Pfeifer,1998] used is   
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Where ε is the boson energy, the parameters ai’s designate the strengths of the, pairing, angular momentum, quadrupole, octupole, and hexadecapole interaction between bosons respectively. Where
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are the creation and annihilation operators of s and d. A successful nuclear model must yield a good description not only of the energy spectrum of the nucleus but also of its electromagnetic transitions. The electric quadrupole transition B(E2) operator in the IBM-1has the form.
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The parameters α 2 and β 2 are adjusted to fit the experimental data. 

The classic limit of IBM-1 Hamiltonian can be obtained through the IBM coherent intrinsic state (boson condensate) introduced in references [Ginocchio,1980 and Abrahams,1981]
3.Calculations and results
     Calculations of energy levels for even-even 78-84,88Kr isotopes were performed with the whole Hamiltonian (eq.1) using IBM-1 computer code  . 

    For 78-84,88Kr  nuclei (Z=36) the number of proton bosons and neutron bosons and the total number of bosons are listed in table 1.

     The parameters of equation (1) were calculated from the experimental schemes of these nuclei[Farhan2009 ;Mukherjee,2005] and the analytical solutions for the three dynamical systems (see reference [Walter Pfeifer, 1989]). These parameters were tabulated in table (2).   
The calculated and experimental energy levels and the parameters value are exhibit in figures (1-6). 

     The calculations of B(E2) values were performed by using computer code “FBEM” [Giannatiempo,1993]. The parameters in E2 operator eq.(2) are determined by fitting the experimental (B(E2;21+(01+) data[Farhan2009 ; Stone,1998], and the parameters are listed in table(2), Where 
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 in SU(5), SU(3) and O(6) respectively[K.Abrahams,1981].

The three electromagnetic transition rates are plotted in fig.(7)where [Walter Pfeifer, 1989]
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    that changes from
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      in O(6) where

and the converter coefficient between (e2b2 ) and(W.u) is 
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4.Discussion and Conclusions

The IBM-1 code is based on a simple Hamiltonian with 6 parameters which can be determined from experimental data. 

     The IBM-1 model is applied to the even-even 78-84,88Kr  isotopes,  but not 86Kr because in this isotope the number of neutrons is a magic number (N=50). and this case, is not preferred to be studied in this model and it is probably a spherical nuclei[Abrahams,1981].

The 78-84,88Kr  isotopes have transition  characteristics between O(6) and U(5) limits because the ratios of E4+/ E2+ and E6+/ E2+ were near the values( 2- 2.5) and (3- 4.5) (see table 4) .Then  when observing the experimental values of the energy levels of 41+,22+ and 02+,( two phonon state )it is clear that these values were very close to each other for the 78,80,84Kr isotopes only , and this feature is a characteristic of U(5) .
     In this study , the whole Hamiltonian has been used in the IBM-1 program and the values of parameters as shown in table (1), it can be seen that the value of   is near the value of 21+ while the values of pairing a0 are small as compared to the  value of   and a2 values are zero for all isotopes so this means that these isotopes have the characteristics of U(5) with a small effect from O(6) seems to be constant for all nuclei see fig.(1). In fig.(7) one can observe that B(E2) ratios (R=R'≈1.6) and(R" nearly to 0) for most  isotopes which meaning  that  lie between the two limits U(5)[R=R'=R"≈1.7] and O(6) [R=R'≈1.4 and R"=0].
   From Q(21+ ) values it can be concluded that 78-84,88Kr  isotopes haven’t  deformed. See table (3) which similar to that of vibrational U(5) one.

    In actual study many of energy level were ensure like (62+) in 80Kr,(23+),(42+)and (61+) in 82Kr ,3+ in 84Kr and 3+ in 88Kr see fig.(3-6).
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Table (1) The number of proton bosons and neutron bosons and the total number of bosons for the even- even 78-84,88Kr  isotopes.

	Isotope
	Proton bosons N
	Neutron bosons N
	Tot. no. of bosons N

	78Kr
	4 (particle pairs)
	4 (hole pairs)
	8

	80 Kr
	4 (particle pairs)
	3 (hole pairs)
	7

	82 Kr
	4 (particle pairs)
	2 (hole pairs)
	6

	84 Kr
	4 (particle pairs)
	1 (hole pairs)
	5

	88 Kr
	4 (particle pairs)
	1 (particle pairs)
	5


Table (2) The parameters of the Hamiltonian equation and E2 operators used for the description of the 78-84,88Kr isotopes.

	Isotope
	N
	
	a0
	a1
	a2
	a3
	a4
	E2SD
	E2DD

	
	
	In ( MeV)
	In unit (e2b2)

	78Kr
	8
	0.27
	0.113
	-0.0002
	0.0
	0.2692
	0.0
	0.07601
	0.0

	80 Kr
	7
	0.816
	0.104
	0.014
	0.0
	0.02
	0.0
	0.10282
	0.0

	82 Kr
	6
	0.88
	0.136
	0.0022
	0.0
	0.16
	0.0
	0.08622
	0.0

	84 Kr
	5
	0.9912
	0.1451
	0.0065
	0.0
	0.1012
	0.0
	0.07071
	0.0

	88 Kr
	5
	1.4055
	0.1209
	-0.0674
	0.0
	0.0003
	0.0
	0.10198
	0.0


Table (3) Comparison between present values of  B(E2)(in unit e2b2) for even-even 
 78-84,88Kr isotopes (Theo.) and experimental ones (Exp.) [A.R.Farhan,2009 and N.J.Stone,1998]. The quadrupole moment of 21+ state listed in last line.

	Transition
	78Kr
	80 Kr
	82 Kr
	84 Kr
	88 Kr

	
	Exp.
	Theo.
	Exp.
	Theo.
	Exp.
	Theo.
	Exp.
	Theo.
	Exp.
	Theo.

	21+(01+
	0.13
	0.1041
	0.08
	0.074
	0.0443
	0.0445
	0.024
	0.025
	0.0613
	0.0613

	22+(01+
	0.0033
	0.0
	0.000645
	0.0
	0.00019
	0.0
	0.006
	0.0
	
	0.0

	02+(21+
	0.09165
	0.0003
	
	0.005
	0.0312
	0.0029
	
	0.0016
	
	0.0028

	22+(21+
	
	0.1424
	
	0.1269
	
	0.0743
	
	0.04
	
	0.093

	41+(21+
	0.1716
	0.1424
	0.1505
	0.1269
	
	0.0743
	0.03
	0.04
	
	0.093

	03+(21+
	
	0.0
	
	0.0
	
	0.0
	
	0.0
	
	0.0

	23+(22+
	
	0.0021
	
	0.0302
	
	0.017
	
	0.0086
	
	0.0137

	23+(01+
	
	0.0002
	
	0.0
	0.000728
	0.0
	
	0.0
	
	0.0

	23+(21+
	
	0.0
	
	0.0
	
	0.0
	
	0.0
	
	0.0

	42+(23+
	
	0.0847
	
	0.0
	
	0.0
	
	0.0
	
	0.0

	Q21+
	
	0.0
	
	0.0
	
	0.0
	
	0.0
	
	0.0


Table (4): the ratios of the energy of the level 41 and 61 to the level 21 for 78- 84,88Kr isotopes

	Isotope
	E4+/ E2+
	E6+/ E2+

	78Kr
	2.45
	4.3

	80 Kr
	2.33
	3.88

	82 Kr
	2.3
	3.7

	84 Kr
	2.3
	3.6

	88 Kr
	2.1
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		78		78		78

		80		80		80

		82		82		82

		84		84		84

		88		88		88



eps

a0
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E(MeV)
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				eps		a0		a2

		78		0.27		0.113		0

		80		0.816		0.104		0

		82		0.88		0.136		0

		84		0.9912		0.1451		0

		88		1.4055		0.1209		0
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