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1 Introduction 

One of the most active areas in nuclear struc· 

ture studies centers on the mass·60 nuclei。espe· 

cially on Zn isotopes． In the early work，by means 

of anti-symmetric rotator model with the admixture 

of two quasiparticles， Petroviciet et al[ ] studied 

the positive and negative parity states of 64,66 Zn ， 

and especially gave an explanation of the forking 

existing in the low·lying 8 state．Recently，lots of 

experimental and theoretical studies have been 

d0ne for Zn isotopes[2--7]． The superdeformed 

bands of Zn isotopes were studied by different the‘ 

oretical models such as cranked relativistic mean· 

field theory and cranked Nilssion-Strutinsky mod— 

el[ ．Cranked shell method[。 and projected shell 

model[ ． These calculations reproduced many of 

the gross features found in Zn nuclei． All these 

give us an impetus to do research about Zn isotopes 

by other models．Therefore，the interacting boson 

model(IBM-1)[83 is introduced．This model consid· 

ers correlated pairs of fermions outside a closed in— 

ert core coupled to states of angular momentum 0 

or 2 only，the so called s and d bosons，and carries 

no label to distinguish neutrons from protons．It is 

worth m entioning that the IBM -1 has made a great 
．  

success in medium·heavy nuclei． As for light nu‘ 

clei，the valence neutrons and protons are in the 

same major shell， it is important to introduce 

isospin and pair correlation of proton and neutron， 

so IBM -1 is not often used in light nuclei．In this 

paper， we studied the positive parity collective 

states in the 一 Zn isotopes by this mode1． The 

calculated values are in agreement with data．It is 

found that these even·even Zn isotopes are in the 

transition from U (5) to o(6) dynam ical symme— 

try．The paper is organized as follows~After this 

introduction，we describe briefly the model Hamil· 

tonian and the E2 transition operator in sect 2． In 

sect 3，we give the results and discussion on spec— 

trum and E2 transition properties．Finally，in sect 

4，a conclusion is given． 
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2 The Schematic IBM Hamiltonian 

The general IBM  Hamiltonian contains 7 

terms．For our study，we take the following sche— 

matic Hamiltonian[。。： 

W here 

☆一￡ +尬 ·龟+J_(L￡·￡， 

Q 一 (；+ + +；)z+x( + 

￡ 一 ( 主)：n，x一0． 

)：， 

The meaning of the sym bols is the same as 

those in other papers about IBM ．The program we 

used is PH INTt ，which diagonalizes the Hamil— 

tonian on the basis of U(5)．Because the term KL 

(L · L)is diagonal，it contributes the same to the 

energy levels with identical spin，and is a term ad— 

j usting energy level L．If the boson numbers are 

given， the Hamiltonian is principally determined 

by the two parameters d and K ，and is able to de— 

scribe the transition from 【，(5)to 0(6)．If d= 0， 

then the Hamiltonian reduces to an O (6) limit 

Hamiltonian． If K 一 0，the Hamiltonian becomes 

a U(5)limit，describing the vibrational collective 

motion．Therefore，the ratio of K／~d is a measure 

of the transition from U(5)to 0(6)．If K／~d一 0， 

the Hamiltonian is vibrational，and if K／~d= o。， 

the Hamiltonian is in 7 unstable rotation．If the ra— 

tio lies in between，the Hamiltonian is in the tran— 

sition between U(5)and O(6)．The parameters in 

the Hamiltonian can be determined by fitting the 

experimental spectra． After the determination of 

the spectra，the wave function is determined．The 

electric and magnetic transition properties can then 

be obtained accordingly． For example， the E2 

transition operator is 

(E2)：一e：[(；+ +a+；)：+xO+ )：]． 

M icroscopically，the transition operator can be de— 

rived from shell model mapping procedure[ ． In 

practice，we adopted the consistent Q ·Q Formal- 

ism．As is known，this convention is not an essen— 

tial requirement of model， and sometim es， it is 

even necessary to use a different Q operator in E2 

transition calculation to describe the E2 transi— 

tions． Noticeablely， the reduction in collectivity 

problem can be solved by using an operator in the 

transition different from that in the Hamiltonian． 

However，in many cases，the consistent Q ·Q 

Formalism can give a good first description of the 

E2 transition properties．Since there are few exper— 

imental data available，we adopt the consistent Q · 

Q Formalism in the first place． When there are 

more experimental data on the E2 transition in the 

future，one can fine—tune the E2 transition opera— 

tots to reproduce the details． 

3 Results and Discussion 

In Table 1， we give the parameters of the 

Hamiltonian and of the E2 transition operator in 

each nucleus studied． is taken zero when calcu— 

lating the spectrum ， but varies somewhat when 

calculating the values of B (E 2)．From Table 1， 

Table 1 Parameters of energy level and B(E2)operator 

forZnisotopes 

with the exception of Zn，all parameters change 

rather smoothly． In the lighter even Zn isotopes， 

the value of d increases with increasing mass num— 

ber，until Zn． In the heavier even—even Zn iso— 

topes， d value decreases with increasing mass 

number． It reflects the properties of the change of 

energy in excited states and of shape coexistence 

for Zn isotopes，in other word，so does the trend 

of change from oblate to prolate． W ith the excep— 

tion of Zn，the KL takes a same value，while the 

param eter d varies a little． The energy levels and 

E2 transition values for each nucleus were calculat— 

ed with these parameters． 
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The comparisons between calculated and ex- 

perimental valuesE 2]of energy levels and B(E2)for 

each Zn nucleus are shown in Figs．1— 8 and Table 

2，respectively．In general，the agreement is good, 

especially for the ground-state band levels and be— 

ta-state band levels． However， there exist some 

discrepancies．For most Zn isotopes，the two—pho— 

non states are slightly split in energy，about 200 

keV ，which may be understood by m eans of fl small 

anharmonic term in the vibration． However， the 

three-phonon states have fl much larger energy 

splitting，with value of about 1 M eV．It is difficult 

to envisage such fl large energy splitting can be 

caused by anharm onicties alone，which may be re— 

lated to the excitation of single particle． 
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At first，for配Zn，results obtained in the pres— 

ent work are in good agreement with those of ex— 

periments． The calculated values of each energy 

level of gamma—state band are generally higher than 

experimental data，and the calculations for the ex- 

cited states of the two 0 fit the experimental data． 
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For the ’∞Zn nuclei，especially for髂Zn，the cal— 

culated values are in good agreement with experi— 

mental ones when the energy levels equal about 7 

M eV． It is noticed that the two isotopes exhibit 

backbanding in the ground band，which can be ex- 

plained by the collective backbanding raised by 

Lon ．Recently，the pape~ ]studied the proper- 

ty of the 8 state of ground-state band for Zn， 

and considered the 8 state was isomer because 

B(E2)value from 8 to 6 state is small，with 24 

http://www.cqvip.com


第 3觌 BaiHong-bo etalI Low- ngSpectra andE2TransitionRatesinEven-even“ ‘ZnIsotopesin⋯⋯ ·179· 

e。fro'only．For们Zn，the B(E2)value is less than 

46 e2fm'．so the 8 state of Zn is similar to that 

of 。Zn．In addition，the paPer~ ‘]has discussed the 

property of isomer by using mixed symmetric 

state，so we consider the 8 state of Zn has the 

properties of isomer and of mixed symmetric state． 

In addition，for“Zn，we notice that there exists a 

small energy discrepancy between the 3 state and 

4 state，and the values of B(E2)from these two 

states to 2 state are 1．3 e2fm‘and 1．1 ezfm'，re— 

spectively．In fact，it is difficult to distinguish be- 

tween these two states，so it may be called that 

these two states have the property of exchange． 

From the Fig．4 and Table 2，we find the 3 state 

and the 4 state in ¨Zn possess the property of 

those in“Zn．Because the values of E(4 )／E(2 ) 

of these four isotopes are about 2．3，it is found 

that they are in the transition from U(5)to 0(6)． 
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For仲Zn，Fig．5 shows that the calculated val— 

ues are also in good agreement with the experimen— 

tal data．The 3t state and 4t state are very similar 

with those of“Zn，and the value of E(4}_)／E(2 ) 

is 2，so the 。Zn belongs to vibration limit． M can— 

while，it is predicted that the value of B(E2)from 

the 4 state to the 2 state for Zn is about 615 

e。fm‘．For他Zn，the calculated values are in quite 

good agreement with the experimental data． Be— 

cause the value of E(4 )IE(2+)is 4．1，which is 

higher，this nucleus"has obvious property of rota- 

tion that can be found from the large value of pa- 

rameter K in the calculation of energy leve1． For 

the two 74,76 Zn，the calculated values are also in 

good agreement with the experimental data，espe— 

cially for Zn． For Zn，the theoretical values of 

beta-state band are generally lower than experi— 

mental values．The values of E(4 )／E(2 )of 

‘Zn and Zn are 1．9 and 2．2 respectively，so the 

‘Zn closes to vibrational nucleus，and the Zn is 

in the transition from U(5)to 0(6)． 
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Moreover，distinguishing U(5)or 0(6)limit 

can be achieved from the behavior of low-lying 0 

statesE 引
． In the【，(5)limit，the And一 1 selection 
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rule allows only fl decay from the O；'state to 

2}'state， which can be observed in the three 

‘’ ’加Zn。and these B(E2)values are larger．How- 

ever，in the 0(6)1imit，the Aa一 0 and Ar一 1 se- 

lection rule allows only fl decay from O；'to 2；' 

state，while fl decay from O；'to 2}'state is forbid- 

den．Unti1 now，fl decay from O；'to 2 state for 

一  

Zn isotopes has not been found． Like Cd and 

Sn isotopes，these states of Zn isotopes have rela— 

tion to the excitation of pairs of protons over major 

shell of Z 一 28。which are equivalent to the shape 

coexistence between states of different deforma— 

tion，or contain intruder configurations． 

Table 2 Comparison of B{E2)values in Zn nuclei 

Nucleus Ji ．It Exp(e2fIn．) Cal(e。fm‘) Nucleus Ji Jt Exp(e。fm‘) Cal(e。fIn．) 

‘。Zn 2 o 170．8 200．0 4}_ 2}_ 554．4 408．0 

2 。 4．5 6．0 4 o}_ <2．1 0．0 

2 2 175．2 229．0 4；_ 2 <633．6 251．0 

4 z 379．6 229．0 6}_ 4 237．6 478．0 

4 4}_ 280．8 74．0 8 6 <45．9 451．0 

4 3}_ 102．2 35．0 ‘。Zn 1o 8}_ 205．9 304．0 

“zn 6 4}_ 277．4 156．0 2}_ o}_ 258．9 255．0 

2}_ o}_ 324．0 315．0 2 o}_ 9．1 6．0 

2 oj_ 34．5 11．0 2 o 148．4 107．0 

2 o 1o．7 0．0 2 2 280．3 434．0 

2 2}_ 600．0 493．0 2 o}_ 0．6 0．0 

2 2 195．0 4．0 2 2}_ 19．8 2．0 

o 2}_ 0．9 21．0 2 o}_ 1．8 0．0 

o 2 915．7 522．0 2 2 14．8 0．0 

o 2}_ 255．0 629．0 3 2 98．9 381．0 

3}_ 2}_ 1．3 15．0 4 2 279．0 

4}_ 2}_ 435．0 493．0 o 2}_ 131．9 12．0 

4 2}_ 1．1 11．0 ”zn 2}_ o}_ 359．7 362．0 

4 2 15．0 0．0 o 2}_ 638．9 795．0 

4 4}_ 165．0 249．0 2 o}_ 41．1 58．0 

4 4 60．6 2．0 2 2}_ 1 182．0 615．0 

4 4 < 4．5 3．0 4 2 615．0 

“zn 2 0 283．5 247．0 4 2 68．5 77．0 

2 0 0．5 2．0 4 2 548．2 396．0 

2 z 5 700．0 398．0 4 2 668．1 670．0 

o z 633．6 492．0 3}_ 2}_ 205．6 105．0 

4 Conclusion 

W e have given fl detailed study of the energy 

1evels and E2 transitions in 一 Zn isotopes in the 

framework of the interacting boson mode1．The re— 

sults indicate that 。一’ Zn isotopes are the U(5)to 

O(6)transitiona1 nuclei．M eanwhile，the discrep— 

ancy between calculated and experimental data is 

found，which means that other factors must be in- 

troduced into Hamiltonian， such as pair interac- 

ting，isospin effect，high angular momentum boson 

and so on． 
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6Zn核的低能谱和电磁跃迁的相互作用玻色子模型 ’ 

白洪波 ，刘凤英 ，李岩松 ，周光荣 ，张进富 

(1赤峰学院物理系，内蒙古 赤峰 024001； 

2清华大学物理系，北京 100084) 

摘 要 ：采用相互作用玻色子模型研究 了 Zn核的低能正宇称态的能谱和 电磁跃迁．应用一个 

简单的哈密顿量能够较好地描述它们的能谱和电四极跃迁．研究表 明，s。一 sZn同位素核基本上属 

于 U(5)到 0(6)的过渡核． 
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