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Abstract From the shell model configurations，valence nucleon effective interactions and 

fermion E2 transition operator．the sdgIBM 一1 Hamiltonian and boson E2 transition operator 

are derived micoscopically with the help of Dyson boson expansion technique． Spectra and 

reduced E2 matrix elements are calculated for the 。 ， 。。， Os isotoDes
． Present theoritical 

results fit experimental data quite wel1． 
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1 Introduction and apply it to the 。。· 。。· Os isotopes 

Properties exhibited by the 7-soft 0s nu一 2 Theory 

clei have attracted the attention of theoreticians 

and experimentalists for many years[1 引
． De— 

scription of these transition nuclei has been one 

of the most challenging tasks for collective mod— 

els of nuclei．Among many models which have 

been applied to describe these nuclei，the phe— 

nomenological interacting boson model fIBM1 

seems rather satisfactory． In tile earlier IBM 

work，the Os isotopes near 190Os were analyzed 

by Casten ez al-I4J as an illustration of 0(6、 
to SU(31 transition． The calculations could 

produce reasonable agreement with the exper． 

imental data． However．there are still more 

works[0，b。，which suggest to include the hex- 

adecapole degrees of freedom． In fact，an ex- 

tension of the sdIBM to include g bosons has 

proved to be quite successful indeed in view 

of Lac and Kuyucak’s results[7J
． The success． 

ful phenomenological description of these[ran— 

sition nuclei invokes us to study its underlying． 

In the present paper，we extend one of the mi- 

croscopic approaches of sdIBMIsJ to the sdgIBM 

2．1 Fermion description 

As the background of present work，the mi— 

croscopic approach can be found in Ref．(8)．The 
outline is introduced briefly with emphasis fo． 

cused on the extension． 

Assume that there are z valence neutrons 

and z valence protons in a nucleus moving re． 

spectively in k and k single—particle orbitals， 

the shell model configurations．then are 

( 1，i2，⋯ ，ik) ；(／i， ⋯ ， ) (1) 

where i stands for three rotationally invaxiant 

quantum numbers nlj of a single．particle state． 
Let a +

， a ， a 
+
and a denote re— 

spectively the creation and an nihilation oper． 

ators of valence neutrons and protons，m the 

proj。ection of the angular momentum，and let 

10)be a closed shell state with z=z =0，then 
an arbitrary state vector in the state space of 

valence nucleons can be expressed as 

∑ c出)+n +．． 
az，pl···p ， 

·
a +a a 

⋯ a +1 

where c is combination constant，and ， stand for single—particle state(im) 
Consider a valence nucleon Hamiltonian which takes a general form 

Hf= “ +日5 + “ ) 
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： ∑ )a )+a )+∑ a )+a a )a5 ( =n，p) 
~；376 

“ 

= ∑ a )+a a ) 5 
0口 6 

where 6 and represent matrix elements of the interactions． 

For a。。many fermiOIl system the E2 transition operator iS defined as the following 

= ∑ e ∑ (i m lr Y2 li。m。) j a 。 

2．2 Boson description 

The fermion description of the system is 

transformed into an ideal boson description by 

means of the Dyson mapping．The transforma- 

(4) 

(5) 

(6) 

after we define the creation operator of Q— 

bosons in a linear combination of the ideal bo— 

SOIl creation operators 

n。perat0r[9 takes t he f
．
orm Q =∑z Ⅲ + ∑

A n na 

U=(01e卵 l0) (7) 

then the boson image state l )of a fermion 

state l )is determined by the operator U， 

l砂)=Ul ) (8) 

and the counterpart OR in the boson space of 

an arbitrary fermion operator Of can be deter— 

mined by the following relation， 

UOf：OBU (9) 

Excitation modes describing the low—lying 

collective states must be low．energetic，there一 

(10) 

where r stands for the ordering of energy of 

Q—boson，丌 and J represent parity and an— 
gular momentum respectively} 、 is the 

structure constant．According to the dynamic 

propertiesIs]
，

z Ⅲ )and the anergies of Q— 

bosons can be determined．The lowest—energy 

Q—boson of difierent angular momentums would 

be suitable for describing the low—-lying collec—- 

rive states，SO this kind of Q—bosons are taken 
as phenomenological bosons 

s( )：Q ； d )=Q ； g )=Q (11) 

Once the S，d and g bosons have been de— and two—body interactions，and boson E2 tran— 

termi ned，one can arrive at the most general sition operator as well in the sdgIBM一2， 

Ha础  nian wi也 au p0ssiMe0ne。b0dy 姗  h。dg= h + h ( p + h 

= ∑ e (s( )十 ( )+d( )+ ( )2 +z (d( )+ )2 
= n·P 

+z ’(d( )+ ( +夕( )+ )2 +dT(g( )+ ( )2 ] 

where the coe佑cients 

quadrupole operator， 

{z( )) 

三∑ e Q 
z n．P 

(12) 

(13) 

can be 0brained after the Dyson boson expansi0n，Q is boson 

Q =(s( )+ +d( )+i( )2 + i (d( )+ ( )2 

+x (d( )+ ( +夕( )+ )2 +x (夕( )+ ( )2 

Comparing Eq．(13)with Eq．(14)，we get 

e )=e! )z ， 

(14) 

(15) 
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， 、 ，_
( 

， 、 

)( = ； )( 

；／5 02 

24 ⋯  

where c ‘ (盯=n，p)is boson effectivc chargc
． bcr respectively． After ttle full symmtry ap 

The dimensionality of sdglBM 2 space is 

nmch bigger than that of sdgIBM．1 space．Ill 

order to make the problem easier．it is conve— 

nient to take advantage of the full-symInetry 

approximation denoted by the maximunl F— 

spin quantum nlnnber，Fmax 21(Nn+Np)， 
where NtI j NI)are neutron，proton boson ilUln— 

proximation，one can obtain the most general 

Hamiltonian[10,ii]and E2 transition oDerator in 

the sdglBM一1， 

hsdg=， scl+hg+h(sd；g) (17) 

=e Q 

where Q2 takes the same form as Q2：’ 

e =  
II)+ B p) 

Coefficients in tile quadrupole operator(22 are determined，i．e 

一  N ， ㈦  3 一 
Ⅳ e ‘n +

pe 

(p) ’ 一 。 (20) 

Up to now．the sdglBM一1 Hanfiltonian and for 。 ， 。。， 。Os isotopes are listed in Table 2 

boson E2 transition operator have already been 

obtained microscopically． Therefore，we can 

study the E2 or other properties in the frame— 

work of sdglBM一1． 

3 Application of the extended ap— 

proach and discussions 

Now we apply the microscopic approach to 

the Os isotopes． For 192，190， SSOs there are 6 

proton—holes in the 50 ～ 82 m or shell and 

10～ 14 neutron—holes in the 82～ 126 major 
shel1．As inputs of the extended approach，the 

single particle energies we adopted[ ]are as fol— 

lowings：(in MeV) 
E217／2 = 0．00，Eap3／2： 0．30，Elh。／2 = 2．20， 

E21 ／ = 3．50，Eli。3／2= 3．60，Ear。／2= 4．60； 

E1 7／2 = 0．00，El／'5／2= 0．32，Ell ／2= 2．32， 

E2d3／2= 2．84，Ea l／2= 3．21． 

The valence nucleon effective interactions，also 

inputs of the approach，are taken as the fol— 

lowing type． The interactions between alike 

nucleons consist of pairing force，quadrupole 

pairing force and quadrupole—quadrupole force j 

the neutron．．proton interaction is of quadrupole-- 

quadrupole type．The interaction strength pa- 

rameters are labeled as g ’
，

G ’
，
to( ( = 

n，P)and llp accordingly． Their values are 
listed in Tabh：1．The fermion effective charges 

Table 1 The parameters of valence nucleon 

effective interaction．(keV) 

Table 2 Nelltron(proton)effective charge e “’ 

(e! )and the coetIicents of boson E2 transition 
operator for 。 · 。。 Os 

In the framework of the extended approach 

mentioned above．the sdglBM．1 Hamiltonian 

and boson E2 transition operator have been ob— 

rained．32 coe伍cients in total in the Hamilto— 

nian and 4 coe伍cients including boson effective 

charge in the E2 transition operator are cal— 

culated sin1u1taneouslv．The coe伍cients of E2 

transition operator are listed in Table 2．Boson 

effective charges determined microscopically are 

close to those adop ted phenomenologically in 

Re￡j7I． 

The spectra in the microscopic calcula— 

tions for 192，190，188OS exhibit almost the same 
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level structures．aS an example shown in Fig．1． 

The energies of low—lying states in the ground 

band are reproduced quite wel1．while in th,、 

sidebands．the fitting iS not aS good as th 

in the ground band． But generally speaking． 

the fitting between the present calculation all{1 

the experiment is satisfactory． In the micro- 

scopic sdIBM．1 approach all the theoretical en— 

ergY levels are much higher than experimental 

ones．especially in the sidebands．After the ex— 

tension to include bosons the improvement, 

has been achieved．For all the energy levels i11 

the Fig．1．the mean deviation in the sdglBM一1 

f≈ 0．198MeV1 iS almost half of that f≈ 0．336 

MeV1 in the sdIBM．1． The present theoreti— 

cal spectrum has also shown major characters 

Deal：0(6)limit in sdIBM一1，such as stagger— 
ing in the quasi一 band and quadruplet 6i_，4 ． 
3 and 0 ．So one can think although the ef- 

fects of g bosons are really important to some 

specific properties the main components in the 

wavefunctions are still those near 0(6)limit in 
sdIBM．1． 

> 

暑 
、、  

∞ 

Fig．1 Spectra obtained from microscopic 

cMculation and experimental data for 。。Os 

Table 3 Absolute values of reduced E2 matrix elements of 。 Os fin eb)．The experimental data are 

taken from Ref．[1 3] 

Exp Cal 3 一 3 Ca1 

1．457士 0．018 

2．115(+
一 0

0．0

04

3

4
8) 

2．93(+
一

00．010

8) 

3．58(t
—

O0．．1

l5
7) 

1．224(± ： ：) 
0．425(+

一 0

0 ．

_0l

00

4
8) 

0⋯ q ~、／+
一

O0．．012

7) 

0．o66(± ；) 
0．449(+

一

00．0

0

4

5：) 
1．35(± 
1．637士 0．050 

0．125(+
一 0

0．0

0

1

l0
8) 

0．40(t
—

o0 ．2

1

0

8) 

1．404 

2．309 

2．995 

3．508 

1．575 

0．040 

0．171 

0．472 

0．418 

1．603 

1．806 
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6 

4 

4 

4 

3 

2 

2 

2 

4 

6 

8 

101+ 

2 

1．49(t一0u．2a0u) 

⋯

2 n~ 、／+
一 0

o．1

l

3

7) 

0．067士 0．076 

1．19士 0．22 

1．63 

0．79 

0．113 

+ o 
一 0 

+ o 
一 0 

+ o 
— o 

；：) 
：：) 
：嚣 

1．21士 0．18 

0．73(+
一 0

0．

．

1

l0
5) 

1⋯la、／+
一 0

0．2

3：) 
1_31(±躲：) 
(一2．3—0．4) 
0．98士 0．10 

1．702 

2．581 

0．164 

1|585 

1．707 

0．009 

0．080 

0．729 

0．980 

1．223 

1．430 

1．626 

0．480 

Table 4 Absolute values of reduced E2 matrix elements of 。。Os fin eb)．The experimental data are 

taken from Refs．[14，15] 

1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 

町时 时 时时 对对时 

叮对  对 对 时  对 对 对 

1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 1． 

对 时 时 时 
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In the theoretica1 spectrum，6t，4j_and 
at 1ooks as a group while 4 and 2j_as another 
one，and 0 1ies between those two groups．This 

phenomenon indicates the admixture of some 

components of Uf51 1imit in 0j_state．One can 

confirm this point of view through the analy- 

sis of(0+IIT(E2)II2 )．The Os isotopes near 
9oOs were analyzed by Casten et a1．【4j as an 

illustration of 0(6)to SU(31 transition in the 

sdIBM．(0 lIT(E2)I I2j_)in either the 0(6)limit 
or tile su(31 1imit should be zero while in U(5) 
1imit not． The calculated reduced E2 matrix 

elements are 1isted in Tables 3～ 5 compared 

with the experimenta1 data．Froln Tables 3～ 5 

one can find the experimental(0+IIT(E2)I I2 )s 
are really very smal1．However，the calculated 

(0十IIT(E2)I I2 )s are nearly 5～7 times of those 
experimenta1 ones．it reflects the afiection of 

components of U(51 1imit．However such affec— 
tion also exists in the microscopic sdIBM一1 and 

is not decreased due to the extension．Maybe 

some other degrees of freedom are needed in de— 

scribing 0t such as the influence of d’bosons． 

Table 5 Absolute values of reduced E2 matrix elements of Os fin eb)．The experimental data are 

taken from Refs．[15，16] 

The experimenta1 results show that the in— 

band transition is strong while the interband 

transition weak．The calculated results，given 

in Tables 3 ～ 5．show that such features of 

transition properties for 192，190，188 0s&re wel1 

reproduced by the present microscopic calcula- 

tions with a few exceptions． Nevertheless we 

notice that tile present results are much simi lar 

to those of phenomenological sdglBM一1 study 

by Lac et a1．1‘ ． It me&as that the resulting 

wavefunctions describe the excited states wel1． 

In summary i,the achievement n calcula- 

tion of spectra and the reduced E2 matrix ele— 

ments in tile Os isotopes indicates the success of 

the microscopic approach．The present exten— 

sion has improved the fitting of spectra and tile 

reduced E2 matrix elements between the calcu— 

lation and the experimenta1 data．At 1ast．it is 

worth to point out that the extension has pro- 

vide a reasonable underlying of the phenomeno- 

1ogica1 sdgIBM一1． 
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