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1.	 INTRODUCTION

~t 

~ 
Bosonic description of nuclear properties has become very

'\ li-
popular in recent years / 1 / • However, in order for such a treat­

-, -,
 
\)
 ment to be useful in practice, it must satisfy the following 

\c. \ r equ i rement.s : 
\ -,	 ( 

ll"t" ..	 ' . r/ 1)	 The bosonization procedure must be dictated exçlusively 
by the mapping of fermion operators, i.e. once the boson 
images of fermion operators are found, it must be possible 
to obtain ail the necessary physical jnformation within 
the space of simple boson states; 

" 

'I 

;/ 'I 2)	 The mapped boson operators must preserve the pro~erties of 
the original fermion oper ators, i. e., for example, a her­
mitian or.e-plus-two-body fermion Hamiltonian should be 
mapped onto a hermitian one-plus-two-body boson Hamilto­

.-..------'"-' . (~ ~ nian; 
3) There must exist a relatively small boson subspace in whichr 

(a	 part of) the complicated fermion dynamics can be well 
reproduced; 

4)	 The boson states spanning this subspace must not be conta­
minated by spurious components, i.e. every boson state 
must have its counterpart in the original fermion space. 

t
I, To meet alI these requirements simultaneously is a very diffi ­

( cult problem which has only been solved in certain model cases 

I
tI up	 to now/2 I. Recently, we have demonstrated 13.4/t ha t the con­

ditions 1)-4) can be satisfied in some realistic situation 
as	 well. Our a~ptoach is based on a combined use of the exact 
Dyson mapping l I of the shell-model Hamiltonian and an appro­
ximate treatment of the resulting boson Hamiltonian in the 
framework of the mean field techniques/6~/. This procedure has 
been shown to describe successfully the energy spectra l 3,f as 
well as the electron scattering form factors / 4 ! for the\ 

J 
0\ -+ 0+ and 0+ -+ 2 + t r ans í t í.ons in 2O'Ne and 24 Mg • Here we ex­
tend the relevant formalism to nuclei with n i n and applyrr v
it	 to 18 O. r;~"": ,-. '--' ­I,' ,1.,..', I "11'}(.;'!~I1'~~\nr t :mCTlJ'ti'fi'I' 
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2. THE EXTENDED MEAN FIELD APPROACH 

We start from the microscopically derived boson Hamilto­
nian 

" - L E~:~dBJ~Mr(ab) BJTM/cd) +HB-JTMr 
abcd 

(1)
-JT 

+ L L ~ ~ WJ 1T1J 2Tl3 T 4Ti a b c d e f) x
3JJ T T JT

1J2J 3J4 1T2T3 4abcdef 

+ + JT - ~ JT 
x ([B;r T (ae)x BJ T (bf)] . [BJ T (de)xBJ ),4T4(cf)]11 22 33 . 

where the functions E~J'cd' W.J.~. (abcdef ) are fully specified 
in terms of the quantities characterizing the original fer­
mion system, i.e. the single-particle energies and the matrix 
elements of an effective nucleon-nucleon interaction. For de­
tailes and notation we refer the reader to ref!3/ . 

The mean field approach in the boson picture/ 6 / assumes 
a definite form of the ground-state (GS) wave function. For 
the presetrt system of n 17 protons and n v neut rons (fi 17 :f. nv , 

even) we propose to represent the ground state by then17 , nv 
fol10wing axially symrnetric boson condensate 

. 1 + N 1 + NOIG S • K = O, MT ) B = (B ±1) (B O) I O ) B ' (2)
y'N 1 ! No ! 

where 

B+ 
= L X (r) (a b ) B + . (a b ); r = O ± 1 (3a)

r JT JTOr ' JTab 

1 I 1 (3b)N 1 = 2" n v - n 171, No + N 1 = 2 (n17 + llv ), MT = ± N 1 

and the sign + (-) holds for nv > n 17 and nv ,< fi 17 , respecti ­
vely. Our assumed form of the GS wave function thus corres­
ponds to the situation when protons are first paired with 
neutrons to generate No 17v-bosons with isospin projection 
r = O, while the remaining 2N 1 = In v - n 17 I identical nucl e ­
ons give rise to N

1 
vv-bosons (r = +1) or 1717-bosons (r ~-1). 

The totdl isospin projection of the state (2) is then clear-' 
ly MT =+ Nl' -N 1 for llv> n 17 and ~ < n TT ' respectively. This 
concept of building the GS wave function should be contras­
ted with the usual approach/ 7/where only identical nucleons 

... 

are paired to give 1717- and vv -bosons. The latter approach 
can be well justified in heavy nuclei where protons and neut­
rons occupy very different single-particle orbits. However, 
for applications to lighter nuclei with protons and neutrons 
filling the same shell, the explicit inclusion of 17v-bosons 
is expected to be importante 

The amplitudes X(r)(ab), appearing in (3a), are determined 
variationally by miJlmizing the expectation value of the 00­
son Hamiltonian (1) in the model ground state (2). This leads 
to the following system of coupled non-linear eigenvalue ·equa­

• (O) (1)t t.ons for X J T (a b ) , X J T (a b ) 

(O) (O) (O) 

J;' hJTab,J'T'cdXJ'T,(cd) = fOX JT (ab), (4~) 
cd 

h(1) (1) (1) 
~ JTab,J'T'cd XJ'T,(cd) = f 1 XJT (ab), (4b)

J'T'
 
cd
 

(O) _ o o .JT 
h J T a b, J'T' cd - JJ,' TT' E abcd + 

I (No _l)G(abCJTJ'T') (O), X(O) (eg)X(O) (fg) ++ oab ~ efg J T J T J T J TJ T J T 1 .1 2 2 1 1 2 21 1 2 2 (4c)
efg 

(abcJTJ'T') (1) ,(1) 
+ 2 N 1 . G efg J T J T ( 1) X J T (e g ) X J T (f-g),

1122 11 22 

(1) JT
 
hJTab,J'T'Cd = oJJ' 0TT,E abcd+
 

+ o ~ 12N dabcJTJ'T') (O) (O) 
ab J O efgJ (1)· X J T(eg)X J T (fg)+ 

1T1J 2T2 1T1J.2T'2 1 1 2 2 (4d) 
e f g 

(abcJTJ'T') (1) (1) 
+ (N1-1)GefgJ1T1J2T2 (2)X T (eg)X T (fg),

J J1 1 2 2 

where 

G( abCJTJ'T't (R)
 

I 

efg J 1 T1J 2T~) = ~ g J 1T1J'T'J T JT( ecafgb) < T 10 T'O I RO> <T2oro I RQ >
 
" 

2 2 
.'j 

J 
(abcJ TJ 'T' ) (R)
 

G "1) - ~
 
efgJ ~ -R gJ TJ'T'J T JT(ecafgb),<T11T'0/R1><T 1TOIR1>1T1J 2T 2 1 1 -2 2 2l' 
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a(abCJTJ'T') (2)=~ g(R) " (ecatgb).<T 11T'l! R2> _< T 21T11 R.2 > ergJ 1T1J 2T 2 
R J 1T1JTJ 2T2JT 

and 
(R) 

gJ T JT (ecafgb) = 
1T1J'T'J2 2
 

~WLR L+R

L J T J'T'J T JT (ecafgb)(-) . <J10J'0\LO><J 20JO\LO>
 

1 1 2 e
 

with the functions W;~ J'T'J T JT (ecafgb) appearing in the 
1 1 2 2 

bosQn Hamiltonian (1). The system of equations (4) is solved 
using standard iterative techniques. Toget?er with x~~ (ab) 
one obtains simultaneously the solutÍons aX(T) (ab) orthogo­
nal to xj~ (ab), JT 

~ O"X(r) (ab)X(r) (ab) = 0, (5) 
JTab JT JT 

which will be useful later. (r) 
Once the GS-structure-amplitudes XJT (ab) are determined, 

we use the Tamm-Dancoff (TD) approximation to construct the 
excited states / 6 • 7 / • This amounts to diagonalizing the boson 
Hamiltonian (1) in the "basis" 

1 + + N1 -1 + NO
 
\(±l),K:JO, MT;JTab)B= (B o ) 10)B
BJ TK+ 1(ab)(B ±1) 

-J(N C1)!No ' 
(6) 

1 + + N1 + NO -1 
[(O),K/= O,M T; JTab)B= BJTKO(ab)(B+l) (Bo ) 10)B 

-yN l' (No-1)' 

in which one of the bosons building the condensate (2) has 
been "broken" and promoted to an excited configurat·ion with 
angular momentum projection K F o. For K = O, the correspon­
ding "basis" is given by 

+ + No+ N1-l1 B±l(a)(B±l) (B o ) 10)BI (±l),K:::: 0, M T;O")B:::: vI(N
 
\ C1)!No
 

(7)
1 + + N 1 + NO-l 

I(O),K=O,M!J';a)B:::: Bo (O")(B+J (B o ) \O)B' 
. JNl' (~ -1)' ­

... 

where 
+ 

BT (O" ) = ~ 
JTab 

o X( T ) 
JT 

(a b ) B + (a b ),
J TOT 

T :::: 0, ± 1 

+ 
are the toson excitations orthogonal to B T /see eq.(5)/. The 
eigenvectors resulting from the diagonalization then define 
the i-th excited state in the form 

li,K:f 0, M)
T B 

= ~ {a(i) (±1)1 (±l)K:f O, M
T 

;
JTab JTab 

(i) 
+ a J T ab(O)I (O), K:J O, MT; ab JT) B l, 

JTab)B + 

(8) 

(i) . 
+ aa­ (O) f (O), K:::: °,MT ' O" )B L 

I . ~ - { (i) I )l;K=O, MT)B= ~ , ao (±1) (±1), K=O, MT; 0"­ B + 
o 

(9) 

The ground state (2) as well as the excited states (8),(9) 
represent what is ussually called intrinsic states / 6 •7 1 ,from 
which the actual nuclear states with definite angular momen­
tum and isospin are obtained by projecting out the desired 
componente In the following we will try to describe some of 
the nuclear properties in terms of only three intrinsic 
boson states, namely 

I 1 )B == Ias; K :::: 0, M T) B 

I 2)B == I i:::: 1; K = 2, MT)B (lO) 

I 3)B == I i :::: 1; K :::: O, MT )B ' 

I
li 

,.\ 

r 
:1 

5 

corresponding to the ground-, Y- and J3 -bands 18/, respectively. 
As will be seen, these states are sufficient to provide a 
good approximation both to the low-lying energy spectra and 
to the electron scattering form factors for the O+~ 0+ and 
O+~ 2+ transitions in 18 0 . 

In order to be sure that the boson states (10) are indeed 
physical, we construct their fermion analogues with a fermion 
pair operator on place of each boson operator and diagonalize 
the corresponding norm matrix <ÀIÀ'>F' À = 1,2,3. For the 
parameters described in sect.3 we have found that this ~at­
rix has no zero eigenvalues, which means that the ~espective 

4 



fermion states are linearly independente Consequently, they
 
can be put into one-to-one correspondence with the boson sta­

tes (10), thereby quaranteeing that the results obtained from
 
the boson calculation are physically meaningful.
 

3.	 APPLICATION TO 180 
\,1 

The extended boson formalism developed in the preceding J, 
section has been applied to the study of the electron scatte- • 
ring forro factors for the 0+-+ 0+ and 0+-+ 2+ (i = 1,2,3) tran- (J 
sitions in 18 0 • Electron scattering form factors are generally

.d d 19 I •d' f	 .conS1 ere to prOV1 e a str1ngent test or our concept10ns
 
on the structure of nuclear states because the momentum trans­

fer dependence of the nuclear matrix elements contains much
 
more detailed information about this struciure than the ener­

,	 18 
gy levels and electromagnetic rates alone. The nucleus O
 
has been chosen because of a considerable amount of experi­

mental data and shell-model calculations available I 10, 11/.
 

Although the shell-model treatment proved to be rather success­

ful in réproducing the gross features of experimental data,
 
it remains unable to account for certain subtleties such as
 
the structure Df the low-lying collective states. This can
 
most likely be attributed to the fact that the above shell ­

model calculations were performed within the (Od'5/2' Is 1/ 2 ,
 
Od 3/ 2) config~ration space (hereafter called the restricted
 
single-particle space), thereby neglecting possible excita­

tions of the closed-shell 16 0 core. In fact, it has been
 
known for a long time / 12 / that an "effective" nucleon charge
 
must be used in shell-model calculations to provide an appro­

ximate way of allowing for polarization of the core. Recent
 

,investigations have shown/ 13 1 that the core polarization ef­
fects may indeed be important if one is interested in a cor­
rect description of electron scattering form factors. In prin­
ciple, it is possible to take into account the excitations 
of the core by enlarging the shell-model space involved 114~ 
but such calculations become prohibitively time consuming 
even for a small number af additional configurations included., 
On the other hand, the present approach allows one to consi­
der all nucleons to be active in the space consisting of .~. 

0811 2 , OP3/2' (.}P1l2' Od 5 / 2, Is 1/2' Od3/ 2 orbitals (hereafter J 
referr~d to as the full single-particle space) without any 1 
serious computational difficulties. Of course, this calcula- ~~, 

tion is no longer'exact in the shell-rnodel sense but, as will ~ 
be seen, this drawback is overwhelmingly exce~ded by tQe possi­

bility of ~ncluding a larger model space. Moreover, there is 
no rteed to use ~n effective nucleon charge instead of the 
bare charge of a proton. 

The energies associated with the single-particle orbitals 
given above are taken from ref./ 15 / • The nucleon-nucleon in­
teraction is that of ref. 116/ with the parameters Vo = 
= 68.3 (MeV fm3 ) TI = 0.294, fl = 0.495, Çl = -1.21, Ç2= 0.16, 
determined by the way proposed in/ 3 / . Theoscillator length 
parameter is b = I. 71 frn, 

In order to estimate the role of the 16 0 core in the desc­
ription of 180 , the calcul.ations have been carried out twice. 
In the first calculation (referred to as BI in the following), 
all nucleons are allowed to be active in the full single­
particle space defined above. Correspondingly, the boson num­
bers No, N1 in (2) take the values N o = 8, N 1 = 1 Isee (3b)/. 
In the second calculation (hereafter referred to ~s B2), only 

16 0the particles outside the inert core are taken into ac­
count, so that th~ nucleus 180 is treated as a one-boson system 
(No = O, N 1 = I). ' 

The results of our catculations are sunnnarized in figs.I-5. 
In fig.1 we compare the experimental excitation energies of 
the low-lying even-parity states in 180 with those resulting 
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t.from the Bl and B2 calculations, respectively. As is seen from 
the figure, the results of the Bl calcu~ation agree quite well ,'.

r~
with the experimental spectra, whereas the B2 results are much 
worse. This indicates that the role of the core excitations 
in the description of the low-Iying spectra of 18 0 is non­ " 
negligible. In the following we pay attention to the 2~, 2~, 
2~	 states .and examine their structure by studying the respec­ 'I'.tive electron scattering forro factors. Our interest in the 2+ 
states is motivated by the fact that the low-Iying quadrupole 
states havealways played an important role in nuclear spectro­
scopy/12/ but a detailed understanding of their structure is 
still far from complete/ 11/.In figs.2-5 we show the ~aleulated 
forro factors both for the elastic scattering (fig.2) and for 
the excitation of 21, 2;, 2; states (figs.3,4,5) in 180~ The 
solid and dashed curves eorrespond to the Bl and B2 calcula­
tions, respectively. While the Bl results are in a good agree­
ment with experimental data, the same is not true for the B2 
results. This is eonsistent with the above suggestion that the 
core exeitations are important for a correct description of 
the low-Iying states in 18 0 . It is also apparent from figs.2-5 
that the cor~ polarization effects are essential in alI three 
of the excited 2+-states and even in the ground state. 

4.	 CONCLUSION 

We have shown that the mieroscopic boson approach proposed 
in /3/ and extended here to proton-neutron systems with n7TF I\J 
provides a powerful tool for obtaining a reasonably accurate 
description of the observed data on the elastic as well as 
inelastic (0+ -+ 2 ~ electron scattering forro factors in 18 O. 
The main advantage of the present approaeh consists in that it 
can be applied without any drastic increase of computational 
effort to situations in which the large-scale shell-model 
calc~lations are hopeless. 

In view of the achieved success, it is desirable to extend 
our method to odd-A nuelei as well as to apply it in other 
regions of the periodie table. Df speeial interest is an appli ­

Ication to medium mass'and heavy nuelei for which there exists 
a highly successful phenomelology due to the interacting bo­
son	 model (IBM)/17/. Taking into account the results of out ;j'investigations, the present approach seems to be well suited 
to provide a microscopic understanding of this phenomenolo­ '1gical success in terms of a large number of nucleon configura­

i
tions. Work on this subject is now in progress. I 

· I 
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KyXTa P. E4-81~153 
~I(TOPW 3lIeICTpoHHOro pacce"HM" Ha ISO 
a nPtt&1M_M I5oaOHHOro CJ)e,qHero\ non" 

npeAllaraeTCJI paCliMPeKHWA l5oaOH.....A noAXOA Cpe,qHero nonJi K QI1MCaHMIO 
npoTOH-HeATpoHlM)( ewcTeM CD" '" Dv. Pacc~MTaHW 8HepreTM~eCKMe cneKTPM M 
toPMtaICTOPM AIlA 8neICTpoHHOro pacceAHMA a 0+ M2+ COCTOJlHMA UO. EenM aaJlTb 
OAHO~CTM~HWe ypolHM Ma HM*aAuMx Tpex rna~ oc:qwnnATOPHWX o6ono~eK MC~M­

TaTb ace HYICl'lOt4lll aKTMaH...... nony~eTCJI xopcaee cornaewe C 8KcnePMM8HTMbHlil­
..... MHHIoI...... PeaynbTa,. .. TaDe CJ)alHwBaIOTCJI c peaynbTaTaMM. non,"'HHWMM • or­
paHMYeHHOM noAnpoc:Tp,,"CTIIe ad -o6ono~KM. 3TO AaeT a03MOIIIHOCTb oqeHMTb 3_K,... 
IIQ~ eoa6)'WAeHMii oCTOBa HID, H,iIIAAeHO, ...TO 3TMMM 3$111eKTeMM npeHe6pe~b 
HenbaA. 

Pa60Ta awnonHeHa • na6OpaTOPMH TeopeTM~ecKQA $MaMKM OMRM. 

Coo6u&.-~~ UIIJIUoIlt 1ICCII1I/lO-a. Jb'&m 1911'7 

Kuchta R. £4-87-753 
Hean Field Boson Treatment of the Electron ScatterIng
Fon. Factors In I8Q 

An extended ~n field boson approach to proton-neutron systems with 
D" ~ Dv Is proposed and applied to calculating the energy spectra as well 
as the electron seatterlng form factors for the 0+ .. 0+ and 0+ .. 2+ transi­
tions ·In ISO. Provided the sIngle-partIcle orbitals are taken from thelaw­
est three major oscIllator shells and all nucleons are allowed to be actIve. 
the agreement wIth experImental data Is very good. The results are also com­
pared with those obtained In the restrIcted sd-shell subspace, whIch enables 
one to estImate the effects of possIble excItatIons of the ISO core. It Is 
found that such .ffects are non-neglIgible. 

The Inyestlg~tlon has been perfonmed at the laboratory of TheoretIcal 
PhysIcs, JIMR. 

C , I ........ of u..JaIDt, IIiIIU&ut.e far Nuc:IIIK a-n:b. Dua-1..., 
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