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Original scientific paper 

We have constructed Schwinger realization for SU (6/4) supergroup, associated 
with coupling j � ; fermioii to th� SU (6) boson core. 

Using holomorphically-parametrized generalized coherent state and the expli­
cit form of root vectors, a single deductive inference is recently presented 1 > for 
Schwinger realization (Interacting boson model-IBM2>), Holstein-Priniakoff reali'."' 
zation (Truncated quadrupole phonon model-TQM 3>) and Dyson realization (Fi­
nite quadrupole phonon model-FQM). 

The Schwinger r�ization of SU ( 6) quadrupole collective algebra reads 

q!R = s dt +  �s 
J,:R = i (sdJ - std11)

i [q,., p,.,)5R = a+a+, + d±,du - 2C,µp ' sts 'P 'P, ·" 

[q,., qp
']SR = dtdµ' - dt,dµ• 

<D 
(2) 

(3) 

(4) 

* Assisted by U. S.-Yugoslav Joint Fund for Scientific and Technological Cooperation, 
in cooperation with the U. S. National Science Foundation under Grant JFP-381/NSF. 

FIZIKA 18 (1986) 4, 413--416 413 



KYRCHEV AND PAAR: GRADED SCHWINGER REALIZATION . . .

Here s+ and dt are creation operators of s and d bosons, respectively, 

d! = (-)P d_t and N = 1: b!bµ . 

In the present note we present an extension of Schwinger realization to the
U (6/4) supergroup, which corresponds to j = 3/2 fermion coupled to 0 (6) bo­
son core4

-
6>. 

. The SU (6/4) graded algebra is generaJ:ed by a set of 99 operators in canonical
form, { s;, p, q = 1 ,  . . .  , 10}, with standard commutation/anticommutation relations
for the Lie bracket [S;, s:] (Ref. 7). Indices in the range n = 1 ,  . . .  , 6 and 6 ++ -r = 7, . . .  , 10  (-r = 1 ,  . . .  , 4) are referred to as even and odd, respectively. The
corresponding grading is deg (n) = 0 and deg (6 + i:) = 1, respectively. Genera­
tors s; are referred to as even and odd for deg (p) + deg (q) = 0,2 and 1 ,  res­
pectively. 

In order to obtain a convenient form for microscopic mapping, we transform 
the generators { s;} into a new set of generators which explicitly separates the 
SU(6) EB SU (4) subalgebra, with the appearance of the 6 x 6 and 4 x 4 trans­
formation matrices of the Cartan-Weyl canonical form associated with SU (6) 
and SU (4) algebra, respectively. In the next step we introduce the l x 1 0  one-row 
matrix Ct for the supermultiplet 

"+ - +a.i, a+ a+ a+ a+ + + + + .,, · - s -2 -1 o 1 2 a-3/2 a-112 a112 a312 · (5) 

Here st and d! denote creation operators of s-boson and d-boson angular with 
momentum z-component µ = 0, ± 1 ,  ±2, respectively, and a! the creation ope­
rator of j = 3/2 fermion with angular momentum z-components m = ± 1/2, ±3/2. 

In this way we obtain 
1 Eri = -= stdu,

v12  
a =  l ,  . . .  , S ;  µ = O, ± 1 ,  ±2 (6) 

E,,, = 
V
l d! d,,,
1 2  

a = 6, . . .  , 15; µ, v = 0, ± 1, ±2 (7) 

1 H1 = ----=  (st s - d_2 d_2) (8) 
2 V 6 

H2 = � (st s + d!.2 d_ 2 - -2d! 1 d_ 1) (9) 
6 V 2 
I 

H3 = 1 2  (st s + d!2 d_2 + d! 1 d_ 1 - 3d!d0) ( 10) 

H4 = 
V
I (st s + d!2 d_ 2 + d! 1 d_ 1 + d! d0 - 4d; d1) (1 1 )  

,4 1 5  

Hs = 
V
I (st s + d!2 d_2 + d! 1 d_ 1 + d! d0 + d+, di - Sd2

+ d_ 2) (12) 
6 10  
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E_r,. = (EJt 

- 1 t e{J-
v8

a0 aT P = 1, ... , 6;  a,r = 1,  ... , 4 

hi = _!_ (a! a1 - a! a2)4 

h - 1 ( + t 2 + ) 2 - --= a1 a1 + a2 a2 - a3a3 4V 3 
1 h3 = 1

_ (a! a1 + a! a2 + a! a3 - 3a! a4)4 l 6 
e_ /J = (efJ)t 

6 4 2 4 

(13) 

(14) 

(15) 

(16) 

(17) 

( 18) 

.Y/'9 = -2 � b� bm - 3 � a! a0 = _:.2 (st s + � d! dµ) - 3 � a! a0 (19)
m=l a=l µ = -2 a=l 

o�+T = b! «i­
oi+i- = at bn 

(20) 
(21) 

where the GSR labels are omitted. The operators {b:; m = I, . . .  , 6} and {a!; 
a = 1, ... , 4} correspond to the boson creation operators {st, dt; µ = -2, .. .  , 2} 
and fermion creation operators {am, m = ±1/2, ±3/2}, respectively. 

The operators ·(6)--(13) present graded Schwinger realization (GSR) for 
generators of' the SU (6) subalgebra {GA} and the operators (14)-(19) with GSR 
of the SU (4) subalgebra {g.t} and (20), (21) are odd generators {O} of the SU (6/4)
superalgebra. 

The generators (6)-(21), to be referred to as IBFM/PTQM form of SU (6/4) 
generators, are appropriate for investigation of SUSY's. 

We see that the IMB/TQM Hamiltonian2 • 3> is S0 (3)-invariant built from 
the even generators of SU (6/4). 

On the other hand, the IBFM/PTQM Hamiltonian 8> is an SO (3)-scalar built 
from both even and odd generators of SU ( 6/4). Dynamical and monopole boson­
fermion interactions are built from even generators of SU ( 6/4), and the exchange 
interaction from odd generators. 

Generally, H1eFM is rotational invariant constructed from the generators of 
SU (6/M) superalgebra in the form of GSR, i. e. its inherent feature is SU (6/M) 
supersymmetric algebraic structure. 

On the other hand, the IBFM form (6)-(21) in GSR realization provides a 
suitable basis to establish microscopic foundation of the nuclear SU (6/4) SUSY. 
This enables us to infer the conditions which lead to an approximate closure of 
the SU (6/4) graded algebra from the microscopic point of view and extract an 
algebraic structure of SU (6/4) graded algebra from microscopic Hamiltonian. 
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As to the microscopic approach along this line, we propose mapping employing 
Random Phase Approximation in the framework of QCA, by enforcing a set of
non-linear conditions on the microscopic structure of RPA operators9>. This
yields microscopically the enforced SU(6) subalgebra of SU(6/4) 'superalgebra. 
On the other hand, bifermion operators, corresponding to valence-shell quasi-

. particles should be mapped in a straightforward way onto SU ( 4) subalgebra ( 14)­
(18). The microscopic origin of odd generators {01} is more complex. In this case
the mapping, consistent with th�t for even generators, implies the microscopic
operators Q! aT and a.-; Qµ . The analysis of commutation/anticommutation relations
reveals that such microscopic analogs of odd generators can be obtained under 
additional SU (6/4) enforcing conditions, which are presently under investigation. 
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Konstruirana je Schwingerova realizacija za SU (6/4) supergrupu, koja je pridru­
zena ve2.anju fermiona j = {- i SU (6) bozonske srednjice.
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