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Explicit expressions for the creation and annihilation operators of the Marshalek boson are derived for the SU (6) quantum case employing the intertwining opera­tor between the Holstein-Primakoff and Schwinger spaces. 
In last decade the approach to nuclear structure based on SU ( 6) dynamicalsymmetry has been investigated for even-even nuclei (boson system) 1 - 3 >, odd­even nuclei (boson-fermion system) 3 • 4 ' and, recently, for odd-odd nuclei (boson­fermion-fcrmion system) 5 - 9 >. In discussions about the Schwinger and Holstein-Primakoff spaces for the collective degree of freedom the following correspondence was employed 1 0, 1 1  > 

introducing in the Holstein-Primakotf vector a new boson a, which is fixed for allirreducible representations for a particular nucleus. Thus, it is a dummy object 
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in a description of nuclear properties of a particular nucleus ; the corresponding degree of freedom in this case is irrelevant and hence frozen. However, when considering physical processes which connect different nuclei, as for example two-nucleon transfer reactions, it is convenient to introduce an operator which leads from the irreducible representations of one into the irreducible representa­tions of the other nucleus. Of course, this operator disappears in the finite expres­sions for the relevant matrix elements 1 2 >. In the classical limit this Marshalek boson can be rigorously defined for the SU (n) group i o. 1 3 , t 41_
The SU ( 6) quantum case was considered by hew·istically introducing the Marshalek boson 1 2 >, carrying out the analogy with the SU (6) classical case in the sense that the classical forms have been used as guidelines to construct the corresponding quantum operators. In this way the expressions for the Marshalek boson in terms of s and d bosons have been obtained. This enabled the mapping 

of non-SU (6) operators from the Schwinger realization = JBAf 1 > into the Hol­stein-Primakoff realization a TQM2 • 3 >. In the present note the Marshalek boson is rigorously derived for the SU (6) quantum-mechanical case, without resorting to the classical limit. In the full scope of SU ( 6)-type boson realizations of the quadrupole collec­tive algebra important role is played by the interwining operator 1 5 > which connects Schwingcr and Holstein-Primakoff realizations of the SU (6) Quadrupole Collec­tive Algebra (QCA) built from the generalized coordinates, impulses and their gencrators2 • 1 6 >. The intertwining operator is : 
PNo = l: l [No] {n,.} )11PR sR<{n.,} ns [Nol l ( I )

1 11,, J with 
(2) 

2 nd = I n.
11= -2 Here the basis vectors in Schwinger realization (SR) and Holstein-Primakoff reali­zation (HPR) are : 

2 - _I_ - ..!_ I [No] 1ts {u, } )sR = IT (n,. !) 2 (d:)"r (n3 !) 2 (s+)n, jO) (3) 
v=z - 2  

I 2 I l [No] {u .. } )uPR = (No !f 2 (a + )No II (u •. !f ·2 (bn"" I 0). (4) 
l· = -2 The operators s+ , a:, b! and a + are the creation operators of s-boson, d­boson, quadrupole phonon and Marshalek boson, respectively. 

For the rigorous introduction of Marshalek boson the relevant operators in Schwinger realization are N = s +s + L d;dµ (5) ,, 
I E3 = (s s+)- 2 s. (6) 
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Let us consider the mapping of the number operator ( 5) defined in the Schwin­ger space onto the Holstein-Primakoff space : 
Nmap = P N P+, 

where P is the full projector
and PN is given by Eq. ( l). Inserting (I), (5) and (8) into (7) straightforward calculation gives 

P N  p+ = a + a P P+ .

Now we take the matrix elements of Eq. (9) in the HPR basis : 
HPR(IP N p+ l >nPR = IIPR( la + a P p+ l >nPR·

Using (1), (8) it follows : 

Thus we have 
where the I .  h s. acts in SR and r. h. s. in HPR. 

Similarly, we have derived the operator equations 
P E/1 2 p+ = a P P +, 

P N 2  E; p+ = a + P P+ .
Taking the matrix elements of ( 1 4), ( 1 5) in HPR basis we obtain

(7) 

(8) 

(9) 

( 10) 

( 1 1) 
( 1 2) 
( 1 3) 

( 1 4) 
( 1 5) 

( 1 6) 
( 1 7) 

where the I. h. s. and r. h. s. operators in parentheses act in SR and I-IPR spaces,respec..-tively. The equations ( 1 6), ( 1 7) present the explicit forms for the creation and annihilation operators of Marshalek boson, expressed in terms of s and d bo­sons. In this way we have explicitly derived Marshalek boson. 
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It should be pointed out that Marshalek boson plays an important role as an essential ingredient of a link between Holstein-Primakoff realization (Truncated Quadrupole Phonon Model - TQM) and Schwinger realization (Interacting Bo­son Model - IBM). This link is an element of the full scope of boson realizationsof SU (6) Quadrupole Collective Algebra (QCA) 2 > which is built from the genera­lized quadrupole collective coordinates, momenta and their commutators. As will be presented in our forthcoming publication 1 1 >, the full scope of boson realizations of QCA incorporates construction of Dyson realization of QCA, derivation of Holstein-Primakoff realization via Dyson realization, relation between the Hol­stein-Primakoff and Schwinger spaces using Marshalek boson and the bijective bicontinuous intertwining operator between Holstein-Primakoff and Schwinger realization. 
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Originatni znanstveni rad Izvedeni su eksplicitni izrazi za operatore stvaranja i ponistenja Marshalekovih bozona u SU (6) kvantnom slucaju koristeci operator povezivanja izmedu Holstein­-Primakoffovog i Schwingerovog prostora. 
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We calculate structure functions for 11-N deep inelastic scattering using quark­confining potential mod�ls. 
In addition to the electromagnetic lepton-nucleon scattering, an important source of information about ·nucleon structure is the study of neutrino-nucleon scattering. In the previous note 1 > we presented a calculation of nucleon structure func­tions for e-N deep inelastic scattering using quark-confining potential models.Here we apply the same method to the investigation of 'P-N deep inelastic scat­tering. The main features of the model are exposed in Ref. 1 .  For neutrino scatte­ring the virtual photon is replaced by the W boson, and corresponding changesare made in the interaction Lagrangian. We denote the polarization vectors of the nv boson going in the z-direction by 

<R> - - l ( 1 • 0 0)E
,._ 

- 2 , 1, , 

e!f > = � (1, - i, 0, 0)

"' Supported in part by grants from the NSF and SIZ·nauke BiH. 
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otherwise the conventions are the same as in Ref. I .  The cross-section for the busk process Wq -> q' is 
with 

L Ls - I ,.l2 kr ( zs ) µi, + µv - k: + q: /,,,, + 
µv , 

(2) 
(3) 

The l,.,, arc of the same form as for the electromagnetic scattering, and z;,, haveadditional y 5 terms (we take only the dominant transition and set the K-M matrix equal to 1 ). The integration over quark transverse momentum k·r is easily performed in the Bjorken limit. The L1w are essentially the same as before, and L:0• are
s • 2 ; m Nx + m 2 n� s { k., } { ( ) 2 4 } L,1 = 1eu3 N exp - E2 E + ni n� + (E + m)2 , other L,11• = 0. (4)

Now it is easy to find the cross-sections for different polarizations of i\7 bosons : 
a<L> = 2n C � 2 Nl exp {- (E -��Nx) >} { ( (mi :  :ml) 

2 
+ (E �·m)2 }

c,< R) = Q
u<S) = ;r C �2 1.!!�q:2 N2 exp {- !:} { ( 1  + E - mNx) ) 2 + e2 } 

� E + m (E + m) 2 • 

(5) 

If the q2 dependence of the W propagator is neglected (which is justified in this case), the structure functions F1 are simply expressed in terms of c,<L>, cr<R>, u<S) and then calculated explicitly : 
- 2mN K (mNx + m) 2 + e 2 { E2 .}F, (x) - _ (E + ) 2 + �2 exp _ ___ _ 

I :t � m · (E - mNx) 2 

in the Bjorkcn limit. 
F2 (x) = xF1 (x)

F3 (x) = F1 (x),
(6) 

Besides the Callan-Gross relation here we also have the connection of the third structure function F3 with the first two. This is a manifestation of the chiral symmetry (which emerges in the Bjorken limit). The struc.'ture function F3 (x) (or rather xF3 (x)) is plotted in Fig. I ,  for threepotential model wave functions described in Ref. 1 .  The general shape of the xF 3 vs. x curve is in agreement with experimental results 2> in the case of the HOS model 3>. 
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Fig. 1. The structure function x F3 (x) is shown as a function of x. The normalization is arbitrary. 
The curve I corresponds to the model described in Ref. 1 � the. curve II is drawn for the same set 
of confining parameters with zero quark mass and the curve III describes the structure function 

behaviour in the HOS model 3>. 

In conclusion we can say that there are no additional terms coming from the use of quark-confining potential model which means that in the leading term approximation F, give typical parton-like behaviour. 
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This approach suffers from several drawbacks, e. g. the oversimplification of 
the basic picture of the nucleon: we neglect a part of sea quark con�butions which 
are dominant in the x -+ 1 region. Still, the study of deep inelastic scattering in 
this sense completes the investigation of the use of the quark-confinement models 
in hadronic processes. 
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Strukturne funkcije za 'P-N duboko-neelasticno rasprsenje proracunate su u poten­
cijalnim modelima kvarkovskog konfajnm.enta. 
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