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Spin Structure of the Nucleon 
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Based on an infinite sublayer quark model, we determine the fraction of nucleon 
spin carded by subquarks. 

In Sekine (1985), Sugita e t  al .  (1991, 1992a,b), and Okamoto e t  al.  

(1992a,b) we proposed an infinite sublayer quark model according to which 
the proton p and the neutron n are made up of u~ and d~ quarks such that p 
= UtUld l  a n d  n = u t d l d l .  Furthermore, ul and dl quarks are made up of  u2 
and d2, etc. In summary, uN and dN quarks at level N are made up of u~+l 
and dN+l quarks at level N + 1, such that u~ = (uN+t, uN+t, d~+l) and dN = 
(uN+t, dN+l, dN+0, where N = 1, 2, 3 . . . . .  oo. Here, the uN and dN quarks 
have quantum numbers of  spin J = 1/2, baryon number B = 1/3 ~, isospin 
I = 1/2, third component of isospin 13 = --- 1/2, and fractional electric charge 
Q = [(1 - 3N)/(2 • 3N)] I e I, where I e I is the electron charge. Thus, at N 
= oo, an infinite number of pointlike quarks (u~) and antiquarks ( ~  = d~) 
is considered as constituting the nucleon. The ultimate particle u| has quantum 
numbers of  J = 1/2, I = 1/2, 13 = 1/2, and Q = 1/2. l e l .  Thus, all quantum 
numbers of the u~ quarks are just one-half and this fermion will behave 
as if it was a lepton, since the baryon number disappears at the infinite 
sublayer level. 

We considered the quantum numbers of  weak isospin t3 = 1/2 and t3 
= -112  for the ultimate particle u s  = a a n d  - ~  = a cp, respectively, where 
a cp means the particle operated on by charge conjugation C and then parity 
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transformation P. Furthermore, we proposed a preon model in which quarks, 
lepton, and gauge bosons are made up of the preon ((a)) and antipreon ((aCp)) 
(Sugita e ta l . ,  1992a,b; 1993a,b; 1994, 1995; Okamoto et  al., 1994, 1995a,b). 
It was shown that Higgs bosons are also composed of ((a)) and ((aCP)) (Sugita 
et  al., 1993a,b); there are just four families (Sugita et  al., 1993a,b) and there 
is a possibility of eliminating the preon self-energy divergences (Okamoto 
et  al., 1994) and C P  is violated in the 13-decay of the nucleon (Sugita et  al., 
1995; Okamoto et  aL, 1995a,b). 

It has been reported that 14% of the proton spin is carried by the spin 
of the quarks (Ashman et  al., 1988), and experiments were made to explore 
the spin effect of the nucleon (Ashman et al., 1989; Adeva et  al., 1993; 
Anthony et al., 1993; Adams et  al., 1994). On the other hand, a soliton model 
having the chiral symmetry of the nucleon has been proposed to explain why 
little of the proton spin is carded by quarks (Brodsky et  al., 1988). 

In the following, we shall calculate the effect of the nucleon spin by 
considering the infinite sublayer quark model. 

Assume that the nucleon is composed of uN and dN quarks at sublevel 
N. Furthermore, we assume that there is no interaction and no binding force 
due to hypercolor between levels. 

Then, considering the difference of the spin-dependent structure func- 
tions AuN and AdN at the Nth subquark level, we write the integral of the 
spin-dependent structure function gr for the proton as 

(o 2 dx  gq(x)  = Q2NAuN + Q2ArAd N =- a (1) 

where 

1 + 3 ~ 1 - 3 N 
QuN - 2 X 3 N' QdN - -  2 • 3 N (2) 

Also, Au~v and AdN are written as 

AuN -- dx  (q,~(x) + g ~ ( x )  - q[N(x) - q~N(x)] (3) 

and 

Ad~r ------ dx [q~~(x) + q ~ ( x )  - qjN(x) -- q~N(x)] (4) 

where the superscript + ( - )  means the polarized subquark is parallel (antipar- 
allel). Furthermore, q~r and qffN are the distribution functions for urr and dN, 
so (3) and (4) hold regardless of the number of quarks. Similarly, the integral 
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of the spin-dependent structure function g'/(x) for the neutron is obtained by 
interchanging AuN and AdN, 

f2 2 dx gT(x) = Q2a, AuN + Q2,wAdN - b (5) 

Substituting equation (2) into equations (1) and (5), we obtain 

(1 + 3N)2Auu + (1 - 3N)2Adu = 4a-3 2u (6) 

and 

(1 - 3N)2Auu + (1 + 3N)2AdN = 4b-32u 

From equations (6) and (7), the sum of AuN and AdN is written as 

Auu + Adu - 

At N ---) oo, we obtain 

2(a + b)3 ~v 

1 + 3  ~ 

(7) 

(8) 

Au~ + Ad| = 2(a + b) (9) 

Therefore, the mean z component of the spin, Sz, of the u~ and d~ quarks is 

1 
(S)~+d~ = ~ (Au= + Ad~) = a + b (10) 

Putting the experimental values a = 0.272 (Adams et al., 1994) and b 
= -0 .138 (Adeva et al., 1994) at 5 GeV into (10), we obtain 

(S~)~.+a. = 0.134 (11) 

Hence 27% of the proton spin is carried by the spin of the u| and d~ quarks. 
On the other hand, from the naive quark model, which is equivalent to our 
model at N = 1, we obtain 

(Sz)u,+a, = 0.121 (12) 

By comparing (I 1) with (12), we conclude that the proton spin carried 
by the spin of the u.  and d .  quarks is 11% larger than that carried by the 
spin of the ut and d~ quarks. Furthermore, it is of interest to note that the 
experimental value including third-order QCD perturbation at the CERN Spin 
Muon Collaboration (SMC-p) from the simple quark model is almost the 
same value as 0.134 in (11) (Frois and Karliner, 1994). 
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