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SUB-QUARK STRUCTURE AND THE MAGNETIC MOMENTS
OF THE U, D QUARKS IN THE RISHON MODEL*

By C. Worr
Department of Physics, North Adams State College, North Adams**
Institut fir Theoretical Physics, 7400 Tubingen, West Germany
(Receiped April 21, 1986} final version received July 15, 1986)

The magnetic moments of the U and D quarks are calculated using various spin flavor
wave functions assuming that the subquarks are rishons. The interpretation that color is
a spin flavor permutation symmetry leads to a correct prediction for xy/up. The possibility
that the 7, ¥V rishons form a flavor doublet is also exploited and the resulting values for
pu/up using various spin flavor combinations are calculated.

PACS numbers: 12.35 Kw

1. Introduction

One of the great achievements of the quark model is that it predicted the ratio of the
proton to neutron magnetic moments to within 2] of the experimental value of —1.47 [1).
Such a result is independent of the space orbital wave functions and depends on the SU(6)
octet wave functions of therbaryons. With all the interest in composite models it naturally
becomes interesting to inquire if this result can be improved upon using a preon or sub-
-quark model [2-5]. In fact, it becomes a testing ground for composite model builders
who are given the liberty to discriminate against models which give results for the quark
magnetic moments at variance with experiment. Unless the moments of sub-quarks arise
from purely anomalous effects of the very complicated structure of the internal byper-
colour dynamics we are permitted at least on provisional grounds to calculate moments
based on symmetry patteins and compare them with those already used in previous calcula-
tions. This is the interest of this note and it is suggested below taat ths Rishon model can be
salvaged if the correct spin-flavor function interpretation is given.
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2. Model dependent magnetic moments
Consider the following function for the Rishon model [6],

T()T(2)

'/’U; - \/E
where T 1efers te a 1/3 charge rishon and ¥ refers to a 0 charge rishon, «, f represent spin
up, spin down states. We interpret the above function to represent a red colored quark

of a triplet combination TTV, TVT, VIT [7]. In this scheme the permutation symmetry
determines the color of the quark. If we write

]
Ui = Ho|\ — Sz,
e

for the magnetic moment of the i*™ rischon where o = constant, e, = charge of the i rishon,
e = electronic charge, S,, = z component of spin of the i® rishon we have

S ()

for the magnetic moment operator of the quark. Now

[(DBR)— B(1)x(2)]V (3)(3), )

ﬂUl = <'PU1I”[1PU1> = 0

for the magnetic moment of the red quark. For U,:

TV (2
Yu, = (\)/i( )[a(l)ﬁ(2)—ﬂ(l)a(Z)]T(3)d(3),
Ko
<1PU1I”I1PU2> = —6— ’
for Uj;:
DT
Yu, = 4 \)/i( )[a(l)ﬁ(2)—ﬂ(l)a(2)]T(3)°t(3),

7}
pusllpy,) = f.

The color aveiage would be

iy = Hu, + by, + Hy, _H
v 3 9"’
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Now consider the D quark as TVV, VIV, VVT.
s _ T
V2

<{v5,lulys,> = {vp,lulys,> =0,

[a(1)B(2) — B(1)x(2) IV (3)a(3),

, 0+0+ %1
_ ° - = Fo
(¥5,lnlyps) = 5’ M= 3 & )]

By C invariance pp = — % . Thus py/pp = —2, which agrees yvlith the stqngia;d SU [6]

tesult. We have here assumed that spin flavor function can be combined with hyper-color.
space function to yield an anti-symmetric result.
Notice that the result for a positron

¥er = T(TQ)T(3) 3 \/ [(DAR)—B(Da(2)](3)

with
3

z : e\
Her = Ho (_> Szi
e

i=1

yields a value of po/6. This is obviously at variance with experiment and suggests perhaps
strong color, hyper-color dynamics to.enhance the magnetic moment of e+ up to its known
value of eh/2mc. Such modifications might serve as guidelines to the ‘underlying preon
structure. After all if rishons are viable candidates for sub-quarks, the electron would
be more dominated by a chiral symmetry than the quarks.

Suppose instead of the above construction we view T'and V as twd flavors of an underly-
ing flavor symmetry of the preon dypnamics [8]. Whether the flavor symmetry emerges
from the hyper-color dynamics is not impostant, since for at least the quarks, tbe eiectro-
magnetic properties should depend, for the most part, on the spin space flavor function.
Suppose the spin flavor function for T, V rishons composing the U. quark is

___l_( weeomooarro oo meor Nt meon 3
Yo = VB8 2TV T +2TTV +2vTT - TTV-TVT~TVT~VTT-VIT~TTV @

which is the SU,[flavor} x SU,[spin] part of the SUs wave function used for quatks in
a proton only here we substitute rishons and describe the quark by the same function.
Then

2p0.

3
By = {yululyy) = (vl Z Mo — Sy lyy) = 7 C))
i=1
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Now if we choose

__1_( I O & E O N S N o R 1 S ¥ S v N
JIB\—2VTV-2V¥VT-2TVV+TVV+VTV+VTT+VVT+TVV+¥VT

up—(vﬁlz ( )Sz,lv.:) =0 | ©)

which is the SU,[flavor] x SU,[spin] part of gae SU, wave function used for the neutron
only here we use rishons and describe the D quark by the same function.
If, however, we choose '

v =3 (TV-VyD (V)AL -1D,

we have
<%I2uo( ) 95 =
‘Thus
—Ho. 2 py _ —2A
Up = 1 I‘U“g; w9 6)
and
gt _
Ay — g -(GH4-1
¥ _ “"+Z° . B 2‘—;1_4 = —175. ™
Un Hy+4lp Hu +4 )
- Hp

Where pp/pty is calculated from the SUg quark model in terms of py, pp. Using the D func-
tion

1
¥5 = —= (TV=-VT)(N| VD~ + ] 3
J( T ( )[ am J6(TTl (£A)) ®
we have
us—(vpleuo( )s,.l o) =2 ©)
and for
o —He _ 2Ho bo _ _ He _-a3 _ )
#p = 36 » U = 9 3 o 8’ N 12z 2-75.



425

Using the fanction

TV-V
SpLA LI TR a0
for U we find
Hy = {yyl Z ( ) S:lyw) =
Using
(TVv-vD)T
i S [«/3 -z (m+un] an
for the U function we have
By = <%IZuo( )S,,lvu> =
For this function and up = — pe/12, we have
Ko
by 6
—_—_—— = =2, 12
ko —Ho (12)
12
and
A
e _ B0 _ s (13)
N —H +4
Up
Recalling
Hp
(——) = —1.47, see Ref. [1].
Bn Jexp

Table 1 summarizes the various possible combinations of the U, D-spin flavor functions
along with the magnetic moments of the U, D quarks they predict and the resultant value

of pplpx.
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TABLE I
Rishon spin ﬂavor functxon 7 #p® l;u/mf #p/un®
_ 1 it 11l lTT T ML in
YU =" Jie \2TVT+2TTV+2VVT—~TTV—TVI—TVT
Tt 11l it
—VVT-VIT-TTV | 2me 0 © 4
o= ] (m LTt 1L it 9
Vis \2VTV-2VVT—2TVV+TVV+VIV+VIT
i M lTT)
+VVT+TVV+VVT
1 ) ﬁl‘ T 14t 11 1t
Yy. = \/__s_ 2TVT+2TI‘V+2VTI‘-— TTV-TVT-TVT
1t 1 m) Wo | —Be | U |
—VIT-VTT-TTV 9 12 9
¥s= 5 TV-VDVAT-tiD
TV-VT)T
= T8 an-ti
’ B T 3 -3 —185
1 2 1 12 36
= —(TV- Zdm- —=at+
¥D Vi( VT)(V)[ \/; 1) \/g(m TH)]
_@v-vnr[ h 1 :
\vu————\/5 [\/:(lTT) \/E(TTHNT)] o —tto _2 s
TV—-VT 6 12 :
vs= T2 an-np
1 SR SR o A o O L o A o
Yu = Vis \2TVT+2TTV+2VIT~TTV~TVT-TVT
T T m) 2o “Ho | g | —275
—VIT-VIT-TTV 9 36

v = = @v-vny [ \[; am-—= (m+1m]

8 Magnetic moment- of U quark. ," Magnetic moment of D quark.

¢ up/un = ratio of proton moment to neutron moment.

3. Conclusion

¢ uy/psp = ratio of uy to up.

We have seen that the interpretation of the three possible spin-paired-flavor rishon
functions in terms of color and the resultant average' over these for the magnetic moment
of the U, D quarks:has led to the correct value of uy/pp = —2. Thus color might be & spin
permutation symmetry. The assumption of a flavor symmetry for T, V rishons has led
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us to various possibilities and can lead to the value pp/uy = —1.5 if the correct spin-
-flavor rishon functions are chosen. The calculation of the positron magnetic moment
leads to unreasonable results and intimates the existence of strong hyper-color modifica~
tions if the Rishon model proves to be correct. Gluck, Ref. [6], has given a brief discussion
of the magnetic moments of the quarks using the Rishon model but did not discuss the
other color combination. It is encouraging to conclude that if the coriect flavor-spin func-
tions are cnosen and the color average comput:d, the Rishon model is in harmony with
the quark structure of matter.
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Editorial note. This article was proofread by the editors only, not by the author.
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