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ABSTRACT

A triplet code model of leptons and quarks is proposed. Assuming the internal
A-spin, B-spin and C-spin of particles, from fundamental symmetry SO(4) the color
SU(3), horizontal SU(3), electroweak SU(2) X U(1) and other higher composite sym-
~ metries are derived. Using composite symmetry operators, the mass gap between third
generation and the first two can be derived. The modification to the standard elec-

troweak gauge theory is also discussed in some detail.
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1. A Model of Leptons and Quarks

Recently a series of composite models have been proposed “in which leptons and
quarks are regarded as composites of a smaller set of particles called preons or others(!).
The existence of generations of particles, the universality of weak interactions for
leptons and quarks, etc. seem in favour of the compositeness of elementary fermions.
One also expects that the many difficult problems left in the present form of particle
theories may be solved or partly solved at the level of sub-particles. But in connection
with the extreme smallness of radius (}() of leptons and quarks there are a lot of
unsolved problems and difficulties common to these models. Such as: What are the
properties of binding forces between preons? Why the lepton or quark possesses a
mass much smaller that A? Especially it seems difficult to design a convincing and
economical model in which only few unobserved exotic particles are predicted. (For
example, how the spin % particles could be excluded?) It is reasonable to doubt of

the Nature is so tautologized that the situation of hadrons composed of quarks will

recur once again. In 1981 we have proposed a new alternative subconstituent model of

leptons and quarks.(Q) We suppose that particles (leptons and quarks) are structureless
in space-time but are composite in internal degrees of freedom (called A, B, and C)
“each is described by group SO(4). One can decipher the “triplet code” of particles in
terms of G = SO4(4) X SOB(4) x SOC(4). Set the A-spin wave funct.ions denoted
as (Ag A} — Ay Ag) which belongs to the representations (2,2) of SO4(4). (A2 A;)
and (—A; Ag) are two spinor representations of SU(2) in SO4(4) and (A3 — A;) and
(A; Ag) are that of SU(2)' in SO4(4). The charge is assumed to be (3,1, ~1,~2) for
(A2 Ay — A, A) respectively the same is for B-spin and C-spin. The wave functions
(“triplet code”) of particles are listed in Table 1.

For the purpose of discussing gauge interactions it is necessary to divide the particle

into chiral states. We suppose that the representation of SU(2) part in SO(4) is of



Vector-type, i.e., the left-handed and the right-handed states of one particle obey the
same representation but the representation of SU(2)! part is chiral, namely, the left
and right-handed states transform according to the different representations SU(2)}
and SU(2)};. Denote the generators of G as 7, and 7}, (o« = A,B,C). Set Iy =

L(r43 + 7B3 + 7¢3) and 1§ = }(7hi3 + 7j5 + 7{3) then

Q= %Is + I
(1)
23 =3(B-1L)

(B, L denote baryon and lepton number respectively). Particles may be classified ac-
cording to the quantum numbers (I3, I4). From Table 1 one finds I3 = :!:% for quarks
(color triplet), I3 = ;t% for leptons (color singlet), I = ;{;% for known fermions (gen-
eration triplet) and I} = i% for exotic particles (generation singlet). An important
feature is that the generations have been incorporated in the scheme. But no spin %

particle is necessary.

2. Composite Symmetries

The wave functions of particles listed in Table 1. are classified according to
.SOA(4) X SOB(4) x SOC(4) symmetry. However, the physical states are defined
in terms of color, generation etc. in addition to charge, baryon and lepton number.
How to distinguish the different states in a color triplet or a generation triplet? To
answer the question, one should investigate these symmetries in the model.

We define the composite symmetry of particles as follows:

(a) begin Which is a group generated by the direct products of 7, and 7, such
as T4; TB; Tk Ta; TB; Tok ©t¢; and

—(b) Which classifies the leptons and quarks and defines the physical states of

them.



(Though it is not a subgroup of G in general.)

By calculating the commutation relations one can prove that the following 15

operators
TA3 TA+TB-TC3 TA+7B3TC- —TA3TB-TC-
TA-TB+7C3 B3 TA3TB+7C— —TA-TB37C—- 0
TA-TB3TC+  TATB-TC+ T3 —TA-TB-7C3 @

—TA3TB+7C+ —TA+TB37TC+ —TA+TB+7C3 TA3+ 73+ 7Ccs3

generate the SU(4) algebra. U(d) quarks of three colors and v(e) lepton belong to the
representation 4 of the composite symmetry group SU(4). Further one can prove that

the first 3 X 3 elements of eq.(2) generate color SU(3) algebra, namely

Ty = 14378470~ T-=1431p_1704+ 2T3=[T4,T-] = _(7p3 —7¢3)

YR CY I

Vi=r1a47p_1c3 V-=14_7py7c3 2Va=[V4,V_|=_(r43—7B3) (3)

1
Uy =14_1p3704+ U-=r1447837c— 23 =[U-,U-]= 5(703 — T43)

(T3 + V3 +Us = 0)

Instead of 7 with 7 in eq. (2) we obtain SU(4) algebra and v, v, vy E(Z); tacata Eo(3)
... belong to the representations 4 and e~ u~ 77 E(1); dasabaEa(g) ... belong to the 4*
respectively. Likewise, the horizontal SU(3) algebra can be deduced and the genera-
tors are those in eq. (3) by replacing 7 with 7. The 48 known fermions are generation

triplets and the exotic particles are generation singlets. The weak SU (2)'W symmetry

is a kind of composite symmetries, too. One can show that
+ __ 1 1
Ly = 4y hyTo_ +Tp4TB 0y + Ta_TB4TCL

/ / / / /
Ly =1j 1B 10_ +7T4_TB4T0— + Ta4TB-T0- (4)

_ 1
2hys = (L}, Iy =Z(7f43 +17p3 + 03 — 3T43TpaTes)



generate the SU(2)},, algebra. This interaction exists only for generation triplets.

Another weak SU (8)'X symmetry described by

L =1, mhtty
I =1y g 1o (5)
a3 + B3 + 703 + TasThaTls)

-, 1
o ”2IX3=[I;:Ix]=2(

exists for generation singlets. Equation (1) can be rewritten in the form
1 .
Q='§Ig + Lys + 3Ix3 (6)

Therefore the various internal symmetries occured in the particle level can all be
deduced as the composite symmetries. Of course, these symmetries are broken in
general. The breaking mechanism is a difficult problem which we shall not discuss
in this article. However, because the wave functions of particles and the composite
symmetry operators in terms of internal coordinates have been found one may have
. some discussions about the mass spectrum of particles. In fact, the various states
of particles can be defined in terms of (I3, I§) and the color and generation quantum
numbers. If we assume color a rigorous gauge symmetry which is not broken by the
interaction of particles then the mass of leptons and quarks for given (13,15) can be

expressed as

M = M(T,, Vi, UL, T}, Vi U} (7)

Under the assumption of S3 symmetry between three degrees of freedom A, B, and C,

the mass matrix of particles of three generations may be parametrized as

c a a
- M=}a ¢ a (8)
a a c



The matrix is diagonalized by an unitary transformation

1 1 1

¢c—e 0 0 Vi V6 B

-1 -1 1 1
S MS = 0 c—a 0 \/é \/(_5 \/g (9)

_ 2 1

0 0 c+ 2a 0 \/6 \/g

We see that there exists a mass gap of 3a between third generation and the other
two. Furthermore, if the S3 symmetry is only an approximate one, then the degeneracy

between the first two generations can be removed. For example, set

M=M; + 2T, + T}) + 26U, + UL) +2¢(VL + V!)

+(b+ )y + (c+a)rps + (a+b)rgs 1)
Under the unitary transformation one obtains
b+c—2a /3(c—b) ]
M =5"MS=My+| V3(c—b 2a—b—c 0 (11)
0 0 2a+b+¢)

If My = 2a — b — ¢ is taken, then it is the mass matrix derived in(3) and the
Cabbibo angle can be obtained. Of course, to obtain the coupling between third and
- first two generations and find the complete K — M matrix, one should modify eq. (10)

further and replace it by a more accurate one.

3. Gauge Symmetries

In order to investigate the interactions between particles, we shall discuss the gauge
symmetries in this section. For simplicity, we consider SO(4) = SU(2) X SU (2);, only.
That is, the SU(2) part in SO(4) is assumed to be left-handed. However the following
discussion can easily be extended to the L— R symmetric theory.(4) Denote the SU(2) X

SU(2)} generators as Ty;, Tg; and Tg; (i = 1...6). For example,
Ta1, Tao, Taz =74

1
Thy,Tys, Ty = 55”,4 (Al 4+ 75)



Corresponding to a composite gauge transformation

v — exp—i0; 3. Tp;Tp;Tck ¥ (13)
one may introduce a gauge field (A;;z), through the covariant derivative

Ou +1igTa T ToAijk)y — - - (14)

Fo; (i., 7, k) Sﬁ 3, the corresponding gauge field is of vector-type. For the remaining
case, the field is left-handed.

The color SU(3) as a composite gauge interaction can be introduced as usual.
However the SU(2) X U(1) electroweak interaction should be generalized to include a

new component. In fact, eq. (6) can be rewritten in the form
1
Q=1Iys + 3Ix3 + §Y (15)
Set the covariant derivative
. - 2‘ . - -
Du=au—9907W'Wu_§giYBu“'g2Iz’Xu (16)

here W, X, and By describing SU(2)y,, SU(2) and U(1) gauge fields respectively.

~As in usual approach introduce Higgs scalar(®)

@:(‘:;) (Iw=%,Iz=0,Y=1)

® =(¢;;+) (I =%,Iw —0,Y =3)

(17)

Their vacuum expectations are < ¢? >= v, < ¢® >= u. Then one deduces the

masses of charged gauge particles

1
miy = 59302
- (18)
1
my = §9§U2



vig} —v?gogy 0

1 -
Mf; = 5|~V (P +0ud)g} 3019507 (19)
0 ~3g190u* v?g3

"The photon corresponding to the eigenvalue zero of Mﬁ, is

1 1 . 9\1/2 _ _ _ - ,
Ay = (_2+ =+ “2) (97 Way + 97 B+ 397 ' X3,) (20)
- 9% 91 92

Under the approximation u? >> v? the masses of other two neutral gauge particles

(denoting as Z and Y) are

1 1 _
m$ = 1v%(g§ + of) + 5 v°((68 + 97)3 + 991(a5 — 9D)(e5 + 99D) !
(21)
1 1 _
my = g u?(g3 +997) + 7 v*((43 + 9})a3 + 97(e5 — o1)1(63 + 09D) "
The field Z, is expressed by
1 I _ _
Zy = —=(—g0(g7" + 995 ))Way + 67 "By + 395 ' X3,,) (22)

VN
One can show that the weak current coupled to Z, takes the same form of T3—sin20’WQ

as in the standard theory. But sin20'w is defined by

sin20'w = (1 + cot® Oy + 9cot>0,)™! ~ (23)
Here
tanby = a1 tanl, = 2 (24)
g0 g0

On the other hand, from

GF_ 1
_ N

e %= gaz + 91—2 + 992‘2



and eq. (18) one obtains

2 ar . 20,
mp, = sin 26

From (21) and (18) one obtains

1 - -

2402
) ) m;/miy = 00820'W (27)
and
m2/m% = 1+9'“"20W (28)
yImX tan20y

Equations (26) and (27) are just the same as in the standard theory. Therefore to the
v? / u? we have reproduced all of the Weinberg-Salam’s results.

For more accurate calculation, eq. (22) should be replaced by a rigorous expression

1 9 392

+ The weak current coupled to Z, still takes a form of T3 — sin8"Q and

1 9 2m%\~1
- = — 9cot“l (l — ) 30
sin?6ll, sm20W+ cot Ve g3u? (30)

Thus, by comparing (3) with (23) one may find the modification of the order m%V/mg(
to the standard W — § theory. Another modification occurs in the mass of neutral

gauge particle Z,, namely eq. (27) should be replaced by

m3 1 g 2 9i(gi93 + 9595 + 995 97) (31)
m%V COSQGIW u? go(gz + 991)
or
B 1_micos®8ly _  miy993gt(gie3 + od93 + 9939D) 32)
p m, m%- 95(95 + 99%)°



Using UA2 data, if p = 1.02 is taken, then my ~ 2myy from eq. (32) for g9 ~ g; ~

92.

— - -
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Table 1

ua=(A2Ba C) ug=(—A1B; Cy) uy=(—AgB, Cy)
do=(—A1, B1 C1) dg=(A2B; C2) dy=(A1B; C3)
da=(A1B1C1) dg=(~A2B1Cy) ~  dy=(—A1 By Cy)
#ta=(Ag By Cy) 2g=(—A; By (1) iy=(— Az B; C1)
ca=(~A2 B1 C1) cg=(—A1 B1 C) cy=(Ag B2 C2)
3a=(A1 B2 C?) 3p=(A2 B2 C3) 3y=(—=A1B,C1)
sa=(—A; By Cs) sp=(—A2 B> C) $y=(A1 B1 C1)
Ga=(— A2 B, C1) g=(—A; B, C9) gy=(Ag By C'9)
ta=(— A1 BoCy) tg=(— Az BoCs) ty=(— A1 B1Cq)
ba=(A2 B, Cy) bs=(—A; B1C}) by=(A2 B2Cy)
ba=(—Ag B1 C9) bs=(A1 B1 C1) by=(—A2 B2 Cy)
ta=(—A1 B2 Cy) i5=(A2 B2 Cy) ty=(—A1 B Cy)
Eo($)=(A1B1C2)  Eg(3=(A2B1C1)  E4(3)=(A1B:C))
(3)=(-A2B2Cy) Eg(3)=(-A1B2C3) E,(3)=(—A2B;Cy)
Eo=(A2B5Ch) E(3)=(A1ByC5) E,(3)=(A2B1C»)
Eo()=(A1B1C2)  Ep§=(A2B1C1)  Ey(35=(A1B2Cy)
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