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ABSTRACT

In a SU(6) grand unification model with eight guarks
and eight leptons belonging to 13-plet and singlet re-
presentations, the symmetry is spontaneously broken by the
sequence, SU(6) — SU(B)c x SU(2)y *x U(1l) * U(l) — SU(B)C x U(1).
For two cases of symmetry breakings the effective weak neutral
current ccocupling constants are compared with experiment. For
the SU(3)C x SU(2) = U(1l) * U(l) - SU(3)° x U(1l) symmetry
breaking, the coupling constants reprocduce the Weinberg-

Salam model with a2 small correction term. Agreement with
the experimental mean values are improved with the correction

term. Parity-violation in atomic physics 1is alsoc discussed.
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The standard SU(2) = U(l) gauge theoryl 0f weak and
electromagnetic interactions has been successful in pre-
dicting the existence ¢of the charmed quark2 in connection
with GIM mechanism.3 With the observation4 of the predicted
weak neutral current, the confidence in the extended
SU(2) x U(l) model with four guarks and leptons was further
raised. The recently observed Upsilon (9.4 GeV)5 which is
interpreted as a bound state of b and b quarks, and the
heavy lepton 1(1.8 GeV)6 necessitate the further extension
of the model. The SU(3) x U(l) models seem 1o be ruled ocut
by the analysis7 of the weak neutral current coupling constants

1 The

which favorably supports the Weinberg-Salam(W-S5) model.
W-S8 model still has one unresclved problem with its predicted
parity-viclation in atomic physics. The experiments in this
area is still uncertain that any conclusive settlement has
to walit further experimental result.

Under these circumstances, it would be meaningful to
unify further with strong interaction in terms of the gquantum

8 {QCD) with the exact color SU(B)C symmetry

chromodynamics
and an octet of colored neutral massless gluons such that
the W-5 model is embedded in it. There are attempts to
enlarge the symmetry group G such that & contains
SU(B)c x SU(2) x U(1l) x ""*. In the grand unification

9,10 11,12

models such as SU(5) and SU(6) models, the symmetry

group imposes mass relations among the leptons and guarks
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after the symmetry is broken spontaneously by Higgs mechanism.
The resulting mass relations among fermions and the mixings
of their states provide additional constraints on the models.
SU{5) model gives mass rela.tions9 like me=mu and mLfmS,

etc. after the spontaneous breaking of the symmetry down to
SU(S)CX U(1l). If the electromagnetic and gluon radiative
corrections are included, this may further split the fermion
masses.13 There are no other useful mass relations in SU(5)
model and no explanation of Cabibbo angle in this model.

As for SU(6) model discussed in Ref. 12, we have mass
relations such as m(d; ") + m(s;") + m(b;") + mth ') = m(e ')
+m(p') + m(E™'") + m(M ') and m(d,; ") /m(b;") = m(s; ') /m(h;")
= |bfaland it predicts the masses of b’ and h;' quarks

4,1 ~ 6.2

respectively m(bi') = 3.1 4.8 GeV and m(hi')
GeV, where the primes indicate the diagonalized states and
the color indices i = 1,2,3. This prediction was possible
after generating Cabibbo angle by the diagonalization of
mass matrix.

In this paper, we consider a hierarchy of symmetry
breakings in the sequence, SU(8) -+ SU(B)c x SU(2) x U{1l) x
U{1l) - SU(S)C x U{1l), and obtain the effective weak neutral
current coupling constants for SU(G6) - SU(S)C x U(l) and
SU(3)° x SU(2) x U(1) x U(l)~ SU(3)® x U(1) breakings.
Comparing them with the experimental results in the second
case, the relative mass ratios of the neutral vector bosons
Z and Y to W are obtained at the level of SU(3)% x

U(1l). The neutral current coupling constants in the second
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case of symmetry breaking are exactly the ones cobtained by

the W-S model in

correction terms

this mass ratio.

We consider

the limit of m{(Z)/m(Y} -+ large.

The

to the coupling constants are related to

the following two left-handed (right-

handed) antisymmetric 15-plets and two left-handed (right-

handed) sipnglets of fermions.
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Ly = (vl Ry = (E
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a T Oy Ry = (M
The SU(6) invariant Lagrangian is
. 14 zi 7oL g o u
L 31 g6 T Tr(Li(uA Li + Riyu}\ R)Va ,

where 5 = 1, "° 35,

The charge operator 2 is

Q=IS+%+Y=%(A3+7—;J\8+‘/§'}LO) ,
where
(0 1 7 o 1 7 EREE .
o !0 o 'O - 1o
°F A= Ll-—04 Ao Al - - 14
— = - — e QL PR — et — :—.—-__.+._..—-._
l B ° |
0 | - V31 o V3 5 L
i 0 | -2 ‘ I
e —d s -t L

This is due to the charge structure of fermions which is
shown in Table 1. The 6x6 matrix representation of the 25
vector bosons le where i,j = 1,""",6, has the following

diagonal elements,

F
o
I W

B
w
e
mjll—J
w0
@ |-
Q

{(continued)

(2)

(3)
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S 1 1
V. = -V, + — V_ + — V
3 3 V3 8 V3 0
6 2 1
V.= = == V_ + — ¥ . (4)
53 /5-.8 /3-0

With the 35-plet Higgs particles whose vacuum expectation

values (VEV) are ~ j

|

|

i\ j!
(pj>=ass |-~ =+

the gluons are kept massless while the lepto-quark (or super-
heavy) vector bosons which have color as well as flavor acquire
masses as given in Ref. 12. This breaks SU(S) down to

SU(3)% x SU(3) x U(l) separating QCD and Weak interaction.

The second 25-plet Higgs particles with the VEV of

0 i i
013: 0
F
by = oL bee o -
<CIDJ o8 , where ¢ +2d=0
O '0dua
'O b d
L By

boosts some of the weak vector bosons massive while keeping

the photon massless. A 15-plet Higgs bosons with the VeV of

- I
o !
0] : 0
L C
(‘I’J> Qs TOOO
O ;0 0
Q1 0
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and a singlet Higgs boson <¢1> = 35 make MO massive while
keeping :e and Gu massless. This further breaks the symmetry
down to SU(3)% « SU(2) = U(l) x U(l) and in turm to SU(3)°
x U(l). The resulting masses are given in Ref. 12, excep:

that here we have (ui,c ,ti,gi) mixing all among themselves,

i
rather than the separate (ui,ci) and (ti’gi) mixings. In
particular, the states of the weak neutral vector bosons

are

A= "Eé[é(/g‘v3 v Vg) + VO]

_ 1
z - ;Ej?(/y Vgt Vg) - V)

v
\

= é(V3 - /3'V8) . (5)

We consider now the neutral current coupling constants
in the case of symmetry breaking, SU(8) - SU(3)% x U(1l). For
this symmetry breaking, the effective weak neutral coupling

constants are given in view of Egs. (2) and (3),

G - -
L = — 1+ C 1+
neutral %E.JeYu( YS)ve[ uLuYu( Y5Iu
+ CdL d Yu(1+Y5)d + C“R u Yu(l—v5)u
ceq Ay, oygd et | (6)
where
2
S . g
/2 smZ(w)
1
C = C =3 A
up Cy, 3
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|
C = C = - z A
dL Sy, 3
¢, =C, =- s
R R
C, =C_ =-=a (7)
dR SR B
mz(
where A 5(__§_El,) , and there is no simple relation between
2m=(2Z)

m{w) and m(Z2) in this caselz. Note that Y doesn't con-
tribute here. By comparing with experimental values given
in Table 2 we see that the coupling constants for up and dR
are not as good as the ppes for up and dL for the wvalue of
A ~ 1. The symmetry breaking of SU(6) - SU(3)° x U(1l) gives
poor values for right-handed couplings. The neutral current
couplings of electron in this case is such that ve is pure
vector, and uu and dd are pure axial vectors as far as
their couplings through Z are concerned. However through
Y ; ée and dd are pure axial vectors with vanishing uu
Overall, parity-violation in atomic physics is suppressed in
this case ¢of symmetry breaking.

At the level of SU(3)% x SU(2) x U(l) x U(l) symmetry,
the 15-plet fermion states are broken down to SU(2) doublets

and singlets, as follows:
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“i} Y 5 8y
d. |/ b, S . h,
ty t'g 1L e
b, d. h. S,
lL lR lL 1R
u, t. c. g
ip ln 1L ig
E+ et M+ u+
-0 - _0 -
E L Ve 'R M L vu R
+ + + +
°L Ep M, Mg
- =0 - 0
Y E v M (8)
eL R uL R

Their quantum numbers are shown in Table 1. The 3SU(2)

xU{l) x U(1l) invariant weak interaction is given by

i

1 - F“'t:’ M Ve rpH L o 2y U]
L, = (1) [gwu b oA g'yvy, vB gy, 2YuC™ |, (9)

where | is the SU(2) doublets or singlets given in (8). It
is noted here that (di’si’bi’hi) as well as leptons are al-
ready mixed at this stage as shown in Ref. 12. Thus heavy
quarks such as bi decays to light quarks via these mixed
states. Due to the undetermined mixing angles, there is
not much we can say at this moment. If we regard E+ as T+

heavy lepton, this model may have predominantly right-handed
coupling even after mixing, which may be a problem. One way

to modify is to add another 15-plet which contains T+ and VT

in the right-handed state.
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We ncow introduce Higgs mechanism by a 3U(2) doublet

and a singlet,

.
o\ &+ 3 3
<¢>=
1 1 1 1
Ayl -2 5 3 9
2 1
<¢2> = (Az) 0 3 ~ 3 0

The neutral vector bosons are mixed as

g
i

3 (Z cos ¢ -~ A sin o)

w
#

[(Z sin ¢ + A cos ¢) cos o - ¥ sincq

]
It

[FZ sin ¢ + A cos ¢) sin o + Y cos a]-
The charge structure of fermions imposes that

U S

2
e g g g

L\Jl!—‘

v
L]

-g sin ¢ = g'cos ¢ cos o = g''cos ¢ sin a,

and the diagonalization of mass matrix for the neutral

vector bosons Z and Y demands

The masses of the vector bosons are acguired by

= .__'g+. _ir_ _'.&”. '12
Ly 5(3U 187 Ku 18-y B, - 1% 2YC)o

g g 9
SECIIEE £y B - 15-2YC ey

(10)

(11)

(12)

(13)

(la)
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and
m(W) = 1 -
vz
W
z) = 202
)
m(Y) = /3 r,2 , (15)
where
T Tt 1
a z (g 2 4 g 2)2
cos ¢ = E%
bz (aZg® + g 2g %)F | (16)

The effective weak neutral coupling constants of qguarks
through Z and Y bosons given in Eq. (6) are obtained by

eqs. (9) and (11).

Aon2
2 2 171
C = = (é = — 8in “D) +——(-""‘—)
U 1 3 i8 A2
Ay 2
1 . 2 1{"1
C = C = - (3 - 5 8in“p) + —= ——)
dL Sq, 3 15 9
AL\2
2 .. 2 1 1
C = C = (- 7 sin%y) - = (——)
up cp 3 9 A2
Ai\2
1 .. 2 1 1
C = C = (3 sin“9) - = (——) (17)
dR Sy 3 9 Az
These results reproduce the ones for the W-S model in the
A y2
limit of (—l) % small.
AZ v
With the inputs of
sinz ¢ = 0.22
ll 2
(X_ = 0.435 (18)

2



-12- FERMILAB-Pub-78/63-THY

the neutral current coupling constants are compared with
experiment in Table 2. Our results are as good as W-8
model or closer to the mean values. The correction term
in Egq. (17) due to Y contribution is small. By (15) and

{18), we obtain

m(Z) = 1.13 m(W)

m(Y)

1.98 m(W) . (19)

The neutral current coupling of electron through Z

and Y 1s given by

Lo = (2 1) 532—5 E(l-25iﬂ2¢)5Yu(l+Y5)e + (2sin2¢)ﬁyu(l-y5)e

o]
NE:

If we neglect the small Y contribution, the parity violation

e v, (I+ygle + ]Y : (20)

dim &
b

{PV) in atomic physics is the same as W-S model.

Thus, in the case of the symmetry breaking
SU(s) - SU(B)c # U(l), the effective weak coupling con-
stants are not in good agreement with experiment. But
for the symmetry breaking SU(3)% x SU(2) x U(1) x U(1l) -
SU(S)C x U(l), the agreement is closer to the experimental

mean values than W-S model.
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13 v ¥ 0 SU(S)COlorXSU(S)flavor
Content
TR T I s o5 o 3
diL,siL,biR,hiR -3 % 0 % (3,3)
by by 4y sy o|-2| o2
B % F g | o o]-2]-2 (3,1)
e M e g b |- 3 3|1
ELO,HLO,GeR,UUR -3 2] o (1,3)
AR ol 21 3| 2
Ve, oo, oE 00 o| of of o (1,1)
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Comparison of weak neutral current coupling constants

in the case of the symmetry breaking SU(B)CXSU(Z)XU(l)XU(l)

+ SU(3)SxU(1).

The present model W-S8 Model Experiment7
(Eq. (16))

C = C 0.377 0.353 0.33 t 0.07
u c
L L

bd = C ~-0.403 -0.427 -0.40 * 0.07
L S,

C = C -0.195 -0.147 -0.18 * 0.06
u c
R R

Cd = CS 0.025 0.073 0 %t 0.11
R R
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