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As a concrete example of SU(Ã) theory of grand unification, an SU(8) model which contains three
generations of light fermions and three new generations of heavy ferm. ions (one of which lacks a
toplike quark) are presented. The model consists of 8L, 28L, and 56L representations of fermions,
and it requires 63 gauge bosons with new generation vector bosons and an extra boson Z in addi-
tion to the y, O' Z, X, and Y bosons in the standard SU(5) model. It satisfactorily embeds all

features of the SU(5) model extended to three generations of light fermions, and predicts new in-

teractions such as quantum generation dynamics, which changes generation. This interaction can
cause various mixing angles among fermions. The complete gauge interactions and the masses of
gauge bosons as well as fermions are derived. The masses of neutral vector bosons Z and Z are
predicted to be, by crude estimates, 92.3 & Mz & 91.5 GeV and & 200 GeV, respectively. The mass
of Z is practically the same as, but slightly less than, that predicted by the standard SU(2))&U(1)
model.

I. INTRODUCTION II. OUR 81.+28L, + 56L, MODEL of SU(8)

The idea of grand unification of the strong and the elec-
troweak interactions is widely accepted as a promising
step to pursue after confidence was gained in the
SU(2) XU(1) electroweak interaction' and SU(3)' quantum
chromodynamics (QCD) through experimental verifica-
tion. The minimal gauge group that can contain
SU(3)'XSU(2) XU(1) is SU(5), and the SU(5) model2 has
enjoyed the most favorable attention. Its simplicity and
interesting features that naturally explain charge quantiza-
tion and nucleon decay, which is being tested in recent
years, present a reasonable prototype model of grand uni-
fication theory (GUT).

The SU(5) model is essentially a one-generation (or fam-
ily) model, and the experimental observations indicate that
there exist at least two and a half generations or possibly
three generations if the generation structure repeats itself.
Since, in the standard SU(5) minimal model, the genera-
tions are put in by hand, there are no definitive intergen-
erational interactions prescribed by the theory. As more
phenomenological data concerning heavier quarks accu-
mulates, it is desirable to explain the relations among the
various fermion masses, and have intergenerational in-
teractions that can predict the transitions among various
generations and the possible mixing angles among fer-
mions in different generations.

We present here a concrete model based on 8L, 28I, and
56I representations of SU(8) which contains the SU(5)
model and extends to three generations of light fermions.
It requires three additional generations of heavy fermions
(one of which lacks a toplike quark). The model predicts
generation-changing interactions and an extra neutral Z
boson in addition to all features of the SU(5) model.

In Sec. II we present the model based on 8L +28L +56L
representations, and the complete gauge interactions are
derived in Sec. III. Symmetry breaking and gauge-boson
masses are discussed in Sec. IV. Section V deals with the
IDasses of fermions, and the discussion is given in Sec. VI.

There are many models that attempt to unify genera-
tions. The simple group we would like to consider in de-
tail here is SU(N). Our criteria for GUT will be the fol-
lowing. (i) The SU(N) gauge group embeds the SU(5)
model and contains a generation ( G) group, i.e.,
SU(N)DSU(N —5) XSU(5)XU(1)' for generation unifi-
cation with at least three generations of 5L and 10L repre-
sentations of SU(5). (ii) All fermions belong to the small-
est number of complex, antisymmetric representations
without repetition which contain SU(3)' triplets (3), anti-
triplets (3), and singlets. (iii) The model is anomaly free.
(iv) The model is asymptotically free at high energy.

In the subgroup decomposition SU(N)DSU(N —5)
XSU(5) XU(1)', the three lowest antisymmetric repre-
sentations contain the following representations of the
SU(N —5) generation group and SU(5) family group,
where on the left-hand side we give the dimension of the
SU(N) representations and on the right-hand side within
parentheses the dimensions of the SU(N —5) and SU(5)
representations:

: N =(N —5, 1)+(1,5),

={—,(N —5)(N —6), 1)+(N —5, 5)

+(1,10),

, N(N —1)(N —2)—=( , (N —5)(N —6)(N——7), 1}

+ ( ,' (N —5)(N —6),5)—
+(N —5, 10)+(1,10) .

The anomalies A for these representations are
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A( )=1,

2( —)=N —4, (2)

(y )@= e~r(D'), (y ) ~'= e~r

A ( ) = —,(N —3)(N —6) .

The simplest model for three generations of light fer-
mions of (5L +10I ) representations in SU(5) is the SU(8)
model with 8L +28L +56L representations which satisfy
all the criteria mentioned above. For a concrete example,
we will pursue the details of this simplest 8L +28L +56L
model of SU(8) multigenerational CPUT. For more than
three light-fermion generations, it is a straightforward
generalization for X & 8, and a similar method can be ap-
plied.

For SU(8), Eqs. (1) and (2) provide

(+l.)„' 8L, ——(3, 1)(5)+(1,5)( —3), A ( )= —1,

(util. )' = (c I. ), (QL, )'j'= e'j"
v'6 6

)ij k eij k(
6

(QL )
' = e' "(UL k )

6

(lb~) t'r= e ~r(Npl ) .
6

Sk
—Ck

.L

(Xl. )~b' 28I ——(3, 1)(10)+ (1,10)(—6)

+(3,5)(2), 2( —)= —4,

(QI )'b', 56I ——(1,1)(—15)+(1,10)(9)

+(3,5)( —7)+(3,10)(1), &( )=5,

(3) Here the three generations of light fermions are expressed
as generation triplets,

(UL,;) = c;, (DL,;):—sg

where the number in the second set of parentheses in each
term indicates the quantum number for U(1)', and

a, b, c = 1,2, . . . , 8 are the SU(8) indices. The generation
antitriplet (3,5) and the generation triplet (3,10) in Eq. (3)
can be identified as the three generations of light fer-
mions, and the rest are new heavy fermions. The fact that
5 belongs to generation antitriplet while 10 belongs to gen-
eration triplet is an important ingredient in embedding the
SU(5) model extended to the three generations of light fer-
mions on an equal footing as shown in Sec. III. The fer-
mion particle assignments are given in the Appendix in
matrix form.

We note that in addition to the familiar three genera-
tions of light fermions (u;, d;, e,v, ), (c;,s;,p, v@), and

(t;,b;,~,v, ), there are two generations of heavy fermions

(u;, d;, e,v, ) and (c;,s;,P, v&, ), plus one lacking a toplike

quark, (b;,7,v ), and neutra. l fermions N and Np. In
terms of tensor notations, these fermions can be expressed
in the following manner, where SU(3) indices

a, f3,y=1,2, 3, SU(3) indices i,j,k =4,5,6, SU(2) indices

l, m =7,8, and SU(5) indices r, s, t =4, . . . , 8 are used:

(EL ) =— p, (vt. ) =—

L

and for new heavy fermions,

(EL, ) —= p

&e

(vL ):— vq

d-

(NL )~—= Nl (DLi )~—= s

b;
L

(5a)

(5b)

(&L, ) =(NL, ), (I, ); =(b I; ), (O'L )i ——

1
(&I. ) p= ~ e~pr(NI. )r, (XL);,= ep, (ul )k,

are used. The electric charges for ( U;~,D;~ E~,v~)
are ( —,', ——,', —1,0)e, and similarly for (u; and c;, D;~, E~,
v N B,lid Np) ale ( 3

—
3

—1 0 0)e.
The 63 gauge bosons belonging to the adjoint represen-

tation of SU(8) are

(&I.);= (DL,;), (XL) i= (M~), : 63=(1,1)+(8,1)+(3,5)+(3,5)+(1,24), (6)

—&s 1
(+I. )'i — — (XL, )7s= ( —el ),

where 38 of them are generation bosons and the rest are
the generationless bosons including the familiar 24 bosons
in the standard SU(5) model. We identify them as
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3
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A4 As A
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where the new vector bosons are

go=colorless generation bosons belonging to (8, 1) and (1,1),
A' =colored generation triplet bosons belonging to (3,5),
B and Ca=colorless generation triplet bosons belonging to (3,5),
G~ =gluons,

g3 g8

v2 v6
5 1

2 v3O

g g 5 1

v2 v6 2 v30

2 8 —5 1 C
2 ~30

4 G G 2 3 1

v2 v6 v3O 2 v30

and others are the familiar vector bosons appearing in the
SU(5) family model.

The traceless diagonal elements are normalized as

2 8 2 3 1
Gb ———~ G —~B+—~C,

8' 3 3 1
W, = ~+ ~B+—~C,

8 8' 3 3 1
Ws ———~+ ~B+—~C,

and, as usual, Ws ——W+, W7=W, W +—=(1/v 2)(W'
+i W ) In . Eq. (8), B belongs to U(1)R in
SU(5)~SU(3)'~SU(2))&U(l)R, and C belongs to U'(1),
in SU(8)~SU(3) XSU(5) XU'(1), in the symmetry-
breaking stages discussed in Sec. IV. The electric charges
of new gauge bosons (g~,A„',B„,C„) are
(0, ——, , 1,0)e.

III. CxAUCxE INTERACTIONS

s G G
v2 v6

2 3 1

v'30 2 v3O
The relevant SU(8)-invariant gauge interaction La-

grangian for fermions is

~f gs (+R )a ~ (~p)b(+R ) + (~ R )ab (~p)c(~R ) + (4L )abc (~p)d(PL )'v2 P 2

where gs is the SU(8) coupling constant, and

gk —( —')'"—'8& k=1, . . . , 8, g' =—g, X"
P

(10)

-(~„)P=W' +( —,)'"—,'8&P+( —', )'"—,'C5P, k'=1, 2, 3, P" —= W„"y~.P

are 3&(3 matrices and r" are 2&(2 matrices. The gauge interaction participated by the colorless octet generation bo-
sons (g& ) is, according to Eq. (9),
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ULig UL+ ULg UL;+D;g D +E g E —vLg vL
2 2 2

k k k kk~ k~+ Ng N —DL g DL' EL—g EL —VLg
2 ' 2 2 2

This SU(3) -symmetric quantum generation dynamics (QGD) is a new interaction predicted by this theory among the
different generations. It has chiral (L-R) symmetry for D;, E, and N, but not for other fermions. This interaction can
create the mixing of generations, and may be responsible for the generation-mixing angles such as the Cabibbo angle.
Since the interactions among the light-down-quark generations (D; ) and the light-lepton generations (E) have the same
form, the mixing angles arising from this interaction must have the same structures except for the effects due to their
masses

The interaction due to the colored octet gluons in Eq. (9) is the chiral-symmetric and SU(3) symmetric QCD extended
to new particles given by

r

(Gk)
gk gk

U gk Ua+D gk Da + ugk u+cgk c+D gk D a
a (12)

The first term in Eq. (12) corresponds to the standard SU(5) part of QCD extended naturally to the three generations of
light fermions, and the second term is for the new heavy fermions.

The SU(2)-symmetric W& boson interaction in Eq. (9) is given by
T

U' gk'
Wf(Wq )=g8 '

(U;a, D; )L P';a +(VaE )LP'"

gk' ~i
(u;,d;)R W"

.ds

k' ~+(c;,s;)R 8

k'

+ (v,E )Rp'"
2

—a gk'
+(V„r)L8"

7 L
(13)

The first term in Eq. (13) is the SU(5) model extended to the three light generations, and the second term is the predicted
new weak interactions dealing with heavy fermions. The interaction involving B„bel onig ngto U(1)z in Eq. (9) is

~f(Bie ) g8( 3 ) I [ 6 ( ULia+ UL +DLia+DL )+ 3 URia~ UR 3 DRia+DR ERa+ER 2 (ELaj EL +VLa+VL )]

+[ 6 «Ri~u R+dRi~d R)+ 3 uLi» L 3dLi&d L e—L&eL —
2 (eR~—eR+VeR~veR)

+ 6 (cRigc R +sRigs R ) + 3 cjig c L —
3 sI ig s L P'L +PL —T

(PRE�—

uR +vPR+vPR )

,
'

b; gb ' —, (—rgb.+v+v—,)] I . (14)

The first term in Eq. (14) is the same as the one in the SU(5) model with three light generations. The second term is the
new interaction involving heavy fermions, which has the same form as the first term if L~R, except for the interaction
involving (b, r, v, ), which has a chiral symmetry.

The new U ( 1 )c interaction involving C& in Eq. (9) is

~f(Cie) g8( 5 ) 4 t[ 3 (ULia~UL +DLia~DL ) 3 URiX UR

DR %DR E—R—A'E.R+—«—LA'EL+ ~L—A' I. )]

+ [—3 (Na+N 3NLaCNL +3NpL—QNpL)+2(uRiCu R +dRigd R ) —2uL; gu L

+dL +d L 2eL~eL (e'R+eR+v R+v R) 3(c R+c R+sRi+s R )+3cL+cL'
+SLi ~S L + 3pL+IJ'L (IJ'R +PR ++jgR +VpR )+bibb (r~++Ve~ve)] j (15)

Equation (15) gives a new interaction of this SU(8) theory involving C„, which has quite similar terms for both light and
heavy fermions as in the case of the U(1)z interaction in Eq. (14) except for the coefficients. For the new interaction in-
volving the colored generation triplet bosons A„' in Eq. (9), we get
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~f('4@a) g8 ~ ~ pi[ +Ra] b R++OL3 D La E Raj u R+v R Y d R ULay O'L E Laj cLP

+e pr(NR y"DR E—L y"UL vL —y"DL +e' DLfy"UQ)

+&""(DR; y"u Rk UL—f y"& rk+DLfny"C Ik))+H c

This new interaction predicted by this model contains a color-conserving but generation-changing interaction, and also
provides the interactions responsible for the transitions from heavy fermions to light fermions.

The new interaction involving the colorless generation triplet bosons 8& is given by

~f(~ij, ) g8 ~@[+Ray rR ++OL3 ELn+DRiaY u R+vRY e R +ULY ~Li+DLiy C LP

+& p (&R y"ER+'+D Lpy"UL'+vL y"EL+'))+H. c. (17)

This contains also color-conserving but generation-changing interactions, and predicts the heavy-to-light-fermion transi-
tions. The interaction involving the other generation triplet bosons C&~ is found to be

~f(cp ) g8 + cp[ +R Y v R +OLy vLa+DR Yd R+'E R y e R —UIay C Ii —UIIay C IV'2

+F- pr( XR y"v—R +Dr. y"DL +EL y"EL+ ))+H.c. (18)

Equation (18) also contains the heavy-to-light-fermion transitions. This interaction is also color-changing and
generation-changing, and it consists of flavor-changing neutral currents.

The baryon-number- and lepton-number-violating and generation-conserving leptoquark interaction involving the
SU(5) superheavy boson X&, is

f( R, )=g8 ~.
i I (DR; V"ER+ )+(DI j "EL+ )+DR; Y"ER +DLIal "EL

+efk[(UL y"Up)+u Ry"u R+c L y"c L]I+H.c. (19)

Similarly, for the SU(5) superheavy boson Yz, ,

~f( +IN') l8 +@I (DR yvR ) ( +L'jEL ) DL'jv L uR y'e R R y~P'R bR y'v R'
+&Ik[(UL y DP)+u R'y"d'R+& L"y"c'L]l +H. c. (20)

Equations (19) and (20) contain the usual terms (in parentheses) in the SU(5) model extended to the three-light-fermion
generations and similar terms for heavy fermions.

Thus, the standard SU(5) model extended to the three light generations is, neatly embedded in our model as shown in
Eq. (11) through Eq. (20). In addition there are new interactions involving generations and color.

IV. SYMMETRY BREAKING AND GAUGE-BOSON MASSES

The hierarchy of symmetry breaking to be considered is the following four stages:

(+()~
SU(8) ~ SU(3) XSU(5)"XU'(1)c

M~ &M~

(+2)~~

M& -10 GeV

(II )

SU(3)'X SU(2) X U(1)
M &200 GeV

SU(3)'X SU(3)'X SU(2) XU(1), X U'( l)c

SU(3) XU(1) .
M~-102 Gev

(21)
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due to Higgs-scalar particles N„and gives masses to them
due to the vector (eight-dimensional) representations (H~ )'
in the amount of

g'
M„, ((H~)')= (23)

The gauge bosons A, acquire their masses due to H', and
they are

The vacuum expectation value of the adjoint representa-
tion of Higgs particles ((@~),&=v&(5, ——', 5,"5„) in the
first stage gives extrasuperheavy masses to gauge bosons
A&, B&, and C&, and the second adjoint representation
((@2),& =v2(5, —25,'5; —5,5~) gives superheavy masses
to A&, B&, C&, X&, and Y& in the second stage. In
the third stage the three different (a = 1,2, 3) eight-
dimensional representations ((H~ )'& = (vo/V 2)5~ give
medium-heavy masses to 39 bosons g~~~, ~„', B„,and
C„~. The fourth stage gives masses to C„~, and 9 more
bosons Y&,, 8'+—,and Zz due to another eight-dimensional
representation (H'& =(vo/V2)5s. Thus, all vector bosons
acquire masses except the octet gluons and photon (A&).

The Lagrangian relevant to the masses of the gauge bo-
sons A&, gives their masses in the amount of

2

M„'(~.')= (&@.'& —(@'&)', (22)

M
Mz —— 1— 1

cos 8~ c/a —4/sin 8~

Mz ——Mz p 1—2= 2 sin Ow p Mw
4 1 —p Mz cosOw

12 Mz sin ~w pM p
—— 1—

ga 25 tan L9w 4 1 —p

M3 ——M8 ——2Mp
ga

Mj ——0, Mg ——0,
where

2& ——smOw 8'z +cosOwB&,

Z& ———cos8'( —cos8~ W„+sin8~B„)—sin8'C„,

Z& sin8——'( cos8~ W„—sin8 ~B„)+cos8'C„,
—(sin8p )/2 MgtanO'=, , p'—:

1/p' —1
'

Mz 'cos'8~

(26)

The small mixing (8') of C„with W& and B& can be
neglected for the case of M »M~, and

gp

g'
M„8 (H')= (24)

2

v'2

g = (g)+g2 —2g3),s 1 1 2 3

6
In view of Eqs. (22)—(24), the masses of gauge bosons are
obtained as G = (G4 —G5),V2

2
2 gS

A'

2
2 gS

Mg a

( —,
' v() +(2vp) +

2
2I

( —,
' v))'+(v2)'+ v'2

G = (G4+Gs —2G6) ~

6

B=(+5)'"[ 2 ( W7+ W8) —(G~+G5+G6)]

( —', )'~ C= [(W7+ Ws)+(G4+G5+G6)],
5

(27)

2
2

gS 8 2 2 0 Vp
M = (-v)+(v2)+ W +

W2

2

W= (W7 —Ws) .
V2

2

M» = (v,),2 gS

2
2

gs
My ——

2

2
2 gS

gP

2
2 gS

Mw =
2

Vp
(v2) +

2
'2

I
Vp

v2
2

Vp

vZ

'2

Mzz —
2 ( [a(1+b )+ , b c]—

+ [[a(1+b')——,'b'c]'+a'b'(1+b') j'~'),

where a —=Mw, b =—tanOw, and c =——", M & +Mw, or
ga

(25) In the special case of no C&, Eq. (26) reproduces the re-
sult of the SU(5) model. The steinberg angle in this SU(8)
model is also sin 8~———', just as the SU(5) model if the re-

normalization effects are neglected. The Z and Z' acquire
their masses in the third and fourth stages of symmetry
breaking in Eq. (21), and Mz —M &

—10 TeV (Ref. 5) is
ga

expected. The U(1)~, U'(1)c, and SU(2) coupling con-
stants are related by g ] ——2g i' ——g2tanOw. The predictions
of M & and Mz are sensitive to the values of M~ and

&a

Mz, and they are, for example, M p
——37 (218) CxeV,

ga
Mz ——28 (173) GeV for UA1 (UA2) results, Here UA1 re-
sults Mw ——80.9 GeV, Mz ——95 GeV, and UA2 results
Mw ——81 GeV, Mz ——91.2 GeV are used. However, if we
use p=1.018+0.045 from neutrino neutral-current reac-
tions [P. Q. Hung and J. J. Sakurai, Annu. Rev. Nucl.
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Part. Sci ~ 31, 432 (1981)],Mz ——19S GeV and Mz ——245
6'eV with large uncertainties. This is much less than the
expected —10 TeV. Thus, it seems reasonable to say that
Mz and M & are & 200 CseV. Thus, more accurate data

&a
on M~ and Mz are needed to predict reliable values for
M & and Mz in this theory. In the limit of M »M~,

&a Sp
we recover the results of SU(2) XU(1) theory. In Eq. (25),
Mz is practically the same as the SU(2) XU(l) result. In
any case this SU(8) theory predicts, by crude estimates,
the 92.3 GeV) Mz )91.S GeV (Ref. 6) when the experi-
mental values sin26ly ——0.229+.0.009 (Ref. 3) and
M~ ——81 GeV (Ref. 7) and M ll)245 GeV are used.

a
Thus, the experimental test of the masses of g ~ and Z „'

are important tests of the present SU(8) theory in the fu-
ture. The mass relations among vector bosons are, by Eq.
(25),

c '——Ma '+Mw'

M —Mg +3M'

My ——Mg +Mg

The mass of the colorless generation boson octet, Mzk
(k'=1, . . . , 8), is expected to be —10 TeV (Ref. 5) from
the limit set by the p —+e decay. Thus, the generation
group SU(3) is a broken symmetry. The masses of the
extrasuperheavy bosons 2&, B„,and C& are expected to
be greater than the superheavy bosons X„;and Y'„; ( —10'
GeV) in the SU(5) model. The running coupling constants
g2, g3, and g3 associated with the groups SU(2), SU(3),
and SU(3) are g2 ——g3 ——g3 ——gg=( —', )' e at the SU(8)-
symmetry level by Eqs. (11)—(13).

V. FERMION MASSES

The Yukawa interaction relevant to the masses of the
fermions D and E is of the form f28 Xf56 X 4&8,

wf~ ——yg(x R ),&(1t'L )'y'( eg) y~g+ H. c.

vg yg[(DRi aDL +ERaEL )8 8

+N R V La]+H.c. , (29)

where (@8)&~8——(vg)5&~, and the rest of the antitriplet

Higgs scalars ( C&8 )bg are zero. Equation (29) gives masses
to the 1ight-down-quark triplet D and the light-lepton
triplet E

m(D' )=m(E )= vgyg,
3

(30)

and the off-diagonal mass term for N and v . The in-
teraction of the form f28 Xf86 X@2—,&

gives masses to

the heavy quark d and the heavy lepton e as well as the
off-diagonal mass term for v, Np, and others. We have

~fa „=y2l6(+ R )ab(OL ) (@p]{j)cd+H'C

vp]6 y2l6[ (dR;D La+e RE La)
—+ +

3

+vR NQL]+H. c. , (31)

where (@2l6)~y——epyavz&&. The masses of d and e are

1
m(d;) =m (e) = V2—,6y2—,8 .v 3

The interaction of the form of f&& Xf58 X@28 gives
masses to the heavy quark s and the heavy lepton p as
well as some off-diagonal mass terms for heavy leptons
and generation-mixing off-diagonal mass terms for the
generation triplet U" and others:

~f@28 y28eabcdefgh(ltjR) (4L) (@28) +H c

—6v(83 28[e P (UR. UL UR UL )+( DR—ys Li+sR D—Ly ERyPL+.PRELy—)]+H.c. (33)

Thus, the masses of s and p, are

m (s;)=m (P) =6v2g y2g,

where (@28)y =v/8. The mass for c; is given by f&6 Xf56 X@420,

(34)

hh'
y420eabcdeghh'(4R ) (0L ) (~42p) f = —12V420y420(CR;C L+C RC L;)+H.C. (35)

with the mass

m (c;)=12V420y420

where (@420)8 ——e v42p.
The mass for u is acquired by f,—, Xf,—, X@70,

Wfeb70 —Y70(p R )ab(XL )cd (@70) +H C. = —V70y70(u Ru Li+N R VLcr)+H c. ,

where (C&70) —e v7Q The mass for u is

(37)
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m (+i ) v70Y70 ~

and there is an off-diagonal mass term. The mass for N is given by f8 Xf28 X@56,

(38)

Wf ib56
———

1 56( % R )a (gL )bc ( @56) +H. C.

W2—YS6l &56NRaNL VS6y(6 NRaNL p+ V rRNL )]+H. C. ,

where (@56) P7'=6' Prv56 and (C&56) P =e Prv56 . Thus, the mass for N is

m (N ) =~2v56y56,

(39)

(40)

and there are generation-changing off-diagonal mass terms.
As for 6, 7, and v„ the interaction by f8 Xf56 X C&28 is involved, and

T. L

= —y,—,(& '
) (ltd )' '(@',—,),+H. .

( 3 ) 728[v28(~RiD La+ R + La++ 7RvLa+ RaNOL)+v28a(~RiDL +AREL +~ NRpvLy)]+H (41)

With (4 2g )ap EapYV28 and ( C'28 ~ pg v2gp. This gives
masses for b, 7, and v, as

l

Higgs doublet according to Marciano. Since the coupling
constants gg and gs are the same in the SU(8) limit, the
SU(8) unification scale Mz —Mz. The mass of M& (there-
fore proton lifetime) will be increased due to the addition-
al heavy fermions. This may be a blessing to overcome
the apparent difficulties of the SU(5) prediction of proton
lifetime. In addition to the embedding of the SU(5) model
in this theory, naturally extended to the three light genera-
tions, it contains and predicts new interactions such as a
generation-changing interaction (QGD) which may be re-
lated to the mixing angles of fermions like the Cabibbo
angle and more generalized mixing angles among various
particles. There are a1so interactions that connect the new
heavy fermions and the light fermions. The branching ra-
tios of the rare processes due to this interaction are depen-
dent on the mixing angles among the fermion generations.
The rich structure of the new interaction presented by this
theory, the renormalization effects, and the details of
asymptotic freedom are worth further continued investi-
gation. Work is underway along these lines. The first
step for this SU(8) theory to confrorit with experiment is
to check the mass of the vector boson Z which is predict-
ed to be 92.3&Mz &91.5 GeV, somewhat less than that
predicted by the SU(2) X U(1) model, and also the mass of
the vector boson Z, which is expected to be —10 TeV
but as small as ~200 GeV. Similar methods can be ap-
plied to general SU(N) theory.

m (I7) =m (7)=m(v, ) =(—, )' v28y28 (42)

If4 Y28( R )a( +L )b ( @28~

) 28[ v28(v rRNLa NRavrj )

(43)+v2ga6 NRpiVLa]+H. c. ,

where (@28) =6 v28r and (428) =v28.
In view of Eqs. (29)—(43), it is possible that all heavy

fermions acquire heavier masses (possibly —TeV) than
light fermions. The SU(5) mass relations for light genera-
tions are given in Eq. (30), and there is no mass for U for
light generations unless perhaps we go to a higher-
dimensional representation or higher orders.

VI. DISCUSSION

We discussed a model of grand unification based on the
representations of 8L, , 28L, and 561 as a concrete example
of SU(N) theory. This model contains three generations
of light fermions, three generations of heavy fermions (one
of which lacks a toplike quark), and neutral fermions. It
was shown that this theory reproduces the features of the
standard SU(5) model with the extensions to the three gen-
erations of light fermions such as the gauge interactions,
the masses of gauge vector bosons and fermions, and the
Weinberg angle. sin Oil (M~) in this model is the same as
in the SU(5) model, since there are no extra light fermions
and no additional light Higgs bosons. The values of
sin 8~(M~) increases by =0.0015 for an additional light
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APPENDIX

The fermion particle assignments are shown below in
matrix form. The representation of 56L in Eq. (A3) is
symbolic in nature for convenience.

and other off-diagonal mass terms. Similarly f Xf--
8L, 8L

X @28 gives some off-diagonal mass terms such as
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Nc

N2

Nc

SU(3)G

SL.
b4

(L), =
5

b6

SU(3)
(A1)

—V
SU(2)

0
N3

N
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28I. : (Xl. )ob =
4

—d5
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(A2)

0

—d4
561. (Wl. )"=
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0
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0 =3

0
0

C—t6

4

g4

t6
0

C
t4

t5

b5

t4
0
t6

b6

4

5

6

0
7-+

g4
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(A3)
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