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AS INTERMEDIATE SYMMETRY •
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ABSTRACT

No elementary Higgs field is introduced in accordance with the DSB idea.

Instead of technicolour formulation, an extended colour SU(k) is considered,
EC

which is supposed to cause vacuum condensation to break SU(2)T at the suggested

mass scale of 1 TeV and then break itself to SU(3)C • The intermediate symmetry

SU(2)T * U(l) v is further unified to a simple group SU(6).group SU(1*L
r

This model shows some interesting features, especially that it fits the existing

neutral current parameters quite well, yet with expressions different from

those in the W-S model. Some severe problems are also mentioned.
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* To be submitted for publication.
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The grand unified theory is attractive in that it accounts for the

quantization of electric charge and embeds strong, weals and electromagnetic

interactions into a unified theoretical scheme with a single coupling constant.

But the introduction of Higgs scalars will damage much of its esthetic advantages

tiy the appearance of other forms of interactions such as Yukawa interactions and

interactions among the scalars themselves. As a result, the number of free

parameters in the theory also increase enormously. This actually undermines

the basic idea of grand unification. Furthermore, the vast difference of order

of magnitude between the grand unification mass scale and that of the W bosons,

which is usually referred to as gauge hierarchy, can only be achieved In this

case through fine adjustment of parameters In the Higgs potentials to 2k decimal

places, which makes the theory very unnatural.

The gauge hierarchy suggests that the breakdown of SU{£) x U(l)v is

most likely of a pure dynamical nature. Making a further step in this direction

leads to the idea that all symmetry breaking may be dynamical and there are no

elementary Higgs scalars at all. In this case the only interaction in the

Lagrsngian is a gauge interaction and the analogues of the usual scalar fields

are no more than combined systems of fermion pairs. Sus skind
the

1)
pointed out that

for^[asymptotic free non-Abelian gauge theory, owing to the logarithmic dependence
o

of coupling constant with q , the vast difference in the order of mass scales

only corresponds to a relatively not large change of coupling constant, which

suggests that dynamical symmetry breaking (DSB) may be able to offer an

explanation for gauge hierarchy.

Usually the symmetry at intermediate energies is taken to be

SU(3L x SU(2) y U(l) . For DSB a natural idea is that the breaking of

SU(2)LX U(l)v is caused by the interaction of SU(3)C> which makes quark and

antiquark to form bound pairs and to condense in vacuum. But a Blight

examination shows that this Is impossible, because the Goldstone bosons thus

developed must be the pions, while in reality the pions are not eaten by W

and Z bosons. In addition, if pions were Goldstone bosons, the mass acquired

by W and Z , as estimated from the pion decay constant, would be three orders

smaller than that In the W-S model. This situation made some authors 1)» 2)

propose a new interaction called technicolour which is stronger than the colour

interaction and responsible for the desired condensation at a scale of 1 TeV

(rather than a fraction of 1 GeV, the scale of QCD). This means that the

syametry at intermediate energies will be enlarged to G _ x SU(3) x SU{2) x U(1)Y>

with GT(, representing the technicolour gauge group. Nevertheless, there is
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another possibility which will be considered in this paper in some detail, that

is, instead of direct multiplication of SU(3) with some G , the SU(3)n Is

embedded in a larger simple group G called extended colour gauge group.

The reasoning is that, despite the fact that G „ has the same coupling constant

as its subgroup SU(3)C> it is possible for some reaction channels in G ., to

be more attractive than those in SU(3)C, because for 0 „ there are more gauge

bosons and in certain cases their interactions may add constructively.

If we limit ourselves to consider only SO(n) group, the smallest extended

colour group will be SUCU). In this case the symmetry at intermediate energies

is SU(lt)EC * SU(2)L x U(l}Y^atid SU(2)L x U(l)y is broken by a presumed condensation

at 1 TeV induced by SU(i*)EC interaction, which subsequently breaks to SU(3)C

by itself, leading to the low energy symmetry SU(3) x u(l)

Lr e

The SU(1() symmetry was considered by Pati and Salam and some others
several years ago. The main distinction between this work and the earl ier
works l i e s In that the SU(it) here breaks at an intermediate energy, say 10 GeV,
rather than at some high energy level , vhich makes the masses of gauge bosons
associated with generators of SU(U),_n/SU(3}_ be of the same order as M,. and M,,.
In this scheme, not only the structure of neutral currents is different from
the standard model but also some new charged currents will appear. Whether
these results are consistent with the known facts of particle physics will be
the severe tes t of this tentative proposal.

For the sake of reducing the number of parameters and also carrying the
idea of unification through, ve t ry to unify the intermediate symmetry group
SU(U) c xSU(2) x U{l) further to a simple group SU(6). The breaking of
SU(6) down to SU(lt) c x SU(2)L x U(1)Y is also assumed to be caused by the
condensation of fermion pairs like a tumbling theory proposed by Baby et a l .
In order to get three generations of ordinary fermions and to meet the require-
ments of asymptotic freedom^of absence of anomalies and of no bizarre colour
fermions, we take the whole left-handed fermions in the representation
[3]^ + 3[2]^ + 6[5]^, with the symbol [k] denoting the total ly antisymmetricb o o n
representations formed by a product of k fundamental representations of SU(n).

The coefficients here for the three irreducible representations meet the

criterion proposed by Frampton ' ' that they have no common factors, nevertheless,

It)

For instance, the one boson exchange potential for reaction channel
-i p T p

1>T +• * T + 4 i s proportional to -z g [Co(Rj.) - CLjR.) - C0(R0)1, in which C ' s
J J J _ I d. d. ^r c. JL c. d. c.

are Casimir operators and fU, R , R stand for the representations related to

on relevant Casimir operators
is at tract ive. I t deserves to be mentioned that the effect of symmetry breaking
has not been taken into account.

Hence its strength not only depends on coupling constant g Tout al3o
3)

When C2(R } - C£(R ) - C2(R£) < 0, the potential

they are s t i l l unsatisfactory, because for DSB the fact that not a l l the

coefficients are equal to unity implies unwanted Goldstone bosons, which turns

out to be one of the main problems for this model.

At present there is no reliable theory for DSB. Does DSB really take
place? If so, in which channel and at which mass scale will I t occur? Which
direction, if there are several inequivalent directions for the condensate,will
the vacuum condensate take? All these questions are s t i l l not clear yet. The
purpose of this paper is not to try to derive the pattern of DSB according to
some basic rules , but ̂ Instead to see whether i t is possible to choose
phenomenologically some channels of condensation to realize the required
pattern of symmetry breaking mentioned above, namely

SU(6J-». SU(U)EC x SU(2)L x u( l ) ¥ - SU(3)C X U(l)e , and to see, in the case
that this pattern of breaking is possible, what consequences will resul t . In

determining which directions the vacuum condensate may take,some effective Higgs
formulation will often be ut i l ized.

We shall show that for the fermion assignment [3] + 3[2] + 6[5] three

generations of low masses wil l resul t , with some heavy particles and also some

additional massless neutral par t ic les , but the t-quark possesses abnormal

and tR have value - for 1^, and belong to tvo SU(2)

and I , respectively. At low energies the right-handed
R

current of t-quark will not manifest i tself , for the mass of 6 is presumably

of order 1 TeV. In this scheme the ordinary leptons are SV{k) s inglets,
EC

the particles of "fourth" colour as proposed by Pati and Salam 3) (here they
are labelled index zero, so hereinafter they will be called of aeroth colour)

are referred to as exotic leptons vhich, except/l'hree neutral massless ones,

presumably have much larger masses and distinct "weak" interactions.

The charged currents at low energies now contain a new part related
to the off-diagonal generators of SU(U)E(,/SU(3)C. The associated bosons are
denoted by V^'s. Under the condition that the mixing among certain neutral
exotic leptons is extremely small, the new charge currents will not cause any
obvious trouble, because in this case the V bosons connect the ordinary
quarks only to presumably heavy exotic leptons.

The structure of neutral currents also shows some new features. How
there are two neutral currents which can be specified with two mixing angles
61 and e£ . But the known eight neutral current parameters for \>-e, v-quark
and e-quark scattering are only related to B±, with expressions different from

those in the Weinberg-Salam model, nevertheless, their theoretical values

determined by use of renormalization group equations, fit the experimental data

quite well.

properties: both
t)

doublets
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The model is also interesting in that it presents many of predictions

about new particles and. new weak interactions at the TeV energy region, to which

new experiments will be sensitive. On the other hand, there are also some severe

problems vhieh seem to make this SU(6) model unlikely to be a realistic one.

nevertheless, at least the group SU(lt) c x SU(2)L * U(l)^ as an intermediate

symmetry, according to our view, deserves further investigation.

II. PATTERNS OP SYMMETRY BREAKIHG

The gauge group SU(6) has 35 generators, the associated gauge bosons
are denoted generally by k± (1,J = 0,1,2,3,1*,5) with (0,1,2,3) labelling
SU(U) indices and (5,6) labelling SU(2) indices. It is convenient for later
reference to specify the special symbols for those off-diagonal bosons which
are to acquire masses in result of symmetry breakings. Their charges are also
listed:

/0 i i i/ ° 3 3 3
1
3

1
3

1
"3

k k k
1 3 3 3

„ 1 i i
L ° I 3 3

-1 0

h 1
3 3
It 1
3 3
k 1

~3 "3

0 1

-1 0

\

in which (1,2,3) stand for SU(3)C indices.

The whole left-handed fermions are assigned to the representation
f^l + 3[2b + 6[5L. among which [3L is real, nevertheless, the fermions in
[ 3 ] , cannot have bare mass, because such SU(6) invariant mass term are forbidden
by Fermi stat ist ics . We shall see hereinafter that three components in t3]g,
actually the t j ( i = 1,2,3),are supposed to survive to ordinary mass scale,
which accounts for the abnormality of the t quark.

Since no elementary Higgs scalar ia introduced, the Lagrangian density

has a simple form

with IJI denoting the whole left-handed fermions (in a reducible representation)

Those fermions transforming according to irreducible representations [ 3 ] o 12],
and [5]g are denoted by and (i , respectively.

The representation matrices L for and t can be

constructed directly from the fundamental representation matrices, so that

whenever we specify a generator, we only need to write out explicitly the

corresponding 6 * 6 matrix for fundamental representation, which will be

denoted by F and normalized according to

(2.2)

Also for convenience of later reference, we specify in advance the

matching of fermions into conjugate pairs in result of subsequent symmetry

breakings, together with their charge.The boldface typesare used to denote

those interaction bases which are or can be chosen as mass eigenstates.

[3]6: 0 T3 B,

o L

0

Symbols and matching

b IT *= t=

o ft,

o 01 $
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\

fr fit fi3 £n%\
0 T? -T* -t. b,

0 T,< * i bt
0 t j b3

0 "C*

5,
0

The evolution equation for conpHng constant g is of the form

BM

where

-g [11 C2tA) - 2Tf]

(Xe )L ( (X* $ Si 3

Charges

PI,'

-i - i -1 I 0 vo -i -
0 ~5 ~T 7 3

o i -*
o y

0

i i -1 0

with Cp(A) denoting the quadratic Casimir operator for the adjoint represen-

tation and T is given fcy

( 2 .5 )

in which L. are representation matrices for the whole left-handed fermions.

For SU(n) group, C2(A) = n and

(2.6)

where (n.k) refers to totally antisymmetric representation [k]

Above the grand unification mass scale, the value of 2T for the whole

left-handed fermions is equal to 2k, so that 6 < 0 and the theory is

asymptotically free. At a certain mass scale M̂  where the coupling constant

reaches an appropriate value, a condensation of fermion pairs presumably results.

I t is assumed to take place in the channel

U ] 6 * [ 3 ] 6 + 32 •

with 35. denoting the adjoint representation. Recall that the channel

[3]«- * [3]g -»[0]g is forbidden by Fermi s tat is t ics . The SU(6) one-boson

exchange potential for this channel is attractive, since

C2(A) - 2 C2(6,3) = - § .

In view of HSB (symmetry breaking via Higgs particles), this condensation

corresponds to assuming a 35-dimensional Higgs scalar .

In order to examine whether i t is possible to break,3U(6) into

SU(*O * SU(2) * U(l)j an effective Higgs formulation is employed, with XJ

standing for the 35-dimensional condensate. Obviously, if the VEV (vacuum

expectation value) of takes the form
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-2
-2

(2.7)

the desired symmetry breaking will result. The most general self-interaction

potential among xi is

V(x) = - | a tr x2 - (tr x
2 ) 2 + | c tr x** + a tr X

3- (2-B)

6) tci,°e
According to Ruegg's analysis , (2.7) is likely/the case when coefficients
in (2.8) meet a certain condition.

It is convenient to take the generator of group U(l)y, the hypercharge

Y, to have integral quantum numbers, namely

Y = -

-2
-2

(2.9)

Such Y Is not normalized, the normalized generator which satisfies (2.3) is

related to Y by

" (2-10)1 •*"•

— Y

The coupling constants associated with F and Y are denoted by g and

GY, respectively, with g^ = V 2 T Gy .

We decompose [3k with respect to irreducible representations of

SU(*O X SU(2)L , which are denoted by ([Jt^, ["]g)>to find out which

components will acquire masses through this condensation. The result is as

follows, with hypercharge Y also specified explicitly

^ [0]s, -3)

in which the values of Y for

, 0) , [2]2, 3)

are determined by the formula

Y = - A + 2m (2.11)

, [ 2 ] 2 , 3) , namely ([1]^, IO]2,3) can form an SU(it)gg * SU(2)L

invariant vi th {[3]^, [ 0 ] 2 , -3) ana consequently they are to become conjugates
of eacb other and acquire a superheavy mass of order M̂ .̂ U 2 ] ^ Cl]2» °)

remains massless because ([2}k, [1^,0) X ([2]^, [H2,0) -*{{0\, [0]2, 0) is
forbidden by Fermi statistics. The massive quartet ( [ Ik , [0]2> 3) will be
denoted by {L , Q1, q^t i^J^ith L" referred to as an exotic lepton of zeroth
colour and ^ as exotic quarks,since both of their left-handed and right-

handed components are SU(2)L stnglets.

The sixteen gauge bosons associated with generators of

SU(£}^3U(4) x SU(2)L x U(l)Y)also acquire masses of order VL, which are

called X. and Y. bosons.

In mass range much below M^, the coupling constants will evolve in

accordance with renormalization group equation for group SU(lt) c * SU(2).

with {L+, (L, Q~, Q,) decoupled. Decomposing 3[2] + 6[5] in the same way as

before, we get the total SU(1*1 x SU(2)T

U(l)

U(l) Y content of ttte

massless fermions as

, 0) + 3([2k,,[0]2,-2)

tl]g

[2]2

t [2]
a,

among which only ([2]],, [l]g, 0) comes from [3]g-

The values of 2Tf for subgroupSSU(lt) c, SU(2)L and U(l)Y below the mass

scale M are 22, 2k and 18, respectively. Hence the extended colour group

SV(k) _ is also asymptotic free and is supposed to induce a second condensation

at mass scale M? of the desired order of 1 TeV. The condensation channel is

taken to be

(E2]u ,, 0) X -2)

for which the one-boson exchange potential is also attractive, since

The content of fermion multiplets listed above contains three

([2k, [0]2, -2) multiplets, coming from three [2k, respectively, but only one

([2k, [lk, °) multiplet. So in general It is some linear combination of the

three ([2]^, [0]£, -2) that will condense with ([2]^, [l] 2, 0). Nevertheless,

one can always perform a transformation among the three f2]g to make the

condensate only relate to the first one.

-9-
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The bound pair formed tiy this condensation i s an SUCO™ singlet so

that I t does not treat. SU(A)EC, However, i t is a doublet with respect to SU(2).

and of. non-zero hypercharge,like the Higgs field introduced in the W-S model,

and consequently breaks SU(2). x
. x U(l)^ to an U(l)' , leading to a symmetry

*1
SUCt)EC x U{l)' . As before one may use an effective doublet)EC t o

represent the condensate ([o]i , [l]_, -2) and write down the effective potential

(£.12)

,0)

[0]2,-2)

(2.13)

(2.19)

Hence the fenniona which acquire masses through the second condensation are

sextet ([2]^ j) in (2.i8) and ([2]^, - j) in (2.19). They become conjugates

of each other with masses of order M 2 (<vl TeV) and vill be denoted by

The VEV, which minimizes V(if>), can always be taken as

(2.13)

cos6;L ¥ - B ,with B standing for the gaugeso that W^ and Z ^ U

boson associated with the hypercharge) will acquire mass through this

condensation, while A = sin6 W + cosB B remains massless. The value*of

8 as wel l as R, , M are given by

tg2e = £ ^
8 1 3 2

(2.1

< "I- 2 2
cos ft

(2.15)

The expressions for K1 and K_ , the generator associated vith A and 2

respectively, as well as for the corresponding coupling constants are:

G1 = (2.16)

(2.17)

The left-handed fields 6. and right-handed fields !„ are SU(2) singlets ,
Xi n

while the right-handed fields &„ and left-handed fields T belong to
** L

two SU(2) doublets, respectively. As regards SU(3)^, T. and g. each make
o l 1

up a triplet. Hereinafter they are also referred to as exotic quarks (T.

differ from the ordinary u. quarks with regard to neutral currents).The fermlons which s t i l l remain massless are

6([0lu,0)

Below mass scale M^, T and $ decouple from the interaction, hence the

value of ST., for SU(lt) • reduces to lS*),The SU(U)__ interaction of course

remains asymptotically free, so a third condensation is supposed to occur at

mass scale M in the channel

U ] - | ) X

Hereinafter the current coupled to 2 is referred to as the first neutral

current.

Under the SU(l*)ECx U ( l ) \ {[2]^, [l] 2, 0) and ([2]^, [0]2,-2) vhich

form the condensate, decompose as

-11-

with C2(lt,l) - C2(lf,2) - C2(U,3) = - f • Denoting the SU(1(.)EC quartet

effective scalar by cp , one has

VtqpJ {2.20)

*) At the range from M to M^, the 2T for SU(2)T and U(l) also reduce to 21

and 16, respectively.

-12-



m e VAY , which minimizes V(<jP>), can always be taken

(2.21) (2.27)

SU(U)EC)f U(l)' is therefore broken to SU(3)C x U(l)e, yielding

_ 1 2 ,£

for the charged boson V^ . The neutral boson

which is associated with the generator

(2.22)

among SU(U) C/SU{3) ,EC

The ([2]. , - \) and ([3]^, ̂ ) which participate ia the condensate are decomposed

with respect to SU(3)P * U(l) to yield

, 0)

f --i ?-

0 •

(2.23)

will mix with A^ to give a massive Z2]j and a massless A which is referred

to as a photon :

coae
2

= c o s e a A'v
(2.2U)

It is easy to find out the generators \ and Q which are associated with
Z
2U a"* ^ respectively, as well as corresponding coupling constants G

and e, with the result that

12

2 2 2
gc 6gc sin 62

The mass of charged V^ when expressed in terms of 8,, and

, k2 v ,2

(2.25)

is of the form

(2.26)

which implies the fermions that gain mass this time must belong to {[l],, - T )
-I 1

and ([2]_, ±). Note that there are three ([2]^, - ̂ ) multiplets,aniong which

one comes from [3]r and other two from the second and third [2]g, and that six

([3])j. r) multiplets come from six [5]g respectively. So the mass eigenstates

for the three colour triplets ([l],, - h , which are denoted by B i L > S ± L and

D, >axe in general mixtures of the interaction bases owing to the fact that

~L 1
they come from three uasymmetric ([2]^, - - ) , while the six ([2]3> ^) which axe

completely symmetric can always be re-defined to make the three mass eigen-

states B?T, S?T and D^T be Just the first three ones.

1L XL 11*

These particles of mass Mg are SU(2)L singlets except for B±L. B,S,D are

all referred to as exotic quarks, since B ± L also differ from the ordinary b i L

vith regard to neutral currents.

The remaining massless fermions decompose with respect to SU(3)C » U(l)e

as

15([O]3,O)

so that they form real representation(reducible) of SU(3)C *U( l ) e > which 1B
essential for any theory to be reasonable.

The value of 2T. for SU(3)~ i s 12, therefore SU(3) interaction is also
1 V

asymptotically free, which is presumed to induce further condensations in

channel ([ljj, 3) x (I2]3, - f) -?t[0]3> 0) as well as

(Il]3, - j) X ([2]3, |) ->([0]3, 0) with C3(3,0) - C2(3,l) - C2(3,2) - - | .

All the SU(3)Q triplets match up to form three generations of ordinary quarks

except that t_ has a different I, value.

while the mass of Z^ relates to M^ through -ik-

-13-



The mixing also occurs in this condensation. For the right-handed fields

"d-s^and h^we are free to pick the Interaction bases to coincide with the

mass eigenstates, but the other mass eigenstates are mixtures of interaction

bases.

As for the masses of leptons (which refer to SU(3) singlets), apart

from the superheavy exotic ones, all the others do not acquire masses through

condensation. They 1)6001116 massive only by means of some radiation correction

mechanism. For example, e,u,T can acquire masses via ordinary quarks as

intermediate states (Fig.l) and the qualitative relation m < m < m follows

naturally from m <. m s « m, , "but quantitatively there are some problems.

The charged exotic leptons I acquire masses through diagrams in

Fig.2 which implies & •, £ and i will in general mix with each other.

Comparing Fig.2 with Fig. l and taking into account that D, S, E are
heavier

presumably heavier than b , one may suppose !, , I , SL are also/than T .which
e u x *

accounts for why they are not observed yet.

Similarly the neutral exotic leptons become massive through diagrams

like Fig.3(a)- It is reasonable to assume that the amplitudes of diagrams like

Fig.3(t>) are far smaller than those of Fig.3(a), implying n's are almost

unmixed with X's. The exotic leptons X's are therefore substantially massleas.

We note that no substantial mixing of n with X (and neither n

with X ) is essential for this model, otherwise there will be severe . trouble

aa will be seen in the next section.

with the second and the third breakings, at the sa»e scale M ,̂ This is. due to

the fact that W and Z acquire masses only of order 10 GeV, presumably

nearer to the scale M , other than of order 1 TeV as the fermions participating

in the second condensation do (the reduction of VL, and M_. comes from their
2 the " * 1

dependence on L ) . In/treatment of evolution equations, we can simply take

the pattern of symmetry breaking as above without introducing appreciable errors.

For the sake of simplicity only leading terms are kept in the evolution

equations and a l l thresholds are treated as step functions. The masses of

various exotic particles other than the superheavy L and Q are taken as follows:

103 GeVjfiamely M^for T,g; M, for B,S,D,i,n; zero for X. The mass of the

unobserved t-quark is also taken as M . I t deserves to be mentioned that the

results are insensitive to the precise value of M . 7or definite,M will be

taken in the numerical calculation to be 10 GeV.

Among the parameters to be determined are:

1) ft. , a, at high energy scale

2) a. , a. , a ,̂, VL., M-,. M»2* V̂ a t i n t e r m e a i a t e energy scale.

as well as mixing angles 8 , 8 in terms of ar, aThe expressions for

and a ' are

2 OL, 6 a .

sin2e.

(3.1)

(3.2)

or inversely

III. EVALUATION OF PARAMETERS

We shall examine what consequence will result in the case that the

above-mentioned pattern of symmetry breaking is realized in reality. In this

section it is shown that by renormaliaation group equations we can basically

determine various parameters for the high energy as well as for the intermediate

energy scale, only one parameter namely k l (—) remains undetermined.

The pattern of symmetry breaking can be described as

The boson masses when expressed in terns of G , o ,
r €

form

4/1 % f*'

(3.3)

and k are of the

CM)

su(6) su(2)L x u(i)Y

- 1 5 -

su(3)c x

*) Hereinafter <*c.aL, <Xj>

noted.

8£ a l l refer to values at M ,̂ unlesB otherwise

-16-



From the evolution equations, together with the 2Tf values in the region

VL \o M and M 2 to M , one gets

Mi

(M) at the b threshold nL is evaluated by the formula

A (3.10)

«4(Mt> Mz

JL k. ML _ ii. J*. —

so that

tooGw
(3.11)

so that

3 dQ

Therefore one has

together with

3.

7

14
77} v JIT)

(3.6)

( 3 - 7 )

note-that (3.2) already shows how sin 0 i s determined directly hy a and
2 2

a , now {3.7) further gives sin 8 in terms of sin 6g. I t s t i l l remains to
determine a and a . The evolution equation for <*CW is of the form:

With n^ = It.5 GeV, M, = 100 GeV and A assuming the values 0.3 GeV, 0.U GeV

and 0.5 GeV one gets the results as follows:

A = 0.3
(GeV)

A = O.U

A = 0.5

7-U

7-0

6.7

l /aL

38.U

38.3

36.3

1 / a6

36.2

36.1

36.0

M^GeV)

3.5 X io 1 2

it.it x i o 1 2

5-3 X101 2

sin2e2

9.6 X IO"3

9.1 x 10"3

8.7 X IO"3

sinS6

0.30

0.30

0.30

70

70

70

Sit

8k

8lt

We see that the grand unification mass scale M ,̂ which stands for M^ and M̂  and
is crucial to the proton lifetime, turns out to be too small, and that the value
of sin ft. , which determines the existing eight Fermi type parameters for neutral
current interaction (as will be seen in the next section), ia almost fixed at
the value 0.30. In fact even when a /a increases by a factor of 2 or reduce

2 e 2
to aero, the sin A only changes to 0.32 or to —, respectively. As a resul t ,
the values of M̂  and JL, are also stable.

(3.8)

where the sum extends over all fermions of charge q with mass m f * a

taking a(0) = •—• and evaluating the contributions of e,u, u, d, s, c, T, b

individually according to their own masses, one gets

o"1 (100 OeV) = 123.lt (3.9)

IV. HEUTHAL CURBEHTS, HEW CHARGED CUHHEMTS AMD PROTON DECAY

SU(lt) K SU{2) x U(l) differs from SU(3)n X U(2)T X U(l) Y in that

it has two neutral currents together with three new charged currents associated

with V^ . The two neutral current interactions are of the form:

-17-
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The Q and I, quantum numbers for ordinary quarks and leptons are as usual

except for I (tR);vhich now assumes a value of x . The Y and Y' quantum

numbers for ordinary quarks and leptons are

Y

I1

left-handed quarks

1

-1-

-1

-1

"E C R*H

2 2 0

2 2 2

left-handed leptons

-2

0

right-handed leptons

-It

0

It deserves to be mentioned that as far as leptons are concerned the

second neutral boson Z 2 ^ behaves like a heavy photon with a different charge

unit, so that it does not couple to the neutrino. In addition, one sees that

t R differs from u^ and c^ only in their first neutral current interaction.

The effective Hamiltonian of four-fermion neutral current interaction

is of the form

Among the ejcperimentally investigated processes mediated via neutral current

interactions are

{I) \) + e •*y + e

( I I ) v + u + v + u , v + d + v + d

( i l l ) e + u -*e + u , e + d - * e + d {par i ty v i o l a t i o n p a r t ) .

Usually the J( 's for these processes are parametrized with ten

phenomenological parameters:

-19-

- ̂ p- 17f 0+ u.

Comparing these with (U.I) and {It.2) one gets the expressions for these ten

parameters in terms of ft, ft, and k. The results are tabulated as follova

vith corresponding expressions in W-S model also listed for comparison I

3A

-i

VL u y p
/say

<f

S(6)

0

- C-i

Among the ten parameters the first eight as well as the difference

(S(6) - £(6) (= -1 + h sin 0 ) are independent of 0 and k. At present only
71

the empirical values for the first eight parameters are available , which

will be compared in the following with the theoretical values. Those for

SU(2)r X U(l) v (in which alaT0.. is determined phenomenologically) and for

SU(5) are also listed

SVU)

suw

SVU)L*UQ\

3v

0Ji(y±Q.Og

a Jo

it
-0.10

*
- o,e 30

3A

t

"~ 2,

0.32 ±<xoj

0^7*

-0.17 ± of Z

-el*

- .13*

A

0-O75

C6&7

0.07*3

°<

-072*0,15

-o.f7

y

ff.a3

0J3

-2Q-

• in i n » *.



that

The superscript • means/the value indicated lies outside the empirical range.

One sees the fit of SUt6) predicted values with empirical data quite well,

even better than those of SU(5),

The effect of mixing of ferndons on the neutral current structure will

he briefly discussed. The quarks d,s,h have the similar quantum numbers <Sf

I 3, Q and Y*, so that their mixing does not effect the structure of neutral

currents. The same applies for u^, C L and t L. The only modification comeB

from the mixing among u^, cR and tR. Hovever the second neutral current

remains unchanged, only an additional term iJ is added to J.. with

where U., stand for the elements of mixing matrix so that

(u,, o t ) = (it, CB t R ) U . (It.5)
ri n A n t\ n

{h.k) implies appearance of flavour change neutral currents among \t,, t , , "tfc,,

togetner with a modification of their neutral current strength. This mixing

must be small enough to avoid confliction with the existing data.

As regards to the new charged current interaction, only those parts

related to u, d, c, s are needed to write out explicitly

It remains to- consider the effect of thia nevrctoged current interaction
on the decay of the proton. Tine V.. -bosons alone cannot mediate proton decoy.

But Kith additional ¥ interaction, aiagrams of higher order which may lead

to proton decay are possible, such as Fig.1*.

Nevertheless, these processes are unimportant because the phase space

is extremely suppressed by the occurrance of so many final state particles.

In case n c is considerably-mixed with Xc, however, the proton lifetime may be

greatly reduced by the process shown in Jig.5. So this mixing is required to

be small (say 4 10 ). In addition, n-X mixing leads to other unobserved

processes such as in Fig.6. But the upper limit set by these processes is

not so stringent as that by proton decay.

As far as n-X mixing can be Ignored, the proton decay is mainly

mediated via superheavy bosons X̂ , and Y (i = 1,2,3) with diagrams

similar to that in SU(5) theory. The interaction of X_ and 1. with u,d,e

is of the form:

t.8)

so that i t is unimportant to the proton decay.

The values of My and IC obtained in the previous section is of order

1 0 - 1 0 GeV, which is too small. This is one of the main difficulties for
be that

this SU(6) model. It mawthe values of H and My responsible for the proton

lifetime differs considerably from those at the grand unification scale because

the magnitude q related to proton decay is only of order 1 GelP and in the

case of DSB VL. and My is presumably soft. . nevertheless, we do not think

this effect can account for such a large difference as two order of magnitude.

On account of

(U.T)

together with k presumably smaller than unity, the new charged current inter-

actions will be even stronger than the ordinary weak interactions. Its empirical

absence is attributed to its association with heavy particles. It will

manifest itself in the heavy particle decay ' if "both of them exist.

V. BRIEF SUMMAHY

The p o s s i b i l i t y of a Higgsless grand un i f i ed model SU(6) with

intermediate symmetry SU{1*) x 50(2) tfSUT is discussed with the

following results. The neutral currents fit the empirical data quite well.

The new charged current also does not lead to difficulty as far as n-X mixing

is very small. The three generations of ordinary quarks are not precisely

similar: the t quark is abnormal. Among the main difficulties are: appearance

of unwanted Goldstone bosons associated with the breaking of additional global

- 2 1 -
-22-



symmetries, a too small grand unification scale leading to an unacceptable

short lifetime for proton decay, absence of current masses for ordinary quarks.

These problems may imply thatthe unification of SU(!*) „ » SU(2) T * U(l),,
Et» h 1

to SU(6) is unsuitable. Nevertheless the SU(M-,,, * SU(2) T v U ( l ) v it3elf as
EC L -t

a possible intermediate symmetry aay merit attention, because it is compatible

with the present data and)in addition,predicts a lot of nev particles as

well as new interactions so that beyond the 100 GeV we still meet a luxuriant

oasis.
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FIGURE CAPTIONS

Fjg.l Diagrams generating masses for leptons e, y, x.

pig.2 Diagrams generating masses for charged exotic leptons Vs.

Diagrams generating masses for neutral exotic leptons.

Fipi.lt Diagram for proton decay via interactions mediated by

V and W "bosons.
V V

Fig.5 Proton decay via V and W bosons together with n-A mixing.

Fig. 6 Diagrams leading to the processes IT •+ neutral particles and

K~ •*• iT + neutral particles in case of a-\ mixing.
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