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ABSTRACT 

A family gauge symmetry SUF(2) could emerge from a 

composite model of quarks and leptons under scane assumptions 

of chiral hyperflavor symmetry-breaking pattern. Possible 

dynamical mechanisms which break the family and electroweak 

gauge group and produce quark-lepton masses are indicated 

and their phenomenologies are discussed qualitatively. 
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The family (or horizontal) gauge symmetry is one of 

attempts to solve the "generation puzzle" of quarks and 

leptons [l-4]. However, now what is its origin is still an 

open problem. The idea about that this symmetry might 

naturally emerge from a composite model of quarks and 

leptons certainly is very attractive [I]. But when building 

a composite model of SOltIe reality we must have a few 

fundamental requirements met by it, for example, 

(i) to reproduce the standard model 

SUc(3) Q SU,(2) Q U,(l) or its left-right symmetric 

generalization SUc(3) S SU,(2) B SU,(2) B UBeL(l) at low 

(present) energies; 

(ii) the 't Hooft anomaly consistency conditions should 

be subjected if the masslessness of composite fermions 

(compared to the energy scale AH [5] of the "hypercolor" 

interaction responsible for binding preons, the 

constituents, into quarks and leptons) is protected by a 

continual chiral symmetry: 

(iii) a fast proton decay (~p<lO~~*'y) should be 

avoided, etc. 

Considering that all of the proposed models so far are 

tentative, with some successes and same problems, and that 

it is the case of the model with family gauge symmetry t71, 

here we are briefly to present a scenario about a composite 

model (similar to the rishon model, quarks and leptons are 

three-preon bound states but different from the rishon 

model, the hypercolor group is SU,(4)), which will show a 
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way that a family gauge group SUF(2) could emerge quite 

naturally, moreover, under some choice it is possible to 

acquire an interesting dynamical mechanism to break the 

family and electroweak gauge groups and to produce 

quark-lepton masses. 

This model is an extension of the scheme of the 

three-fermion composite model proposed in the reference [Sl. 

We assume having two kinds of massless preons: "weak" preons 

V and "family" preons P. Fl V form 2 of multiplets (6,-j) and 

P form n of multiplets (4,3) under the hypercolor and color 

group SU,(4) B SUc(3) respectively. Hence, based on the 

confinement assumption of the hypercolor, the composite 

SUH(4)-singlet quarks and leptons are in the configurations 

(VPP) and (VPcPc), where PC represents the antiparticle of 

P. 

If the rest interactions except the local hypercolor 

might be switched off, the Lagrangian would have the global 

symmetry 

0 
GHF = SU,(12) 8 SU,F(3n) B SUE (3n) 13 UPC 1) @ U,(l) (1) 

where the subgroup SU,(12) comes from V preons (note that 6 

is a real representation of SU,(4)) and the subgroup 

SVF,(3n) W SUF,(3n) Q Up(l) comes from P preons. We can 

arrange the =JL (12) and S{(R) (3n) fundamental 

representations WL and FL(R) respectively as 
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i,j=1,2,3 i=1,2,3 

a,8=1,2 and FL(R) = (' 
iX 

)L(R) x=l ,...,n 

where II * II means complex conjugate. In (1) we have 

considered the instanton effect [lo] i.e. the hypercolor 

instantons have explicitly broken one of the axial U(1) and 

survived the other U,(l) in (1) unbroken, because it 
5wL corresponds to an axial current 2J:"-J,, without anomalous 

divergence. 

Now we assume that the 0 
GHF in (1) is spontaneously 

broken down to its subgroup 

HHF0Z4 = SUc(3)0SUL(2)0SUR(2)0SUF(n)0UB-L(1)0UB+L(l)0E4 

(3) 

by the following hypercolor condensate of V and P preons 

. Ejk’l’E. 
-jm’ n’ eaB, a’B’ # 0 

i,j,k,l,m,n,k',l',m',n' = 1,2,3; 

a,8,a',B' = 1,2; A,X' = l,...,n (4) 

were iu2Vi is used to replace Vz and B=N(V)/6+N(P)/12, 

L=N(V)/2-N(P)/4 (N(V)--the operator of number of the V preon 

and N(P)--the operator of number of the P preen). 
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We note that the color group SU,(3) has been factorized 

out. The HHF@Z4 group in (3) contains the desired 

symmetry SU,(2) @ SU,(2) Q uB-L(l) of the left-right 

symmetric extension of the standard model with a family 

group SUF(n). According to the persistent mass condition 

[201, masslessness of the composite fermions requires their 

constituents to keep massless too.F2 Therefore we prefer 

assuming the ~global chiral group SU,(2) B SUR(2), coming 

from V preons, to keep unbroken on the scale AH in order to 

protect V preons from acquiring masses (we will see later 

that it will also play a key role to protect some composite 

fermions ww and (VPcPc) from acquiring masses through 

matching the 't Hooft anomaly consistency conditions). 

Furthermore, fortunately there is a discrete chiral symmetry 

Z4 in (3), which will protect P preons from acquiring 

masses. 

In fact, the SUF(n) @ Z4 in (3) comes from the 

breakdown of the global chiral group S f(n) B Srf,(n), the 

residue after factorizing the color group SU,(3) from 

SVF,(3n) G SgR(3n) in (1) . Generally, the group 

S<(n) @ SUi(n) @U,(l) contains an axial discrete subgroup 
% 

'2n which comes from UP(l) and the center of one of the two 

chiral SsL ,(n) factors, where the chiral 
I 

charge Xp is 

conserved modulo 2n if we define X,(P,)=+l and X,(P,)=-1 for 

left-handed and right-handed P preons respectively. Because 

of containing the factor (PRIPt)(fiRX,Pkj (where the color 

indices have been omitted) in the condensate (4), it is easy 
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to see that the vector group SuEqR (n)ESUF(n) and the 

discrete chiral symmetry Z4 in (3) survived [Ill. The Z4 
symmetry will protect P preons from acquiring masses of 

order AH, as the mass terms of P preons with Xp=+2 are ruled 

out by the z4' We note here that the Z4 does not protect 

composite fermions (VPP) and (VPcPc) from acquiring -masses 

because their mass terms have Xp=+4, hence the existence of 

the Z4 does not affect on the following results coming from 

the anomaly consistency equations. 

Because the required symmetry Z4 should be involved in 

5 the original symmetry ZZn, n can be only an even number. 

It is not difficult to see that the U,(l) in (1) is 

also broken by the condensate (4) because the condensate (4) 

has the U,(l) charge equal to 4, F3 and that each preon has a 

definite baryon number B and lepton number L F4 as U,(l) and 

U,(l) are the linear combination of P preon number U,(l) and 

V preon number U,(l) which is involved in SUL(12). The 

representations of preons under the chiral "hyperflavor" 

VW? HH~ @ Z4 are shown in Table 1. 

If we compute the B-function of SU,(4) according to the 

quantum numbers given in Table 1, we find that the 

asymptotic freedom constraint of the hypercolor SUH(4) will 

limit "53 for the family group St7 (n) . To combine this 

constraint with that n must be an even number practically 

leads to the only value of n=2. Later on we will deal with 

only the case of S vF(2). 
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Because of the assumption that the electroweak gauge 

group SU,(2) B SU,(2) B UB-L(1) is not broken by the 

hypercolor condensate of preons at all, SO the hypercolor 

scale AH in the model should not be connected to weak 

interaction scale at all. In contrary, the family group 

S3(2) which will eventually be gauged could assumably be 

broken by the condensate, as a reasonable consequence, the 

'LH should be related to the family gauge interaction scale 

AF i.e. AF"AH. Hence the spontaneous breaking of the family 

gauge group SUF(2) could be caused on the scale AH, for 

example, by the following hypercolor condensates of P preons 

<(F RilP;l)2> # 2<(5BilP;l) (FRi2PZ2)> # <(FRi2P;2)2> # 0 

i,j = 1,2,3, (5) 

and the 3 family gauge bosons will thus acquire masses of 

order mF"hF"AH. Based on the analyses of rate for rare 

processes [31, the lower bounds for mF must lie in the 

lo-100 TeV region. This means that we must have 

AH-AFzlO-100 TeV in the model. As far as the chiral 

symmetry-breaking caused by the condensate (4) is concerned, 

its symmetry-breaking scale AHF might be AHFzAH on the basis 

of some conjecture from the recent research results of 

lattice gauge theory (121. 

The spontaneous breakdown of the global group GiF in 

(1) to the group HHF f9 Z4 in (3) will be accompanied with 

appearance of 196 goldstone bisons, corresponding to the 
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The spontaneous breakdown of the global group GiF in 

(1) to the group HHF @ Z4 in (3) will be accompanied with 

appearance of 196 goldstone tosons, corresponding to the 

number of the broken generators of GiF. However, it can be 

shown [9] that most of these bosons become pseudogoldstones 

with masses of order l-3 TeV when color, electroweak and 

family gauge interactions are turned on and the goldstone 

boson connected to the breaking of the U,(l) will be an 

invisible axion. Therefore, the appearance of these 

goldstone bosons does not affect low energy phenomenology. 

Now we can discuss the anomaly consistency conditions 

based on the unbroken chiral hyperflavor group HHF B Z4 

assumed up to now.F5 The HHF-representations of the 

composite fermions as SUH(4)-singlets are listed in Table 2. 

Following 't Hooft (61, we specify an index for each 

representation. The anomalies come fran the three-point 

functions [SUL(2)12 UB+L(l). Taking n=2, we obtain the 

following two anomaly consistency equations: 

3(1 1+*ql++812++lU13+f2q2,+5q3+) 

12 (‘3 
+ (11-'q1-+812-+1U13-"2q2-'Sq3-) = 

6 (7) 

In general speaking, there will be some non-physical 

solutions because the anomaly consistency equations are 

necessary but not sufficient conditions of keeping composite 

fermions massless. Thus we have to seek more constraints in 
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order to obtain the possible physical solution. The term 

"possible" means that at least it will illuminate some 

interesting scenario although it has not yet been proven. 

Hence we can assume that a realistic solution will have 

ISil=l’il 

and/or 

(8) 

(9) 

(8) implies that the quark and lepton generations in nature 

may have one-to-one correspondence, and (9) is what of 

following reference [7]. 

However it is found that if simultaneously considering 

the two anomaly consistency equations (6) and (7) we could 

not be led to any satisfactory solutions. For instance, 

when excluding exotic colored fermions and considering the 

constraint (8) but the (9) only for SUF(2)-nonsinglet 

indices, we have the solution 

A:ll+=-ql+ =l (triplet), ll-=ql-=6 (singlet) 

and the rest indices are equal to zeros. 

In the above parentheses the corresponding 

SUF(2)-representations are indicated. The solution A 

contains 9 generations, in fact, that not only conflicts 

with the Big Bang theory of cosmology (the nmber of 

neutrino species n$4 [19] according to the prediction of 
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the Big Bang theory) but also has some trouble with the 6 

generations belonging to SUF(2)-singlets for distinguishing 

them. When exotic colored fermions are allowed and both (8) 

and (9) are taken into account the situation becomes worse. 

Therefore, this causes us to consider another case in which 

the global subgroup UB+L(l) in (3) is broken spontaneously 

on the scale AH. 

From the requirement of phenomenology, the breakdown of 

UB+L(l) must not affect on the desired gauge symmetry 

X7,(3) Q SU,(2) 61 SUB(2) S UBeL(l) Q SUF(2) and avoid "fast" 

proton decay and strong coupling of the induced goldstone 

boson with the rest particles. In fact, the hypercolor 

condensate which breaks UB+L(l) but keeps the symmetry 

SU,(3) B SU,(2) B SUB(2) a UBmL(l) Q SvF(2) must be 

ExPp f 0 (10) 

We see from Table 1 that the S-fermion condensate 

((?Vc)2(FPc)2) in (10) has B=L=-1, hence it gives rise to 

the processes 'of A(B+L)=2 such as c+ uu+d e etc. Obviously 

the effective coupling responsible for the change of B+L is 

roughly proportional to l/A: [131. When AB z 10 - 100 TeV 

this coupling will predict proton lifetime 

TP 
> 6 ~(10~~ -1048) years, which does not conflict with the 

present experimental data [14,221. 
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The goldstone boson $ produced by the spontaneous 

breaking of the UB+L(l) is coupled to matter with an 

effective coupling $lqqq. The effective coupling constant 

g$-lsss 
is proportional to mq/$, where we have used the 

general result that, at tree level, a goldstone boson has 

only derivative couplings with fermions thus the coupling 

constant has order mf/hH (if Yukawa coupling) or mf/Ai (if a 

coupling such as 4lqqq) where mf is the fermion mass (151. 

Because of the smallness of mq(m 
bH 

A c<l when mq=mu or ma) 

g$-lw2 
is very weak so that the goldstone boson is 

practically invisible. 

So far we come to the case that UB+L(l) is broken 

without any consequences forbidden by phenomenology and 

'B-L 1') survives, therefore the anomaly consistency 

conditions turn to the equation (7) only now. If we are 

confined to the case that the asymptotic freedom of Q2D at 

the composite level is kept or has only small violation at 

the high energies near AD, the several simple solutions of 

equation (7) with the conditions (8) and (9) are 

B:#ll+=-ql+=l (triplet) 

C:#l1+=-q1+ =l (triplet),ll-= ql-= 1 (singlet) 

D:#ll+= ql+ =l (triplet),ll- =-ql-'-1 (singlet),12-=l (singlet) 

E:#ll+= ql+ =l (triplet),12-= q2-= 1 (singlet) 

and the rest indices are zeros for each solution (B,C,D and 
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El . 

The solutions B and C correspond to the cases of three 

and four generations of quarks and leptons respectively 

without exotics. In these cases the dynamical breaking of 

the electroweak gauge group SU,(2) G SUS(2 @ UBsL(l) (when 

we switch it on) will be a problem, so some new mechanism is 

needed, for instance it may be realized by introducing a 

technicolor force with energy scale ATc - 1 TeV and 

technifermions belonging to the fundamental representations 

of the technicolor group GTC, SUH(4)-singlets and the same 

representations as quarks and leptons under the subgroup 

SUC(3) G SU,(2) G SU,(2) 8 UBsL(l). It is no doubt that this 

mechanism works [16] but it is not absorbing as the relation 

between the hypercolor and the technicolor is trivial. 

A more interesting case is the solution D. It contains 

one generation of color 8-plet lepton 1, as well as four 

generations of the ordinary quarks q and leptons 1. The 

existence of 1 8 make it possible that the color condensates 

of lsLisR(@8), ieL1&(AL) and i8,1&,(A,) [23] will break 

dynamically the electroweak gauge group 

SU,(2) G SU,(2) G UBsL(l) and parity such as the technicolor 

condensates in the technicolor theory [16), because the 

color force between exotic leptons 1S might be stronger than 

ordinary quarks q thus the mass scale AC of the chiral 
8 

symmetry-breaking in I8 sector could be up to - 1 TeV. This 

mechanism was first proposed by Marciano [171 and seems to 

be supported by recent Monte Carlo study on lattice gauge 
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be supported by recent Monte Carlo study on lattice gauge 

theory by Kogut and others [12]. We also note that there 

could be the effective interactions like (gor/A~)~"18~8qr 

(U,T are family indices and the similar couplings are valid 

to leptons), then with the color condensates 
3 ~181g~"A~8"(1 TeV) , we can obtain quark and leptons -masses 

of order = A 3 /A:. 
'8 

This is just the mass generation 

mechanism suggested by by E. Guadagmini, K. Konishi, 

P. Sikivie and J. Preskill [181. Moreover, we can 

reasonably attribute the interfamily splitting to the 

different effective coupling constants 4mr a natural 

consequence of breaking of the family group SUF(2) on the 

mass scale AH, and the large Majorana masses of the 

right-handed neutrinos and the small masses of the 

left-handed neutrinos to the effect of color condensate 

<l8R1;L> [231. With the help of this mechanism and the 

self-energies of the various interactions in this model, it 

is hoped to obtain correct masses of quarks q, leptons 1 and 

The similar mechanism arise also from the solution E 

which contains one generation of color 6-plet quarks q6 and 

8-plet leptons 1S as well as three generations of q and 1, 

thus we will have another scalar color condensate of 

q6LG6R($6) added to those formed by lgL and 18K. However, 

this only slightly complicates the scenario technically. 
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If the above mechanism is true, the most characteristic 

is that the lifetimes of the weak interaction bosons WL R, 
, 

'i R 
0 

and K1,2 will be shorten because the weak interaction , 
bosons could decay to 18'18 and/or q,,;i, as well as q,: and 

1,i if their masses are greater than ml +y and/or 
* * F6 

mq6+mii6 
in addition to the exotic quark-lepton physics. Finally we 

note that there exists universality of the weak interaction 

because we have accepted the scheme of the 

SDL(2) G SD,(2) 8 DB-L(l) gauged. We will discuss these and 

the masses of q,l,la and/or q6 in detail in another paper. 
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FOOPNCJPES 

FIWeak gauge interaction will be carried by V-preons and 

family gauge interaction will be carried by P-preons and 

that is the reason why we name them weak-preons and 

family-preons. 
F2 S. Dimopoulos et al. argued that this condition may be 

loosen [21]: provided the constituents' masses are less 

than a certain critical mass mc it is possible to obtain 

massless composite fermions. But it does not influence 

our discussions. 
F3 As a result of this breakdown, we have a discrete chiral 

=; symmetry left too. However the mass terms of P preons 

have U,(l) charge equal to +4 occasionally thus the =; 
does not protect the P preons from acquiring masses. 

F4 If we take the "economic principle" f71, i.e. the 

massless composite fermions are in those configurations 

containing only three "valence" preons, then such color 

triplets and co1 or singlets as (3V+2P) (B=2/3,L=l) and 

(5V+4P)(B=7/6,*3/2) (refer to Table 1) which have exotic 

B- and L- nlnnber will be excluded out of the massless 

composite fermions. 
F5 In spite of the fact that the family gauge group 53(2) 

has been broken on the scale AH we have still included it 

in HHF so as to classify generations of massless composite 

fermions according to SUF(2) representations. 
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F6 The exotic quark-lepton physics means all of the phenomena 

such as exotic baryons and mesons, hidden exotic mesons 

e.g. - - 9646' lala boundstates, the production of the exotic 

quarks - q6(46) and leptons la(la) by photon, weak 

interaction bosons and gluons etc. 



-17- FERMILAB-Pub-83/33+cHY 

REFERENCES 

[l] K. Akama and H. Terazawa, INS-Report-257 (INS, Univ. 

.of Tokyo) April 15, 1976. 

[2] T. Maehara and T. Yanagida, Prog. Theor. Phys. 60 - 

(1978) 822 and 61 (1979) 1434; 

F. Wilczek and A. Zee, Phys. Rev. Lett. 42 (1979) 421. 

f3] R.N. Cahn and H. Harari, Nucl. Phys. B176 (1980) 135. 

(41 0. Shanker, Phys. Rev. D23 (1981) 1555; - 

D.R.T. Jones, G.L. Kane, J.P. Leveille, Nucl. Phys. 

Biga (1982) 45. 

[5] G. Wolf, Report No. DESY *O/13, 1980; 

D.P. Barber et al., Phys. Rev. Lett. 43 (1979) 1915; 

R. Brandelik et al., Phys. Lett. 94B (1980) 259; 

J. Bailey et al., Nucl. Phys. B150 (1979) 1; 

G.L. Shaw, D. Silverman and R. Slansky, Phys. Lett. 

94~ (1980) 57; 

S. Brodsky and S.D. Drell, Phys. Rev. D22 (1980) 2236: - 

E.J. Eichten, K.D. Lane and M.E. Peskin, Preprint, 

FERMILAB-Pub-83/15+rHY. 

[6] G.'t Hooft, Carg&e Summer Institute Lectures (1979); 

Y. Frisfanan, A. Schwimmer, T. Banks and 

S. Yakielowicz, Nucl. Phys. B177 (1981) 157. 

[7] I. Bars, Phys. Lett. 106B (1981) 105; Nucl. Phys. B208 

(1982) 77. 



-ia- FERMILAB-Pub-83/33-THY 

[El Chang Chao-hsi, Wu Yong-shi and Zhou Bang-rong, Nucl. 

Phys. B212 (1983) 519. 

[9] Zhou Bang-rong , 

preparation. [ 

(1976) 8; Phys . 

Chang Chao-hsi and Wu Yong-hsi, in 

101 G. 't Hooft, Phys. Rev. Lett. 37 - 

Rev. D14 (1976) 3432. 

[ll] H. Harari and N. Seiberg, Phys. Lett. 115B (1982) 450. 

[12] J. Kogut, M. Stone, H.W. Wyld, J. Schigemitsu, 

S.H. Shenker and D.K. Sinclair, Phys. Rev. Lett. 48 - 

(1982) 1140; 

J. Kogut, M. Stone, H.W. Wyld, W.R. Gibbs, 

J. Shigemitsu, S.H. Shenker and D.K. Sinclair, 

ILL-(TH)-82-39. 

1131 R. Chanda and P. Roy, Phys. Lett. 99B (1981) 453; - 

R. Casalbuoni and R. Gatto, Nucl. Phys. B199 (1982) 

119; Phys. Lett. 108B (1982) 117. 

[14] F. Reines and J. Schultz, Surveys in High Energy Phys. 

1 (1980) 89. 

[15] G.B. Gelmini, S. Nussinov and T. Yanagida, preprint, 

x/82/157. 

[161 For a review see: Farhi and L. Susskind, Phys. Rep. 

~fl (1981) 278. 

[17] W. Marciano, Phys. Rev. D21 

[la] E. Guadagmini and K. Konishi 

165; 

P. Sikivie, Phys. Lett. 103B 

J. Preskill, DPF (1981) 572. 

(1980) 2425.~ 

, Nucl. Phys. B196 (1982) 

(1981) 437; 



-19- FERMILAB-Pub-83/33-THY 

[19] There are quite a lot of works on the estimate of the 

species of neutrinos based on the cosmology, e.g. one 

of them is the talk given by S.M. Turner, Proceedings 

of Neutrino-81 at Mani, Ed. R.J. Cence et al. P-95. 

1201 J. Preskill and S. Weinberg, Phys. Rev. D24 (1981) - 

1059. 

1211 S. Dimopoulos and J. Preskill, Nucl. Phys. B199 (1982) 

206. 

[221 Kolar Gold Mine Experiment claimed T -7.5~10 30 
P 

years. 

M.R. Krishnaswang et al., Phys. Lett. 115B (1982) 349. 

[23] R.N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44 - 

(1980) 912; Phys. Rev. D23 (1981) 165. - 

R. Barbieri, R.N. Mohapatra and A. Masiero, Phys. 

Lett. 105B (1981) 369. 



E 
z ii 
E .b r ” 
“0 
2 .g 0 E 
i% 2 
iit 
N” 
0 
k I 
al 
E 

-z 
xo 0 
3 
c 
-2 $? $2 
9 

=+I ,\rn Am 
9 I 1 

5 
Lf F 

59 a.-- 
3 
iii 
-i 
i?Jl 
s % 3m ul 

s 
I>' m 0-J 

>' 

0 

m 

m 

>" 

T; 

2 2 
I I 

,\” -Yrn 
+ + 

q q 

q q 

q Cl 

aJ a” 



Table 2 The representions and indices of composite fermions under group Ii,, 
(The suffix:‘+” and “- ” in on index refer to the representatiansm (or a3 1 
and B (or 8) of SUF(n) respectively) 

(VPP) B-L=B+L=?+ (VPCPC) B-L--l, B+L=+l 

(v,i,m+ek~,+ (v,~F+E+~,+ ( IP,P+EI)~,~ (l,l,n,m+EI k-P,? 

m,v,m+e jq2? m,4vo+s)-q2+ 
-- 

(RaAm+wz+ w,l,“,=+El 1-I 2t 

KP,a,l,‘IJ+E )q3+ w?l,vwLq,+ m3,a,l,~+e)~3, 033,1,D,=+8 l-j,+ 
-- 


