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SUMMARY 

The preen scale Ap is bounded from below by rare 
or unobserved processes and from above by the 
cosmological abundance of stable heavy composites. On 
the other hand composite models can be tested by the 
Superconducting Super Collider (SSC) or by low energy 
precision experiments only if A is allowed to be at 
most 5-10 TeV. In search of sue~ models we re-examine 
some conditions that must be fulfilled if A is small, 
and point out the possibility of certain Pmechanisms 
that could avoid the dangerous rare processes. In 
addition, certain properties of exotic composite 
particles, their possible role in breaking the 
electroweak symmetry and in producing observable 
signals beyond the standard model are also discussed. 

1. LOW ENERGY CONSEQUENCES OF 
PREON SYMMETRIES 

The structure of a preen theory is similar to QCD 
in many ways. Quarks are confined by color forces at 
a scale AOCD to form hadrons; pr eons are confined by 
precolor rorces at the scale A to form composite 
quarks and leptons (and maybe somg exotics). Like the 
quarks, pr eons come in several (pre) flavors that 
define the preonic symmetries. The major difference 
from QCD is that the preonic chiral symmetries must 
remain unbroken in the vacuum 1 • They are slightly 
broken when perturbed by another force which is small 
compared to precolor. This generates the small 
masses, m<<Ap' of quarks and leptons. 

At low energies (E<<A ), in analogy to the sigma 
model that follows from QCB, we may write an effective 
theory (see e.g. ref. 2) that describes the low lying 
composite states of the preen theory. This must have 
the form 

Lerif • L(standard) + L(non-renormalizable). 

The symmetry structure of Leff is dictated at the 
scale A where the bound states form. At A all known 
fqrces P(including QCD) are small compa~d to the 
confining precolor interactions. It is therefore 
u~·eful to consider the limit in which all forces 
e_ircept for pr ecol or is turned off. The fully 
cnnserved preonic flavor symmetries GF that show up in 
this limit govern the classification of all composite 
states. These may include 

(1) 3 or more generations of massless quarks 
and leptons 

(ii) Massless exotics (color, weak isospin, 
charge) 

(iii) Heavy composites m > A classified in 
irreducible representatPons {r} of GF 

Only the states (i) and (ii) are included in Leff' At 

energies E > A the states (iii) are also considered. 
- p 

The symmetries GF also govern the structure of 
the 4-fermi and other non-renormalizable interactions 
that appear in the effective low energy Lagrangian. 
SU(3) x SU(2) x U(l) must be a subgroup of GF. It is 
gauged. The classification and structure of 
interactions provided by GF are only slightly changed 

when QCD, electroweak or other mass generating 
interactions are turned on (however, the model should 
have the property that these symmetry breaking 
interactions must not mediate undesirable levels of 
neutral ll.S l,~or other reactions that may be 
introduced via mass generation and "Cabibbo" mixing). 

The important role of the 4-fermi interactions 
for testing compositeness at low energies was first 
discussed in Ref. 2 and later in the 82 workshop' and 
other articles•. In the effective theory the 4-fermi 
interactions are assumed to have the strength A2 /2A 2 

• 

If they mediate a rare or unobserved process then R 
may be re qui red to be large. Here are some of thg 
bounds on AP taken from Ref. 2. 

Process Limit on A 

Proton decay A > AX 10 1 • TeV 
K 0 -~ 0 mixing AP > A x 400 TeV 
D~-D 0 ~ixing AP > A x 50 TeV 
K + 1T µ e AP > A x 30 TeV 
KL + µ e AP > A x 25 TeV p 

Naively the magnitude of A (unless 11=0 because of 
symmetry) is estimated to be of order 1 by analogy••• 
to QCD. [Note different definitions of the scale A 
used by others authors•'•.] We see that from the 
point of view of the SSC the most interesting models 
are those with enough symmetries that require A=O to 
supress each one of the above (and similar rare) 
processes. 

It is remarkable that many of the proposed preen 
models can be banned from the TeV regime (i.e. A >>few 
TeV) thanks to the existence of the few preBision 
measurements listed above. There are proposed 
experiments to improve the limits of K-decays. The 
impact of future experiments on A can be estimated by 
not 'i ng that the dependence of tRe decay rates on A 
is quart1c 2 : r (K-decay)-(1/Ap)'. p 

It is not difficult to find models 2 with 
symmetries that suppress the 4-fermi and higher 
dimension interactions (1.e. A=O indentically) that 
mediate (1) proton decay, (2) K 0 -~ 0 mixing and (3) 
D0 -D 0 mixing. The criteria to eliminate these are as 
follows 2 : ( 1) Baryon number must be one of the 
cons·erved quantum numbers in the form of a U (1) 
embedded in G . ( 2) There must be no symmetry 
embedded 1n Cf.: that can transform the left-right 
components of t'he co"l?oslte strangecquark when written 
~n the form (sL's ) , where s is the charge 
conjugate of sR. Th1s may be asJk.ed by req uiring 
s L' sra to belong to distinct representations of the 
(subJgroup(s) or G . (3) There must be no symmetry 
in CF that can m1f the left-right components of the 

• 0 c 
composite charmed quark in the .form (c L, c I.) where c L 
J,s tlle ch;:irge conjugate of c . Aga:rn, 'this may be 
assured by requ.iring cL , o ~o belong to d~stl not 
repr esentatlons of the <Yub )group(s.) of' cl" . [ The 
following provides an undes i rable examplei if t he 
Georgi-Glashow SH(5) is embedded in GF then the 
.lQ_ contains (cL,c L) and they can mix yia a generator 
of SU(5)<GF.. ~f tnis happens then o0 -D 0 mixing will 
occur via the 4-fermi interactions, and will require 
A > 50 TeV]. These criteria are compatible with the 
s~metry structure of the standard model based on 
SU(3) x SU(2) x U(1) which is expected to emerge as 
the low energy limit of the preon theory. 
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However, as pointed out i n r ef. 2 , the case of 
K-decays is more delicate be cause, unlike the other 
proceses, A=O may not be so easy to achieve by 
symmetries which classify the ~uarks+ a~d leptons 
together in repetive families. K ... lT µe or K ... 
µe can be eliminated by symmetries only b~ deviat\ng 
from the intuitive classification of families 
suggested by the standard model as described below. 

The mass spectrum of quarks and leptons together 
with SU(3) x SU(2) x U(l) anomaly cancellation 
arguments within the standard model have led to the 
notion that a single family contains both quarks and 
leptons and that there exists at least 3 families of 
increasing masses. A complete family contains 16 or 
15 fermion degrees of freedom. [The structure of 
Grand Unlf ied Theories reinforces the notion that 
quarks and leptons belong together in one family.] 
The repet1 ti on as replicas of the first one is not 
explained in theories of elementary quarks and:a. 
leptons. In composite models it has been suggested 
that the repetition is required at least in certain 
classes of models, due to anomaly cancellation of 
precolor in the underlying preen theory, thus 
connecting the exlstance of families to underlying 
dynamics. 

In the limit of zero gauge couplings for SU(3 ) x 
SU(2) x U(1), and absence of a Higgs, the standard 
model shows a big symmetry: SU(48) (or SU(45) ... 1S ~e.r 
family) corresponding to 48 (or 45) left handed free 
fermions. Thus, in the absence of the gauge couplings 
and masses in the standard model the family structure 
is completely washed out. This ls an accident simply 
because L (standard) is quadratic in the fermions. 
However, in a composite model, if there is a family 
structure, it will show up in the structure of the 
4-fermi and other non-renormallzable interations. 
Thus the preonic symmetry GF that provides a family 
structure must be a subgroup of SU(48) or a larger 
group if there are more families. There are, of 
course, many possibilities, but the one that suggests 
itself most intuitevely (when the masses and gauge 
couplings are turned on) is a cross product of the 
form 

(1.1) 

where GV (V for vertical) acts on the 16 (or 15 ) 
members of a family, and is the same for all families , 

SU(16) > GV, ( 1. 2) 

While G (H f or horizontal) acts on the 3 families. 
In the ~1mit or zero:·c~ might satisfy U( 3) > GH or 
U( 3) x U(3) > G , eti:: , depending on t he number of 
irreducible repres~ntations in which GV classifies the 
16 fermions. [Examples or such structures occur also 
in grand unified theories; e.g. for S0(10) grand 
unification G - S0(10), GH=U(3); for SU(5) grand 
unification ~ =SU(5), GH=U(3) • x U(3) 1 0 ; for 
Pat1-Salam unifYcation Gv = SU(4) x SU(2\ x SU(2)B, 
G = U(3) xU(3) etc]. The main thing to notice Is 
n~t the L parti~ular grOUj). but the vertical x 
horizontal s tructure that one might expect i f famil i es 
are to be explained by composi teness, and that such an 
explanat i on is likely to lump together quarks and the 
leptons of 1 family withi n representati ons of Gv. 
Thi s type of structure includes the poss ibiliti es t hat 

a) Family quantum numbers are carried by a set 
of family preens while the rest of the usual 
quantum numbers are carried by other pr€ons. 

b) Family quantum numbers come from scalars or 
pairs of fermions tha t occur different 
number of times in different families. 

c) Family quantum numbers come from radial 
quantum numbers. 

Thus, under the assumption GF - Gv x GH, where GV 
lumps quarks and leptons in one family, and G 
distinguishes families, we may analyze the kinds cl! 
4-fermi interactions that must occur with a coupling 
A 2 /2AP 2 , where 71 is of order 1. Her:e '.:!e find that 
there is always a term that mediates K ... ll µe and/or 
KL ... µe, namely 

where the o-index implies that these are the states 
before mass generation or Cabibbo mixing is taken into 
account. Assuming that these mixing angles are not 
large we see that the symmetry GF=GvxGH can never 
eliminate this term and thus we must require 

AP ~ (20-30) TeV. ( 1. 4) 

[Note that the decays occur for zero Cabbibo angles.] 
Models satisfying the reasonable assumptions above are 
therefore just beyond the reach of the SSC (E (max)• 
1 O TeV in parton + parton center of mass w1 th any 
appreciable luminosity). 

Any model that manages to avoid th'e conditions of 
the theorem above is likely to do it in one of the 
following ways: either 

( i) Quarks and leptons are not linked within a 
family. 

or (11) There is a set of one or more preonic 
U(1)'s that assign different quantum 
numbers to quarks than leptons and 
simultaneously distinguish families. 

or (iii) The mixing angles are large so that the 
mass eigenstate t,µ,s,d correspond to e 0 =t, 
µ 0 =µ, s 0 =s, d 0 =d. Instead of t, e 0 may 

correspond to an even heavier lepton. 

To these one could add less attractive possitilities 
that destroy the repetitive family structure, but we 
will not consider them here, since understanding 
family repetitions ls one of the goals of 
compositeness. 

In the first case it is evident we must give up a 
simultaneous explanation of quarks and leptons 
belong! ng to the same family. In such models it may 
turn out that leptons could artificially be added to 
the models by throwing in preonic degrees of freedom 
that are not required by the precolor dynamics. That 
is the model could be constructed for only the 
quarks 7 • We recall that the U ( 1 )Y gauge anomaly in 
the standard model is the only evidence of a link 
between quarks and leptons of the same family. this 
guage coupling has nothing to do with the pr ecol or 
dynamics that yield composite quarks and leptons. A 
model which does not provide a dynamical link between 
quarks and leptons (in the absence of negligible 
couplings) may be possible, but we have to ask how 
palatable it is, since it breaks one of our intuitive 
expectations. 

In the second case I suggest that it is 
attractive to associate the desired global U(1)'s with 

-833-



the hypercharge Y of the standard model, since this is 
the only apparent link between quarks and leptons in 
each family. For example, consider 3 conserved 
preonic U(1)'s that assign sepQrately the hypercharges 

in each family. [The gauge U( 1 )y is the 
"diagonal" U(1)]. These U(1)'s or an appropriate 
discrete subgroup embedded in them are sufficient to 
eliminate the dangerous terms of type (1.3). While 
this sounds attractive a model of this type has not 
yet been constructed. 

The third case• of large mixing angles is also 
counter intuitive. However, here there may be room 
for much further investigation since an attractive 
mass generating mechanism does not yet exit. Note 
that even though mixing angles may completely be 
rotated away in the lepton sector in L (standard) 
(certainly so, if \IR do not exist), this is not 
necessarily the case in L( 4-fermi), Since L( 4-fermi) 
is not quadratic in the fermions. Thus, in this 
mechanism the burden of suppressing KL, K+ rare decays 
rests with the mass generating mechanism without 
compromising the suspected linkage between quarks and 
leptons. The classification scheme for mass 
eigenstates is then expected to look as follows 

-
1st family (~)L UR dR ~i)L tR \)tR 

2nd family (~)L CR SR ~~)L µR \)µR (1.5) 

t 
3rd family (b)~ tR bR ~~)L eR veR 

where u, c, t are the (u,c,t) mass eigenstates 
rotated by the Cabibbo-Kobayashi-Maskawa mixing angle. 
With such a mass scheme, e.g. some of the models 
discussed in ref. 2,6 would completely avoid all the 
bounds discussed above. 

Furthermore, by mixing the (u,c,t) quarks rather 
than the (d,s ,b) quarks, M=111neutral current 4-fermi 
interactions do not occur. the family changing 
interactions that are generated by this mixing scheme 
are not restricted by known phenomenology. In 
L(standard) it does not matter whether the ups or the 
downs mix, however, in L(4-ferm1) it makes an 
important phenomenological difference. Of course, the 
mass generating mechanism holds the secret for why the 
ups rather than the downs (or both?) should mix. 

An example of trouble free 4-fermi interactions 
that illustrate the points above is explicity 
exhibited ln section 3. 

2. COSMOLOGICAL UPPER BOUND ON A 

In the previous section we discussed bounds 
coming from low energy physics. However, cosmological 
consideration can help probe the heavy sector M - A 
of a preon model if there are long lived states. Thig 
idea was first implemented ln ref. 6, as outlined 
below. 

A preon model often has some (naively) conserved 
U(1) quantum numbers. The low mass quarks and leptons 
can be taken neutral under some U ( 1 ) but some heavy 
states are charged. Then, in the same way that the 
proton ls stable, such states are also (naively) 
stable. 

Note that I emphasized naively conserved U ( 1). 
This is because after stronger precolor lnstanton 
effects this U(1) may be broken (lt is broken in ref. 
6). However, one must still analyze the effect! ve 
instanton interaction and estimate the rate at which 
the heavy state ls allowed to decay. Then, an 

interesting huge suppression may be found if the only 
allowed decays are to a large number of particles, 
des pl te a strong effect! ve coupling constant. For 
example, t ti'e""lif etime of a heavy scalar particle, 
M-A , that decays to N massless particles in the final 
stage must be larger than 

1 (16TI 2~-l (3N-4)! 
t;: (G'A ) (4N-4)1 (2N-1)! (2N-2)! 

p TI 
(2.1) 

Here G is a dimensionless effect! ve coupling that 
measures the strength of the (instanton) interaction. 
A realistic model may require N of order 16, 
corresponding to the 16 members of a family, as in the 
example considered in ref. 6. Then 

( 100 TeV) 
0 1 A p 

(4 x 10") years. (2.2) 

Thus, even for a large value of A , the lifetime of 
such a particle is larger than ttPe lifetime of the 
universe. This illustrates that U(1)'s that are 
broken by instanton effects should not be dismissed, 
as they may still lead to almost stable particles. 

In the event that a pr eon model has long lived 
particles (even for lifetimes than several minutes), 
cosmological considerations can put limits on its A . 
In ref. 6, mainly the case of t 2 t (universe) wag 
discussed. It is estimated that the abundance of such 
stable particles in today's universe is 

(N ) ( Ap ) 
1 (Mplanck) (2.3) 

NY today M-- n A 
plan ck p 

For these not to dominate today's matter (baryons) 
dominated universe, we must require 

AP :> 250 TeV. ( 2. 4) 

It may be possible to improve this bound by taking 
into account clustering of such particles in the form 
of galaxies. In any event, the fact that there is an 
upper bound in certain potentially realistic models 
and that the bound is fairly low is rather interesting 
from the point of view of the SSC. 

3. A MODEL WITH EXOTICS 

A preon model can be tested at 
has exotic bound states that are 
the (massless) quarks and leptons. 
states is likely to be in the range 

< m < 

low energies if it 
GF - partners of 

The mass of such 

(3.1) 

thus requiring energies lower than A for discovering 
them. The recent jet act! vi ty aroJhd m-150 seen at 
the UA1 and UA2 detectors at CERN may be attributed to 
exotics, as discussed in the Compositeness Subgroup at 
the SSC Workshop•. The model presented here is an 
example which has a minimal number of exotics [1 color 
nonet (8+1)], and can provide signals of the type seen 
at CERN. 

The precolor group is taken as G =SU(4)xSU(4) and 
the preons are placed in the threeP representations 
R 1 =(~.~), R2 =(4,1), R3 =(1,4). The numbers and 
helicities of the preons are 

(3. 2) 
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Thus, the preflavor symmetry GF which classifies the 
preens and composites is (after instanton effects) 

GF = SU(4) x SU(10) x SU(6) x [U(1)] 2 xZ 2 (3. 4) 

The massles composites which satisfy anomaly, 
decoupling and certain other conditions for the entire 
conserved GF are: 

(4 10 1) (1,~) (4 1 6)(0,1) 
' ' L ' ' R 

(3. 4) 

This solution was used before in refs. (2,6) (without 
exotics) with a different interpration of the "flavor" 
quantum numbers than the one suggested below. 

We embed SU(3) x SU(2) x U(1) in GF so that the 
preens are classified as follows: 

The subscripts are the U(1) quantum numbers. Note 
that this embedding is anomaly free for gauged SU(3) x 
SU(2) x U(1), as it should be. QCD is embedded in 
SU(4) a la Pati-Salam. Therefore, the composites are 
classified as (it--.. ~ .. l ) 

( 4, 10, 

( 4, 1' 

/' 
1\ 

3: 

\.. 1: 

3x(3,2)~16 +C3, 1)~13 +(1,1, )~+(8, 1 )~ 

3x(1,2)~ 112 +C}, 1)-~/3+(1,1) \ 

3x(3,1l~13 +3x(3,1); 113 

This corresponds to 3 usual families of quarks and 
leptons plus a fourth up quark, plus a color nonet 
(3x3*,1) = (1,1)L 0 + (8,1)\ and a singlet (1,1) 0

• 

The quarks and leptons may be indentified as in (1.5) 
so that A is not restricted by the rare processes 
discussed ~n section 1. 

The point of this model is the presence of the 
nonet so that the singlet and octet have the same 
global quantum numbers, corresponding to a conserved 
U(1) embedded in GF. Suppose the octet is heavy. If 
produced in PQ reactions at CERN it can decay to a 
pair of quark + antiquark plus the neutral singlet 
that carries the same globar-Quantum number as the 
octet. Thus in the final state one would see a pair 
of highly energetic jets plus missing energy. Since 
one of the quarks may sometimes be slow, the event 
(after the cuts) can also look as 1 energetic jet 
plus missing energy. The cross section for production 
+ decay is quite large and can explain the rates seen 
at CERN, as discussed in the composi teness group in 
this workshop. 9 Note that the octet of this model has 
some proper ti es similar to the gl ui no in 
supersymmetric theories, if the gluino its taken at 
around the same mass, and may be confused with it. 

More model independent properties of exotics, are 
discussed in ref. 9. 
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I wish to propose another important role for 
exotics in a composite model. Marciano 10 suggested 
that high color states (6, 8, 10 etc.) may condense at 

the electroweak scale Fw - 250 GeV, thus providing a 
mechanism of mass generation analogous to techni color 
but only with QCD forces. In the context of composite 
models this idea is quite attractive because 

(i) Exotics occur naturally 

(ii) The 4-fermi interactions provide masses for 
quarks and leptons after condensation. 

In the models of elementary quarks and leptons 
discussed in ref. 10. it was difficult or unattractive 
to implement a substitute for (ii). 

To use this mechanism one must address 
questions 12 about the asymptotic freedom of QCD 
because, if QCD looses its asymptotically free 
behaviour due to many exotics, condensation would take 
place at the highest values of "'QcD, thus at the 
highest scales. This is not desirable. For this I 
emphasize that in a compositllmodel we must separately 
consider the calculation of QCD in the regimes below 
A and above A . Below A there .are few and 
n8n-exotic preens~ In terms oP preens ~QCD must and 
oan easily be negative for asymptoti"'c f r eedoi, to be 
correct. Bel·ow A the behaviour or QCD or QCD may 
be smooth or cornift~cated depending on the ,r,umber of 
exot i cs and t heir thr esholds . In t Qe rang,e QCD < µ < 
h condensation wlll occUI" lf QCD 1µ7attains the 
c~lti cal value at µ .,,, P11· • 250 Ge V 

"'critical "'QCD (F ) 
w 

(3. 7) 

["'cri tic<il may approximately be estimated 1 0
, 

11 via 
the quadratic casimir for the exotic representation R, 
C2 (R)O((F,,.)=1] 

For µ > Fw, o:(µ) must never exceed o:critical, 
otherwise the scheme will not have any meaning. Two 
possibile situations are shown in Figs. 1 and 2 

II 

Fig. 1. Few exotics. B < 0 for all scales . 

It 

Fig. 2 . Many exotics. S> O abovP :1111 llll'•'''h'ld . 
B < 0 above AP. 



In Fig. 1, even belQW An.' there are few 
exotics . so that the a runc~1on (slope of (tt(µ)) always 
remains negative. In Fig. 2, there are too many 
exotics below A ·. The threshold for produ<ftng the 
exceeding exotigs is µ=2m, £bove which QCD is 
positive. However beyond A QCD is again negative 
since the computation is d8ne in terms of pr eons. 
Note the interesting multivalued plot of 8 versus a: 
for this case which, as explained, can happen quite 
naturally in a composite model. Each branch of this 
curve is computed pertubatively since ttQCD(µ) is 
small. The non-perturbati ve phenomena occuring vi a 
the underlying precolor forces is what gives rise to 
such a non-pertubative looking curve. 

For these mechanisms to be useful for electroweak 
symmetry breaking there should be some exotics 
cacrying electroweak quantum numbers . such that 
t.I •1/2. These could be of t he form (r ,2\+(r,1)R 
where r is a complex representation or SU(3), such as 
r=6, 10, etc., and 2 i s a doublet , 1 is singlet of 
SU(2) . The numbers of doublets and singlets sould be 
such ~hat the symmetry breaking preserves a custodial 
SU(2} (approximately). We cannot allow r = real 
(e.g.(8,2)) since this would lead to t.I =1 via (r, 
2,)L x (r,2)L - (1,3). Any real exotic re~resentation 
shoUld not -simultaneously be a doublet of SU(2)w 
e.g,(8,1) is o.k.). As Marciano estimates, 2 sextets 
together with the usual 3 families just about saturate 
asymptotic freedom for QCD. Thus, although there is 
the possibility of a composite model described by Fig. 
1, most models with exotics are likely to be described 
by Fig 2, if they play any role in electroweak 
symmetry breaking. 

Models with exotics now being investigated will 
be described in future publications. 
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