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A simpler scheme of PREONS,of which all quarks can be composite,is obtained

as follows.

(1} Identify the four valency/flavour (I-spin up, down, strange and charmed)
PREONS with physical leptons. Thus the valency/flavour PREONS are

(ve,e",u',vu)L ,

Ly

Ly

1}

(ve,e W ,vu)R

The L's carry baryon numbey @B =0 and lepton number 5{ =1.

* To appear in Physics Letters B.
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(2) Assume there exist three (red, yellow and blue) spin % colour PREOHS

{"colorons") belonging to a triplet of SU(S)colour , and one singlet spin %
PREON S‘J’O . The red, yellow and blue quarks are then L € composites,

provided the lepton-number, baryon-number assignments of Ef and & follow

one of the schemes below:

£ 8 o £ | @
| o F1-1 ] o
1S 1 t;i 0 -1
with electric charges QJ = 0 . Q~é = {0,-1,-1)
OR Q=-1 Qe = (1,0,0) ,
for either of the two schemes above. Thus there are a total of eight four-

component PREONS (= 16 two-component PREONS) of which six (two-component) ones are
the known leptons.
The "0ld" mesons, T,p,..., are colour singlet §q q = quark composites, while

some of the new mesons J/{ may be € or é%,dﬂf composites.

In this model quark-lepton transitions are immediate, if theory permits

expectation values of spin-2ero fields like (g?) to be non-zero (e.g. if

11

- 2 -
<HLEY ~ J;O 9(GeV) theh quarks of around 2 a3 GeV would live x10 seecs, ).

t ¥
The SLAC Y e events could result from such decays of quarks or colorons into

leptons.

A gauge theory based on [U(1) x SUL(E). x SUR(e)] x [SU'(3) x U'(1)] can

be built up, similar to that presented in the paper with L, = (2+2,l,l)l g °
3
= + = = i
LR (1,2 2,1)150 : et (1’1’3)0,1 , & (l’l’l)_u,3 , where the subscripts
show the U(l)} x U(1l) assignments, and the charge formula is
1 1 2
= t —_— P - = - = 1
Yorectric T T Tm T3 ST T 2073 o

(This formuls corresponds to the assignments Qé.= 0,-1,~1 and § 0" 0.)

it
The photon is expressed as:
1 1 1 1 1 2
= = = + + = + — — + = '
g A= g+ W)+ (Vg 7 Vel rp T T

It is conceivable that by an appropriate choiece of the couplings h

and h' and the masses of the corresponding gluons T and T' , one can



arrange that for (photo- and lepto-production} experiments, which in this gauge
model excite valency degrees of freedom {and fractional - charges) only, the
probing photons are sensible of light leptonic masses only inside the quarks.
To incorporate heavy leptons (and extra gquarks) in the model, there are two
alternatives, If the number of extra heavy leptons is two, it may be simplest
to increase the fundamental valency multiplet from a gquartet (ve,e-,u-,vu) to
a six-fold with charges (0,~1,-1,0,0,-1) as suggested by several authors

(Harari, Barnett, De Rujula, Georgi, Glashow, Fritzsch, Minkowski and Gell-Mann).

There are now altogether ten PREONS (with three "colorons” ¥ and one singlet
0 2
of and 2 Q@ =5 ). Alternatively, if the number of new heavy leptons
PREONS

is four, it may be more economical to leave the leptonic valency PREONS as a
quartet, but to add on an extra singlet ij with the same leptonic and baryonic
number assignments as jf . In this case the new heavy leptons could be

IJifiﬁé composites. With charge assignments QE’= (1,0,0) and gﬂ'; Qﬂ' = -1 , we
again reach 2 H

R-=5.
PREONS

The PREON idea has previously been discussed by W. Krélikowski (Bull.
Acad. Polon. Sci. 20, k87 (1972)).
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ABSTRACT

It is suggested that quarks and leptons are composites of still
mors fundamentel PRE-entities,

MIRAMARE - TRIESTE
September 1975

* To be submitted for publication.

An elegant economy was introduced in hadron physics when Gell-Mann and
Zweig invented the quark, Each quark represented one "yelency attiribute”:
I-spin up, I~spin down and strangeness. All hadrons were sssumed to be quark
composites. The originsl three valency attributes have since presumably in-
creased to four with the inclusion of charm. Another extension, the ineclusion
of three colours was needed principslly to resclve s spin-statistice dilemms.
Most theorists thus believe in twelve fundamentsal quarks representing seven
fumdanental attributes (four velenciez and three colours )'. Another doubling,
to twenty-four quarks, hes been suggested recently 1 to! accommodate the "mirror”
quantum nuwber which may be needed to give a description of J/y particles. If
lepton number is counted as & fourth colour 2) one would arrive at the need
for a thirty-two component fundamental fermion of which all matter is made.

Clearly the time has come to consider alternative ways of sccommodating’
the fundamental attributes., It could prove useful to regard the quarks them-
selves as composite structures and our purpose here 1s to sketch a model based
on entities which may be more basis then quarks. These entities we shall call
PRE's,and of them the thirty-two quarks sare supposed to be me.de.‘ © To
represent the PRE's a palr of gquartets is needed. One, the valency guartet
Q = {pndy), serves to carry the usual sU{3) quantum numbers and charm. The
other, the colour quartet, # = (abed), carries the guantum numbers of SU(3)coloux
and lepton number. There are two possible varients:

»e TS
(4) Q@ is a fermion &nd ¥ & boson ). The sixteen states D,

Q% y are two-body composites and, of course, fermionic.

{B) One mey introduce & neutral PRE singlet fermlon, & . It is then
possible to envision another wvariant in which the quarks and leptons appear -
L3 3) e
ag three-particle composites v , R .

*

) The 1dea of PRE's was motivated by Pati and Swlam, Refs.l and 2. A
similsr idea for quarks but not for leptons has been independently considered
with a different motivation by Greenberg, Ref.3, who gives references to

earlier work.

*4) :
) This would ensure that strong interactions, generated by colour-geuge

symmetry are necessarily vector and thus parity conserving.

#EK)

.

To incorporate the "mirrorM{or "heaviness") quantum number, introcduce one
#dditicnal electrically neutral singlet FRE o' . In this case the "mirror”
(heavy) quarks sre %4’ composites.

-2-



We present s gauge model for (B) which, with minor modifications,
can be edapted for (A) as well. :

Although the largest group structure admitted by the kinetic energy
term of nlne PRE's is UL(1] X UR(l) x SUL(h) x SUR(h), we choose to work
with symmetry (su(h)L x su[h)R X U(1))mlence x (sU(Y4) x u(_m)mlmr which
pgppears to reflectthe underlying dynsmics more closely. To avoid problems
with enomalies, we shall restrict the wvalence (local) symmetry SU(Z]L X
SU(?)R x U{1) . The presence of two U{1l)'s serves two ends. TFiratly, these .
contribute to the PRE charges which can therefore be assigned integer values.
Secendly, the U{1)'s ﬁmvide gauge couplings for the neutral singlet &f with
ittself mnd with Q's =a&nd ¥'s 8o that the composites, Q_‘E,J ; CBN Appear
85 bound states. We assign particles as follows:

Q’L = (2"'211|1)1’0 K Q.R = (l‘2+2'l)l,0 s €= (lsllh)u'l ‘oJ‘ (1:171]__3_,1 '

(1)
{Here the U(l)valem:e x U(l)colaur assignments are shown as subeeripts, }
The charge operator
- 1 _:.L-. ' ?- t ;_L_ _ -]; '
Qeiectric = T3 * Iap * F3 * 3 Fg = J; fis~2% %% |
{2)

tekes the form diag(®,-1,-1,0) on the quartets end of course vanishes on the
singlet. Notice that the U(1) x U{1) quantum numbers assigned to .of are
cpposite to thoze on Q and 2 and so would yield attractive glucn forces
in the composite Q€

4 Lagrengien model for the PRE's with couplings medinted by gauge
fields (whose masses are generated by e Higgs mechanism) is essily constructed.
The valence symmetry, SU(E)L x SU{Q)H x U(1} is essociated with two triplets,
W, Wz, and & singlet, T, while the colour symmetry SU(L) x u{1)} is
associated with 4 15-fold. V, and a singlet T' . To generate masses for
these vector fields we shall take the Higgs-Kibble set:

A= (B0, o B QAR o= (i), L D= (g, - (3)

9

This is admittedly a prejudice. If the U{1)'s are discarded,then the
quartet PRE's would carry electric charges # % . Note that the total U(1)
N

cherge on querks or leptons is zero.

The subset consisting of A,B and C hes been analysed previously [or the
assumption that the dominant terms in the potential are invariant under the
full giobal symmetry (U(h)L x U(h)ﬁ)valence x U(h)colour
of the singlets T and T' it is necessary to include a fourth multiplet, D
(to which we assign the quantum numbters of the colour FRE ),in crder that the
only residual symmetry shall be the electromegnetic U(l).

). Here, because

The Higgs potentisl can be tsken in such a way as to force the

vacuum expectation velues into the forms,

u

<&y = dteglaseyaa,ny) o <B) = aiag(0,0,0,p,) ,

{h)

<C> = diag(cl,clacl-cb;) > <D> (D:D:Gvd) .

Physical considerstions (which apply as much to the model of Ref,1 as to

the present one) give the scale b ~ 10h - 10S GeV:y & o~ 300 GeVy; c~ 1 Gev, The
wass term for Fermi particles is taken in the form me§8 + ms,},g + K ELA+QR + h.c.
(The couplings 'QEB‘EL and QLC“'BR mey be excluded Ly the impeosition of a
discrete symmetry Q-+ -q ,0+6.)

Of particular importance is the vector mass mutrix which determines
the complexion of the geuge interactions. Except for the parts involving the
“sipglets T and T' (Wwhose presencenecessitates the introduction of DY this
matrix has been analysed in Ref.2, The contribution of D will cause scme
not very significant modificetions in the masses of the charged vectors,
but the neutra’ {diegonal} components will be affected more drastically.
These are glven by '

2 2 2 2 blz; E 2
f— (3:11 +a)) (WL ~ wB) * [gvﬂ + s vls +nT - h"l“]

2 i 2

<] 2 c v v 2

I v
R T e R R Rty

2 2

c v v 2 ¢ 2v v 2
+-L [gWL + r[—v3 + ) + —li] - hT + n'T'] + 74'1' [gWL + f[—-—a + —li} - hT + }:'T']

b Vi B OB

£ 3 W 2

=L L - Htmt

+-“—-(f2V15+hT]+'2 (bT - n'T")" . (5)

The last term is the only non-Higgs contribution censistent with both
renormalizebility and electromagnetic gauge invarience.
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The photon le expressed by the exact formula

1 1 1 1 z 1 1,
:A=E{WL+WB)+?‘[V3+E Ve-J'BTVlS] +ET+h_rT . (6)

but the other severn states ere thoroughly mixed and we shall sattempt only a
very approximate dlagonaiization (for a specially favourmble sequence of
parameters). We eassume that g is small relative 9 to f,h,h' and we shall
neglect terms of order g/f, g/h and g/h' . Further,we assume that
B>u>d>e and neglect terms of order (u/b)2, (d/u)2 R (c/d)e- In this
approximation one can treat the subsystems {WL,WB} . {V3,VBl and {V

1
*%) 15 ,T,7'}
Independently. One finds

z gt ITTCINY- \/5 - nrpr
S=i’J; V15+hT h'T (n +h)V15+2f(h'I' BT

1 : SE
1}%!’2 + h2 + h'2

g _RT+hT

=

«f(hz + '8y (-2— 2+ 1%+ nd)

3 (7
w2 + w2
with the respective masses
s 3 .2 2 2 = 3
“‘(51)=V§~bh R A ’
t
m(SB) = L gt
VZ W2 4 pie

while the octet V(B) has the mass fe, L

The static interaction between the PRE's mediated by V15’ T and T' is
dominated by the 53 pole whose contribution to the vector propagators is
summarized by the matrix

(vwv) (vt} (vr'} ) G 0

i 1 2 1
{rv} {7T) {T7') ~ 5 2 5 3 . B*S ®h
(T'v) ('T) (1'T') K -m(5)7 wo+n ph' b2

)
) We are assuming that the two U{l}'s represent strong or medium strong
interactions. This ensures that ©,8 and Z bind to form quarks and
2 W2 p? 4P
leptons. Thus E‘r_r =23<W.h—ﬂ—sr“ .

) In Ref.l the fiela V15 was denoted by SO .

-5

Note that the inter-PRE forces have a range 131(533)“1 A 1/0a

which is eonsiderably shorter than the range, 1/fc, , of the strong inter
& forces mediated by the ¢olour cetet of gluons V(g}. Thus one expects quarks

and leptons %o be point-like (size % m(SB)_l) . The important point is that

they are neutral with respect to both U{1} charges. Thus for energies or

2h2 + Zht

quark-quark, lepton-lepton and quark-lepton scattering would be insensitive

-1/2
-1 A npe
momentum transfers less than their size| xm (33) Y — 5

te T and T' forces. Knowing that leptons are point-like up to sbout
10715 en, we infer that m(S3) 2 100 GeV.

The quarks Interact strongly among themselves primarily through the
exchange of the colour octet of gluons V{Q) . This provides the ggq and
Q7 binding to form known baryons and mesons *

The existence of PRES inevitebly impliee a rich epectroscopy involving

for exsmple, Q4 , TG , GREE , etc. composites in addition to 4§
composites.

The geuge theory presented so far conserves individual fermion numbers
FQ N Fg and FRf unless these numbers are broken spontenecusly. This would
iply the existence of three stable PRE's. Sponianeous syrmetry bresking
can lead to violation of %these individual numbers FQ, Fg and FJJ , conserving
only their sum. Even this may ultimstely be violated, if we extend the local

syrmetry exhibited in this paper; so that in the end only e,V ,Vv  are

u' e

D There is the intriguing possibility that the known mesons (m,p,~) are-
composites of PRE.velency objects {Q]) rether than qua:(;k—anti-quark composites
Eq . With the charge assignments of this note tge kil -: 2y rate is the
sl'ame as in the conventional colour model vhere 7 is qq composite. The
EE composites, held together by V(g) exchanges, may be the relatively lower
lying J/¢'s . The decays of such {f composites to normal hedrons + one
photon may be inhibpited compared with radiative decays of normal hadrons if
hzx h’2 ~ f2/10 . fThis is due to the fact thet one must create asppropriste
QG and A 4 pairs through the intermediamcy of the relatively weaker

T and T' intersctions. Conceivably the narrow J/¥ (3.1) may correspond
to the ground state 351 # & rather than gq colour oct:t; W'_(3.7)'be1ng
its radisl excitation. This may allov the ground state °S (€¥) to 1lie

a .
below 3.1 GeV and L~even (3P0, 3Pl’ 3P2) states to lie sbove the (3.1) state.

6=



the three stable objlects inte which &1l particles decsy 9 .

One Important consequence of the PEE hypothesis is that quark decays
(1.e. g+ 2+ 2+ % and q~+ L + mesons} induced via W~X mixing proceed
through - bound state vertices. This ajters the complexicn of the graphs
giving leptonic and semi-leptonic decays so that the semi-leptonic decays no
longer represent the dominapnt decay mcedes of composite quarks. For

quark searches ' this may be of crucial significance.

" The mbocve considerations have all been gualitative, The problem
of computing bound states is of course non-trivial even when feésible. The
hardest among theseproblems is the question of zero-mass Jeptonie omposites,
i.e pneutrinos., While it is not impossidble that such states could arise dué
to fortuitous relaticnships emong the various masses and couplings in the
Lagrangian, we &o not feel that Such ap eventuality is pleusible, Rather,
we should 1ike to view the neutrinos (like the photon} aa

special "composites” whose existence should be guarsnteed by & symmstfy
principle. In the case of the photon,the relevant symmetry is of course
gauge inveriance. For the meutrino it mey be pcssible'to incorporate super-
symeetry (whose spontanecus breakdown lesds inevitebly to the sppearance of

zero-mass Epinors).

¢

The eight {or nine} PRE's we have introduced in this paper represent
eight (or nine) internal symmetry attributes. It is hard at present to
congeive of & theory which uses fewer fundementsl entities, urless some of
the atiributes disappear experimentslly. The mein point of this note,
however, is that each fundemental aitribute should be associated with one
Tutdamental PRE-entity.

We thank Professcr C.H. Woo for seversl helpful discussions on the
problen of compositeness.

9 -

It is conceiveble that the N, -events seen at SPEAR (M. Perl ,SLAC
Conference) are due to preduction of PRE's, e.g. 6; + 5; production
followed by their three-body decsys, i.e. Cf; +t§§ +e o+ Ge . brought
about through W-X mixing (Rer.2). ’

1)
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