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Abstract 

The experimental information which was accumulated in the last 

18 months in e e" collisions and vN scattering indicates that more 

than four kinds of quarks are already present. We discuss six 

different pieces of evidence for the existence of six quarks: the 

triangle anomalies, the value of R, »-spectroscopy, neutrino processes, 

CP-violation and the possible existence of V+A currents. We conclude 

that there is strong (but not yet conclusive) evidence for the 

existence of six quarks and six leptons. 
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Binational Foundation (BSF), Jerusalem, Israel. 



I. INTRODUCTION 

At the end of October 1974, all v.o had were three tricolored quarks 

and four leptons. There was no clear experimental indication that 

additional fundamental fermions were needed. All of hadron spectroscopy 

as well as almost all deep inelastic phenomena and all leptonic phenomena 

could be accounted for, without invoking a fourth quark or a heavy lepton. 

There were only two "little" problems: the value of 

R - a(e e" -<• hadrons)/a(e e -*• u u J was too large (and rising?!) and 

it was hard to reconcile the presence of strangeness conserving neutral 

CM currents with the absence of their strangeness changing counterparts . 

All of this changed within a three-months period in November 1974-

Januar/ 1975. The* was discovered in Brookhaven1 and SLAC ; the 

new threshold in R was revealed at SLAC ; the two-muon ever.ts in 

neutrino scattering were found at the Fermi Laboratory . Evory one of 

these discoveries, by itself, would necessitate additional fundamental 

fermions. When we combine all of them with the rich spectrum of the 

Hi-family found later at SLAC1'^ and DEsr[ J and with the SLAC eu events'9j 

we realize that we must now return to fundamental questions such as: 

(i) How many quarks are there? 

1.11.) How many leptons are there? 

(iii) Are quarks related to leptons? 

(iv) Are quarks and leptons really "elementary"? 

In this talk, we discuss the first of these questions, concluding 

that there is strong, but not yet compelling, evidence for the existence 

of six tricolored quarks and six luptons. 
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II. GENERAL THEORETICAL FRAMEWORK 

We assume that quarks: 

(i) Are J = j fermions. 

(ii) Come in three colors, 

(iii) Are permanently confined, 

(iv) Are pointlike, 

(v) Have charges + -v or - =• . 

We assume that hadrons: 

(i) Are made out of quarks (qqq or qq). 

(ii) Are colorless. 

We assume that the underlying theory of weak and electromagnetic 

interactions is a gauge theory of the Weinberg-Salam type with a UC2) 

gauge group. All weak and electromagnetic currents are colorless, 

Finally, we denote the three usual quarks (ui/v a_i/3' s-i/P by 

q and any additional, heavier, quarks (such as c,,,) by Q. We then assume: 

(i) All "ordinary" mesons are qq states, 

(ii) All states in the $-family are QQ states, 

(iii) D-mesons are qQ and Qq states. 

Needless to say, each of these assumptions is debatable and could be 

the subject of an entire lecture. We make these assumptions in order to 

confine our discussion to what we believe to be the most important 

phenomenological issues. 

" y v „ , <? V> ,5 
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H I . THE FOURTH QUARK: A LESSON FROM HISTORY 

The first suggestions of a new additive quantum number beyond 

strangeness, necessitating a fourth elementary building block, were made 

as early as 1962-1964. However, all of these suggestions [10] were 

essentially based on a "why not?" pnilosophy. It was possible to 

postulate a fourth quark but it was not necessary. 

A certain degree of beauty or elegance was added when it was noted, 

somewhat later, that a four quark structure would have a pleasant quark-

lepton analogy . This made the idea more elegant, but still not 

necessary. 

Only in 1970, the introduction of the charmed quark was shown to be 

necessary within the framework of a gauge theory of the weak currents . 

fl21 
Somewhat later it was shown that the elimination of the triangle 

anomalies ' within the same type of theory, also necessitates a fourth 

quark, thus making the quark-lepton relation a necessary (and not only 

elegant) requirement. 

Thus, the introduction of the fourth quark went from the "possible" 

stage, through the "elegant" stage to the "necessary" stage, and finally 

to the "found" stage. We will return to these stages in section VI, when 

we discuss the fifth and sixth quarks. 

IV. THE WEAK CURRENT IN A FOUR-QUARK MODEL 

The conventional V-A theory of the weak interactions, and the SU(2) 

'weak isospin" of a Weinberg-Salam gauge theory provide us with two 

doublets of left handed leptons: 

I. e" J I u " J 



Cabibbo's theory of the hadronic weak interactions contains a "weak 

isospin" doublet and a singlet of left handed quarks: 

(IJ 
where: 

•j 

Cs') 

cos8 sin6 

-sine cos0 

It is clear that such a theory shows no resemblance between leptons 

and quarks. Furthermore, the neutral weak-isovector current includes a 

term: 

3'yi • Ys)d> 

which contains a neutral |AS j = 1 component of strength G cos8 sinB 

Such a term would induce a large K, -*• u u decay and a large K_ - K° mass 

difference. The s'-auark does not. participate in any charged weak trans

ition in such a theory, and the triangle anomalies (13) are not cancelled. 

(12). The cancellation condition for such anomalies in a pure V-A theory is 

I Q, • o 
all * 

fermions 

This relation is, of course, not obeyed in a theory of four leptons 

and three quarks. 

All of this unpleasantness is immediately rectified if we follow the 

brilliant suggestion of Glashow, lUiopoulos and Maiani , and introduce 

a fourth charmed quark c with Ij -- - i . The four left handed quarks now 

form two weak-isodnubiUTS: 

•" 1 ( M 



The symmetry between the four leptons and four quarks is obvious, 

The V-A neutral current includes a term: 

d'd' * s'?' = dd" + s? 

and is, therefore, diagonal in the quark states and conserves all additive 

quantum numbers, including Strangeness and Charm. The K •* u u" and K -K„ 

transitions are very small. The s'-quark is now a full participant In 

charged weak transitions. In fact, all weak decays of charmed particles 

involve a c •* s1 transition. Since s1 is mostly 95% a strange quark, 

most weak decays of charmed particles involve strange particles. The 

leptons have: 

leptons 1 

While the four tricolored quarks have: 

I 
quarks l Q , - » i - W - i -*' 

fermions 

and the anomalies cancel. It is remarkable how much you can get, by 

introducing only one new quark ! 

The quark structure of the charged weak current in a four-quark 

theory has the form: 

J = (u c) fJ'| » (u c) A fd 

Is'J 

A is a 2xZ unitary matrix, which can always be represented by: 

A = 
cose sine ] 

-sin6 cos6 



and experiment tells us that 6 "" 1S°. The unitarity of the matrix A 

guarrantees the diagonal nature of the neutral current in such a scheme, 

regardless of the particular value of 9. 

V. THE WEAK CURRENT IN A SIX-QUARK MODEL 

The generalization of the above considerations to a six quark scheme 

is straightforward. Instead of two doublets, we introduce three ^ : 

t 

. . . . .b'l 

2 1 
where t, b are two new quarks with charges + -^f - T> respectively and: 

d ' 

s ' 

[ b'J 
-

f A l l 
A 21 

LA31 

A12 
A22 
A32 

A13 
A23 
A 3 3 ' 

d 

s 

t b 

The 3x3 unitary matrix depends, in general, on four parameters. 

2 2 
However, we know experimentally that A.. = cose , A.„ = sin8 , An1+A,-,= 1 11 c 12 c 11 12 

(within 1%). Consequently |A?,| <_ 0.01. Let us assume, for simplicity, 

tha t A , , = 0. 

We can then w r i t e : 

A = 

cos6 

-cos$ sin9 

sintp sine 

sine 

COS<(l C 0 S 6 

- s in$ cose 

0 

sinijr 

cos* 

and we have two angles: 9 and $ . The matrix A can be rewritten as: 

1 

0 

0 

0 

coso 

- s i n » 

0 

s i n * 

COSiP 

cose 

- s i ne 

0 

s in6 

cose 

0 

0 

0 

1 



and the quark structure of the charged (V-A) weak current is given by (14). 

(u c t; d' 

s f 

b ' 

= (u c t ) 1 

C 

0 

0 

COS$ 

-sin<|> 

0 

sin(j) 

C05<(> 

cos8 

- s in9 

0 

s ine 

cosO 

0 

0 

0 

1 

The angle cj> mixes the c and t quarks while 6, as before, mixes d and s. 

The unitarity property of the A-matrix guarantees that only diagonal quark 

terms appear in the expression for the neutral current. This is true, 

regardless of the numerical values of 9 and <p, and regardless of whether 

A., vanishes or not. The neutral current will therefore conserve all 

additive quantum numbers (strangeness, charm, etc...). 

The particular six-quark scheme discussed here is the simplest 

extension of the four-quark charm scheme. It possesses all the attractive 

features of the four-quark version. 

VI. SIX QUARKS: POSSIBLE ? ELEGANT ? NECESSARY ? 

We have just demonstrated that a six-quark scheme is possible and 

that it does not run into any obvious difficulties. Whether or not it is 

elegant (in the terminology of section III) depends on the number of 

(9) 
leptons. If the SLAC en events represent a new heavy lepton, and if 

that lepton possesses its own neutrino, we have six leptons, arranged in 

three SU(2) doublets. The quark-lepton analogy will then be restored only 

if we consider the six-quark scheme of the previous section. 

Is the six-quark scheae necessary, fron a theoretical,phenomenological, 

or experimental point of view? We have six different arguments, each of 

which points independently in the direction of a six-quark scheme. \onc 
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of these arguments is absolutely compelling, but all are worth studying. 

We devote the next six sections (VII - XII) to these arguments. 

VII. ANOMALIES 

We have already noted that in a pure V-A theory of the weak interac

tions, the cancellation of the triangle anomalies dictates a relation 

between the electric charges of quarks and leptons: 

leptons quarks 

Each SU(2) doublet of left handed leptons, such as (e~, v ) or 

(*-* J v u ) provides EQ * -1. Each doublet of tricolored left-handed quarks 

2 1 
with charges C* y ' " T^ Provides ZQ = +1. Consequently, if we have a V-A 

theory with leptons and quarks in SU(2) doublets, we must have an equal 

number of lepton doublets and quark doublets. 

The ey events at SPEAK seem to indicate that a charged heavy lepton 

U exists^ . It is produced in: 

e + + e" •* U + + U" 

and its observed decay modes are, presumably: 

u" - e" * \ * V u~ * \ * vu 
If this interpretation is correct, and if the leptons (U" , v ) 

interact through a V-A interaction, we have three SU(2) doublets of 

left handed leptons: 

*e 

e" 

M 

u". u'. 
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The cancellation of the divergent parts of the anomaly diagrams 

then necessitates additional quarks beyond the four "conventional" ones. 

The simplest solution is to introduce precisely the same additional 

doublet (t, b) which we have discussed in section V, 

We therefore see that in a pure V-A theory, based on U(2) "weak 

doublets", the experimental discovery of a new pair of leptons necessitates 

new quarks, such as t and b. 

VIII. THE VALUE OF R. 

The usual parton model arguments teach us that: 

R - (e e -• hadrons)/o~(e e •* u u ) 

is a measure of the sum of the souared charges of all quarks. In a four-

quark (u, d, s, c) scheme : R = 3 •=- . The experimental value of R above 

W ^ 4.S GeV is between 5 and S.5. Approximately two units of R are 

unaccounted for. 

Even if we assume tha^ the predicted constant value of R is approached 

from above, and even if we claim that 20* of R is due to such effects (aj 

is, perhaps, the case below W*3 GeV) we still have at least one unit of R 

which is not explained. We therefore concli.de that additional fermions, 

either quarks or lepttns, Bust be present «,bove W "\- 4.5 GeV, leading to 

AR ^ 1-2. 

At this polr.t, we are led into two possibilities: 

(i) Additional quarks arc excited in the range < ^ t l £ 6 GeV. This would 

2 4 

necessitate at least one new Q • • T quark (t) yielding AR "v - . 

(ii) At least one now lepton Is produced above W > 4 GoV. This could very 

well be the heavy lepton associated with the eu events. If such a lepton 

http://concli.de
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exists, additional quarks are necessary for the removal of anomalies, 

although these quarks may be excited only above present e e energies. 

In both cases we cannot escape the introduction of new quarks [beyond 

the "usual" four). 

It is possible, of course, that at present energies both the heavy 

lepton and the b-quark or t-quark are -xcited. The excitation of all 

six quarks and six leptons would yield R i« 6. 

Note that the observed value of R leads to the introduction of new 

quarks either directly (at present -snergies) or indirectly (through the 

chain heavy lepton •+ anomalies •* quarks at higher energies). The necessity 

of new quarks follows from the value of R, independently of the question 

of eu events. 

IX. [//-SPECTROSCOPY 

The known spectrum of the t(/-family already includes at least six 

states and possib'y as many as eleven (C = -1 states at 3.1, 3.7, 3.95, 

4.OS, 4.IS, 4.45 and C = +1 states at 2.8, 3.41, 3.45, 3.51, 3.55). Assum

ing that the entire (//-family represents QQ states, we consider three poss

ibilities: 

(i) All states in the jr-family are cc states, vc.'-esenting one and only 

one new quark. In that case J/' (3.7) is a radially excited c? state ' 

and the various 41-states between 3.9 and 4.5 GeV must be different orbital 

and radial excitations of the same cc" system. 

(ii) Several new quarks are excited in the gj-region. Different i/j-statos 

correspond to different QQ combinations. One possibility (which contra

dicts the large branching fraction for v' * (nnr) is that i/> is, say, a cc" 

state while I/I' is a tt or bb state1' '. Another possibility (which doss 
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not coexist very well with Zweig's rule) is that i> and <ji' are different 

C14) _ — _ — 

mixtures of cc, tt, bb (but not pure cc, etc...J- More complicated 

possibilities assign 1J1 and i|i' as pure cc states, but introduce the tt 

and Vb combinations in the 3.9-4.5 GeV region, with possible mixing 
— — — f 19") 

between excited cc states and low-lying tt or bb states . 

(iii) Several new quarks are excited in the ^-region. However, two or 

more new quarks are degenerate in mass and only one combination of QQ 

states is observed in e e collisions . An example of this 
(̂ l) approach is a possible mass degeneracy between the c and t quarks . 

Tnc photon then couples only to the (cc * tt) combination and the entire 

observed spectrum of the iji-family is given by orbital and radial excitations 

of the same (cc + tt) combination. The physical (cc" - tF) states are 

produced only in neutrino processes. The predicted spectrum expected in 

e e collisions in such a scheme is identical to that of the single quark 

hypothesis. 

The proliferation of iji-states in the 3.9-4.5 GeV region suggests 

that the single quark solution may not be sufficient. On the other hand, 

the qualitative features of the '*-spectrum between the i|t(3.1) and i|i'(3.7) 

states are in remarkable accord with the simple charm picture. Consequent

ly, the iji-spectroscopy contains hints in both directions and we cannot 

conclude, at present, whether the t and/or b quarks are needed in the 

-region. We believe that a much more detailed study of the 3.9-4.3 GeV 

region is needod, before we can draw conclusions concerning the number of 

"active" quarks in these energies. 
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X. NEUTRINO PROCESSES. 

At least three different experimental features of inelastic neutrino 

reactions seem to hint at the possible existence of new quarks beyond the 

usual four. 

(i) The two-muon events of the type \J + N -*• u" + u + anything 

presumably reflect the existence of a new object "Y" possessing a new 

additive quantum number. The relevant process is: 

\i + N - * - u " + Y < - ... 

followed by: 

Y •* u + v * ... 
V 

The properties of the y-particle are deduced from the two-muon events 

as well as from the observation of u « pairs in the bubble chamber^ ' . 

Assuming that only one type of Y-particle is involved, it seems to 

have the following properties: 

(a) m(Y) t 2-4 GeV. 

(b) Y decays often into K-mesons (several K's per event). 

(c) The production rate is probably around 5%-25% of all charged 

current neutrino events. 

(d) The branching fraction for y •* u + anything is probably 

around 5'i-2S% . 

The question which arises immediately is whether the v-particle is 

the same object which is produced in e e collisions above W % 4 GeV and 

which is, at least partly, responsible for the increase in R. It is not 

easy to reconcile the observed properties of y with what we know about 

e e" collisions. Both the number of K-mesons and the relatively large 

semileptonic branching fraction of Y are on the border of disagreement 
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with the extracted properties of the mesons which are pair-produced 

in e e" collisions, 

(ii) Additional two-muon events of the type v + N ->• u~ + y + anything 

have been observed^ . One possible explanation for such events would 

be a three-step process which, on the quark level, is described by: 

v + d •» u~ + t 

t •* b • ... (nonleptonic) 

b •» u + u" + v 

It is not difficult to imagine how y y events could emerge from a 

situation involving a large number of quark. It is very hard to explain 

the y y" events in a theory with only four quarks. In such a theory we 

have to invoke significant D° - D° mixing or a large cross section for: 

v + N-<-D + t>+ ... 

Both of these possibilities appear to be unlikely. 

(iii) The ratio a(vN •* y*)/a(vN -»• y") seems to rise from 0.4 at low 

(241 
energies to 0.6-0.7 at higher energies at Fermilab . A four-quark 

model with the usual small component of qq pairs in the target nucleon, 

predicts a ratio around 1/3. A larger ratio could emerge either as a 

result of a sudden significant increase in the contribution of the qq 

sea, or as a result of new types of changed weak currents, such as a V*A 

current. The possibility of a V+A current immediately leads us to a six 

quark model, as we shall explain in section XII. 

The overall picture emerging from the neutrino data indicates that 

quarks beyond the usual four may well be necessary in order to explain 

some of She observed phenomena. 
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XI. CP-VIOLATtQN 

Consider a pure V-A model with 2n left handed quarks arranged in 

2 
n doublets of SU(2) . . The quark charges are assumed to be + j and .*' 

- -=•. The charged current involves an nxn matrix such as the matrix A 

of sections IV and V. This matrix is, in general, unitary. It can 

therefore be characterized by n real parameters. However, (2n-l) of 

these parameters are phases which can be absorbed into the definitions 

of the 2n quark states (one for each quark, except for an overall phase). 

2 
We therefore remain with [n-1) measurable real parameters. If the matrix 

A were an orthogonal matrix, -r n(n-l) real parameters would be sufficient 

(Euler-like angles). Hence, in general, >:ie matrix A will include: 

(i) rii(ii-l) real rotation angles. 

(ii) \ (n-l)(n-2) phases. 

The existence of phases, in addition to the real rotations, leads 

to a violation of CP (and of time-reversal invariance). 

In a four-quark model, n=2. Wc therefore have one real rotation 

angle - the Cabibbo angle, and no phases. CP must be conserved by the 

V-A weak current of a four-quark model. (We may always introduce CP-

violation as an additional interaction, outside the framework of the 

weak interaction gauge theory, but within the theory-CP is conserved). 

The next case to consider is the six-quark scheme. Here n=3 and 

(15) we have three rotation angles and one phase . The matrix can be 

(15) 
written as1 : 

cos8 sin6cosx sin6sinx | 

-sin6cos<t> cos8cos<|>cosx - sinsfsinxe cos6cosd>sinx * sinocosxe ; 

sin^sinG cosdain^cosx * cosipsinxe cos6sin<t>sinx - cos^cosxe J 
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The angles 6 and <f> are the same as those introduced in section V, 

where we assumed x - 6 = 0. In general, however, 9, <J) and x are free 

parameters and 6 is a phase parameter yielding a violation of CP within 

the framework of a V-A gauge theory of the weak currents. 

We see .hat if we want to treat CP-violation as an integral part of 

the theory of weak interactions, we are led to six quarks. (An alternative 

would be to consider V+A currents, but that leads us to six quarks in a 

different way; see section XII). 

What are the phenomenological implications of a CP-violating six-

quark theory? ' All CP-violating amplitudes are obviously proportional 

to sin<S, where & is the free phase parameter of our matrix. All CP-

o ^ 2 

violating effects in the K -system are also proportional to (m" - m ). 

This can be easily seen by considering the equal mass case m - m . In 

this case we can always define a new linear combination of the t and c 

quarks which decouples from the d and s quarks in the K state. With only 

one combination coupling to d and s, no physical phase can emerge in the 

amplitude .and CP is conserved. 

Calculations of the magnitude of CP-violation depend on the values 

of the parameters B, $ , x > 6- We know tnat 8 ̂  15° and that x is 

. probably smaller (see section V). The constraints on $ are not very strong, 

and no information is available on a. 

Regardless of these unknown values, it turns out that the ratio 

between the e' and £ parameters in the decay K, •* 2ir can be estimated J, 

and is extremely small, in agreement with experiment. In fact, the six-

quark model approximately leads to all the predictions of the superweak 

theory for K, •» 2", Ks « 3it. The absolute value of t [rather than the 

£'/£ ratio) cannot be predicted without knowing <t>, & and Lm~ - m ). 



(25) 
Another interesting predictions involves the electric dipole 

moment of the neutron. Depending on the masses of the t and b quarks 

-28 -̂ 1 

one finds a dipole moment between (10 - 10~' )e cm. This is consider

ably less than the present upper limit, and is, again more or less con

sistent with the predictions of a superweak theory. 

The six quark V-A theory is, at present, consistent with all available 

data on CP-violation. It neither predicts nor contradicts the smallness 

of the e parameter, but it successfully imitates several of the predictions 

of superweak theory. 

XII. VECTORLIKE THEORIES AND V+A CURRENTS 

The electromagnetic interactions are described by a vector gauge 

theory. The strong interactions of colored quarks and gluons are also 

presumably described by a (nonobelian) vector gauge theory. It would be 

very attractive if the weak interactions could also be described by such 

a theory. Ke know, however, that parity is net conserved by the weak 

interactions and that, phenomenologically, the weak current seems to 

have a V-A form. An interesting possibility might be to consider a 

model in which V-A currents as well as V+A currents exist and have the 

same strength. In the limit of zero quark and lepton masses this would 

lead to a pure vector theory. In the real world, where quarks and 

leptons have masses, parity violations will appear and will be presumably 

generated by the same mechanism as the quark masses and the Cabibbo-like 

angles. The basic form of the weak currents of quarks in such a theory 

f26) 
would be : 

q y (I * Y,)Aq • q Y„ (1 - Yc) Bq 
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where q is a vector of quark fields and A, B are the matrices which 

rotate the strong interaction "eigenquarks" into the weak interaction 

"eigenquarks", for the V-A and V+A pieces, respectively. If A=B, the 

theory is clearly a pure vector theory. If A^B but obeys A=UBU we can 

define: 

q- = {(1 + ys) * (I - Y5JU}q 

The current then takes the form: 

?' yp Bq' 

and the theory is "vector-like". 

Phenomenologically we know that the u •*-* d and u •*-* s weak 

transitions are of the V-A type. If we want to introduce V>A currents 

of equal strength, they must connect both d and s to quarks other than u. 

If all quarks (left handed and right handed) are in doublets of the weak 

SU(2) gauge group, we must have at least three doublets of right handed 

quarks, each containing one of the "old" quarks u, d, 5 and a "new" 

quark. Thus, vie are again led to six quarks. 

There are two possibilities for arranging the six right handed 

quarks in SU(2) doublets. In both of them (u, b) form one doublet 

(since u can be associated neither with d nor with s). The two other 

doublets are ic.d) (t,s) or (c,s) (t,d). Any linear combination of c 

and t is, of course, also possible. There is good evidence against 

the existence of a significant cu term of the V*A type. Such a term, 

if it existed, .rould have led to a very large value for the K_ - K. mass 

(27) Cfi\ 

difference and to the wrong structure of the isospin amplitudes 

for K -*• 2TI and K -• 3TT . Consequently, we are led to the following 

approximate assignment for the right handed quarks ' ': 
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t 

d 

Small Cabibbo-like nixing angles are, of course, possible. 

Do we have any evidence for the existence of V+A currents of this 

type? 

The simplest indication would come from the ratio: 

which we have already mentioned in section X. Within the framework of 

the standard quark-parton model we find that if we neglect the Cabibbo 

angle and the contribution of the "sea" of qq pairs, we get: 

1 

0(VN •* U ) 

o(/uN •* u") 

(for pure V-A) 

1 (for V-A and V+A, above the thresholds 

for c, t, b) 

The predicted increase in a(vN •+ u ) comes from the process: 

\> + u -*• u + b 

which should be as strong as: 

v < d + g" • u 

above the threshold for b-production. The observed increase of: 

a(vN -<• u )/o(vN •* u~) 

is probably the strongest indication for V+A currents. However, the 

situation is far from conclusive. 

The theory of six quarks with V-A and V+A currents leads to another 

interesting prediction: all weak neutral currents are pure vector currents 

(and therefore conserve parity). This follows from the unitarity assumption 
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for the matrices A and B for the V-.» and V'+A currents, respectively. 

Regardless of the specific values of the various angle parameters in 

A and B, the neutral current is guaranteed to have an identical quark 

structure for the V-A and V+A pieces. The axial vector term wi'.l then 

cancel and the current is a pure sector current. Preliminary data 

indicate that the neutral currents do not conserve parity . If 

confirmed, this would contradict the simple six-quark vector-like 

theory discussed above, but could still allow more complicated vector

like theories which we shall not discuss here . 

It seems that the possible presence of V+A currents, if confirmed, 

will necessitate additional quarks. Whether the "standard" six (u, d, s, 

c, t, b) or others - we do not know. 

XIII. SOME OPEN PROBLEMS 

We conclude by listing some of the most important experimental, 

phenomenological and theoretical problems which remain open. 

1) Experimental problems: 

(i) Confirm the existence of D-mesons. 

(ii) Confirm the existence of the new heavy lepton. 

(iii) Study the C = -1 t(i-spectrum between W = 3.9 and 4.5. 

(iv) Study the C = +1 x-spectrum between if and ty' . 

(v) Search for possible iji-like objects (bb, tt) at higher e e 

energies. 

(vi) Determine whether the new mesons produced in vN processes are 

also produced at SPEAR. 

(vii) Look for parity-violating neutral currents. 
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2) Phenomenological problems: 

(i) Can the entire spectrum of the i|i-family, including the various 

observed y-transitions, be accounted for by the co-system alone? 

(iij Is the observed increase in the ratio a(vN •* u )/o(vN -• u ) due 

to a new threshold and a new current or can it be explained by a viola

tion of scaling and a significantly increased contribution of the qq~-

pairs in the nucleon? 

(iii) Are there indications for V+A currents? 

(iv) Can we determine the values of the Cabibbo-like angles <j>, x a°d 

the phase 6 in various versions of the six-quark scheme? 

3) Theoretical problems: 

(i) Is there a deep connection between quarks and leptons? Are they 

made of more fundamental objects? [probably not). Do they fit into some 

large raultiplet of a grandiose overall symmetry? [may be). Are they 

related to each other in a more subtle way? [probably yes), 

(ii) What is the mechanism which creates the masses of quarks and 

leptons, as well as the Cabibbo-like angles? is the same mechanism 

responsible for parity violation? CP-violation? 

(iii) Are the vector-like theories for the weaK interactions correct? 

What are the implications of the complex set of leptons required by such 

theories? Is lepton and/or baryon number conservation violated, and how? 

[iv) Is there anything fundamental about the number of quarks and 

leptons? Are there more than six of each? Are there many more? How 

many "fundamental" objects can we have without needing a more "fundamental" 

framework? 

It seems to be a safe bet that many of these questions will be solved 

within the next few years. 
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