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I. INTRODUCTION

¥ spectroscopy indicates that the new palrticlesl’2 are composed of spini,
charged and isosinglet fermions and anti-fermions. If these are charmed (c)
quarks which together with the ordinary (q) quarks form the basic SU4) multiplet
then the existence of the new particles has been predicted aheads’4 and their
finding is a major theoretical triumph.

However, to verify this we have to discover charmed particles (cq com-
posites) and the appropriate SU(4) pattern, in particular for the weak GIM °
currents, should emerge. No evidence for charmed bosons with mass m =
1.6-2 GeV (the value suggested both by SU(4) and the threshold in R =
o(e+e_——— ”hadr’ons")/U(e+'e——>y+,u_)) has been found to date. 1 Aléo no really
satisfactory understanding of the almost exact Okubo-~-Zweig-Lizuka rule for
o's has emerged.

We propose to consider the possibility that the ¢ constituents do
not belong to the quark family, do not participate in the standard colored gauge
interactions and, in particular, are unconfined. 6 The L's must possess a new
kind of strong interaction among themselves but conceivably have significantly
weaker interactions with quarks and ordinary hadrons. 7

In such a picture no analog of the charmed particles exists (Lg states need
not bind and being colored are even forbidden as a physical state.) No Okubo-
Zweig-Lizuka rule need be invoked since the interactions responsible for y
decay, y binding and hadron binding are all independent.

We note that the knowledge of the few low lying states in the ¥ spectrum
does not require an infinite confining potential and many other models can fit

just this experimental information. 7
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We suggest, in particular, that the so-called newly discovered '"heavy
leptons" 8 are the unconfined constituents, and to avoid contradictory notation
we call them L's. 9

We find the suggestion that the '"heavy lepton' threshold fortuitously
opened up at W = 4 GeV within a few percent of the charm threshold and so
helps to maintain the charm hypo’chesis2 perfectly possible but contrived. A
simpler, neater possibility is to abolish the charm hypothesis altogether and make
the L's the sole moving force behind all the structures in e+e_ cross section,
narrow spikes and broad thresholds alike.

In our scheme we have to specify three new types of interactions:

(i) HW — a "weak" Hamdiltonian responsible for the 1. decays L - v_+2+ Vv

L 4

and L — VL+ hadrons where VL is the associated "neutrino' and ¢ is

either e or p.

(ii) HB — the interaction specific to the L world and which is responsible for
the LL binding to form ¢, ¥, 1, states and the rest of the broad bumps
beyond LL thresholds.

(iii) HH — an interaction responsible for the LL — qq transitions (e. g.

3 — hadrons and ¥' — ¢ + hadrons).

This means in particular that we have to specify the nature of the "rp s
to indicate whether we have one L or more, and to specify the number,
spins, masses and couplings of the new bosons responsible for the HW’ HH’
and H_ interactions. As we will see, the available experimental data strongly

B

restrict this richness.
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II. THE WEAK INTERACTION OF L's

In the standard model for the L's which interprets them as heavy leptons

= 2, 2 ~ -5 -2
Hy = gL(l-—ys)W VI g/mW N Gp ~ 107 GeV (1)

where Vi, the analog of Vs V“, participates then only in weak interactions.

(If 23 participated in the strong L interactions, ¢ — VLFL would be a dominant
decay mode.) A priori L could carry e~ or u-number and we would replace
29 in Eq. (1) by Ve OF VH. This alternative will be discussed later.

Equation (1) yields

DL—v+0+ '172) ~ 102 gec7? ()

which is consistent with the eu.events detection distance.
Also, using the W boson coupling to quarks, one can estimate the partial

width of semileptonic decays (which is proportional to the R value at the rele-

vant Q2)10
L — v, + hadrons (m2 = Q2 ~ 1-2 GeVz) 3)
L hadronic
so that
rwt — va v)/Ttot) = r~ 0.17 (for each ) )
and also specific decay channels
Lt — pivL)/I‘ (tot) =~ 0.3 (5)
T — w*vL)/r(tot) ~ 0.1 . 6)

We have considered in Egs. (1)-(6) only the simplest possible interaction
scheme.
. . + - + F
A crucial test for our scheme is the consistency of o(e € — e u + neutrals)

with the rise in R. The latter results from



+ - —_
€ € — resonances — LL (7)
or + _
e e — LL + nB (8)
if the mediators of HB interactions have a small mass (mB) and

W= ZmL + nt.

The following difficulties may arise:
(a) Our scheme predicts

+ - ¥ .
_ U(observed; e e —»e+ui+ neutrals) _ 2r2x ©)
R-25

where x = 0.1 8 is the acceptance for the ey events and following Gilmanll
we take R = 2.5 to represent the '"old physics! value of R.

Using r from Eq. (4), z is predicted tobe = 5. 10'3 whereas the experi-
mental value varies and the worst discrepancy occurs at W =~ 4.2 GeV where
R~ 5-6 and z = 10_3. A small suppression by about a factor of two in the
purely leptonic versus the semileptonic amplitude may correct this discrepancy.

(b) The ep signal seems to peak later than R. 12 Let us assume that there

are (at least) two lumotons L, and L, withm. =~ 1.7-2 GeV, m_  ~ 2.3-2.6 GeV.

1 2 L1 L2

The prominent structure in R at W =~ 4.2 GeV involves decays into Llil only.
If the pure leptonic branching ratio of L, exceeds considerably that of L, then
the delayed eu signal reflects the delayed onset of LZT‘Z threshold. The
assumption of two or more L's is also helpful in understanding the high
asymptotic R value and in ¢ - spectroscopy.

(¢) Inclusive spectra. Since an extra Y1, is emitted in all L. decays our
scheme helps to understand the qualitative features of small average
y = Ech/w’ the fraction of energy of charged tracks. Naive statistical argu-

ments suggest equipartition, i.e. y =~ 0.67 whereas experimentally y appears
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to decrease from y = 0.6 for low Wtoy = 0.5 at W = 8 GeV. !

The non-observation of a sharp decrease in y at the new R threshold is a
difficulty both in our model and, as we show in Appendix A, also in standard
charm or multi-flavor models. If mp is large then reaction (7) domiflates (8).
Since the L decay is energy (W) independent and leads to few, and typically
one, charged particles we expect:

(i) A slower rise inn

charged beyond W ~ 4 GeV which is consistent

with the data.

(ii) Contributions due to the 2 body decay channels (5) and (6) to the inclu-
sive charged particle distribution s do/dxat 1 = x = 1. This is further
discussed in Appendix B. . These effects are not inconsistent with the present
data.

The L's may manifest also in various anomalies in Yy induced
reactions. Since these effects are much more model dependent, we restrict
ourselves to a few comments. Experimentally the reactions V” - u+ + anything
are suppressed by a factor ~ 100-1000 relative to the '"normal'" process
VM — i~ + anything. 13 If we take 1, to be a lepton as suggested by various
gauge models (so that e.g. u , VH, MO, M and e, Ve E°, E+ both form one
multiplet) then v“ — M+ - u+vv or M° — wo y+v would be a possible source for
such wrong sign u's. This possibility seems to be ruled out experimentally. 13

If 1" is a lepton with a & number then VM — L —u vv will be a source
of lower energy u's and apparent violation of scaling.

For v“ induced reactions it is of little importance if the L neutrino is Ve
or a new neutrino Vi, If however we adopt the present scheme in which the

L's have moderately strong interactions with hadrons then one may attempt to



-7

account for u u+ pair production via diagrams like those in Fig. 1. 14

We have worried above only about phenomenological consequences of the
weak L decay. If the Vi, has no strong HB interaction then
the weak vertex L — Wﬂ t v does not conserve (for vector B) the L‘
charge so that special care has to be taken to insure renormalizability of the
model. Note however that in many schemes only the overall strong + weak
Lagrangian is renormalizable (due to e. g. cancellation of anomalies in quark

and lepton triangles).

Also in Appendix D we suggest a scheme where the Y1, do have strong

interaction.



III. ¢ SPECTROSCOPY

In this section we discuss the binding of LL pairs via the HB interactions
to form the ¥ - like states.

Since we do not have to worry about the admixture of light quarks and the
B particles (the mediators of the B interactions) will turn out to be massive

(m_ = 0.7 GeV and in most schemes m_, = 3 GeV) the description in terms

B B

of just LL bound states may be adequate. Furthermore, if the potential
generated via the exchange of the B's is smoothly varying over the ¢, ¥’
spatial region then a simple non-relativistic Schrodinger equation approach may
be attempted.

This is vefy similar to the simple charmonium model with the difference
that we do not confine the constituents by infinitely rising potentials. The
absolute binding B(1S) = (2mL1—m¢) etc. should also be calculated and com-
pared with the experimental values.

The charmonium model fits imply that in order to account for the level
ordering and the slow decline of the wave functions at the origin for the radial
excitations ¥'(3.7), ¥"'(4.2),... (as inferred from leptonic widths), potentials
which deviate considerably from simple Yukawa's are required. In particular,
an opposite (positive) curvature over the relevant r range seems to be required.

Non-confining simple potentials of the variety which lead to a reasonable
explanation of the whole spectrum by excitations of one LL pair have indeed
been found. 7,24
In our version we have an extra degree of freedom, namely choosing the

L1L1 - inz mixtures of the states. We could thus start from separate pure
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Ll-i‘l and LZ_]:Z levels shifted by Z(mLz— le) and via mutual mixing and two
level repulsion obtain the experimental structure as indicated (see Fig. 2). The
choice that the ¥'(3.7) is the ground state of szz essentially helps to explain

its large leptonic width and could, if X, P(3.5) are Lli states, explain the

1
small e.m. transitions ' — x vy, e1:c.24
The interpretation of the potential in terms of the t~channel exchanges
entailed some difficulties because of the following conflicting requirements:
(i) The range of the potential has to be large (= 7 Fermi) to get the small
(E

E ~ 0.35 GeV splitting.

ap~ Eqg)

(ii) The masses of the exchanged B's have to be large to prevent fast decays
of ¥ particles. .

Clearly no such difficulty arises in the orthodox approach where identical
potentials for ¢ and ordinary hadron binding are generated via the exchange of
the same confined massless gluons.

To elaborate on (i) we note that for Abelian interactions one particle (vector
or scalar) exchanges always yield attractive forces

~Q.r

1
ve) = - D gl S (10)
i

For such potentials (and also for the more general case - Jow) e_“r/r du)15

one can prove that if a P-wave bound state exists then BlS_ B2P is bigger than

a minimum value obtained for V = - g2e 0 /r with g2 fitted to the P wave
binding B2P' For the particular choice B2P ~ 0, i.e. m2Pz 3.4 GeV,

m, ~ 1.7 GeV the numerical estimate of min (B, - B, ) is sufficiently
L1 1S 2P

simple (Appendix C) and BlS- B2P & 0.3-0.4 GeV implies By = 0.5-1 GeV.
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A vector BV of such a mass (or any mass < ZmL ) would be produced in
+ - - 1
e e collisions

+ .- e, 1 nT I "
e e — 'y —-"1]1, —*B,V (11)

and then decay slowly via the weak L quark interaction by -

B, —~ "LL" — qq. 18 Since no significant narrow spikes in o(e e — hadrons)
were observed below the ¥ and between ¢, ¢' a light BV is unlikely. (Also
Mo~ 2BV should be avoided. )

A scalar B 17 should be heavier than m = 0.6 GeV so as not to show

pt ™y
up as a narrow resonance in the 77 invariant mass in the ¥ ' —y mr decay. If
Bs is an exact isoscalar then ¥, ¥', and " cannot decay strongly via HB into
B's due to chafge conjugafion nor would 1" (P wave) and 0~ ("nc") states
because of the Bose symmetry requirements. A model with light B's has some
attractive features outside the realm of just ¢ spectroscopy itself. For
W = ZmL + mp we have also e+e— — LL + Bs’ BS — mr and not only e+e-—-> L
which might be helpful in understanding sdo/dx at small x. Also multi-B
production may account for the quick rise in atot(zp p) as inferred from ¥ photo-
production. Finally if my ~ 0.7 GeV it could help to explain the strong peaking
of do/dmmr for the ¥' — yYmm decay towards m__ = mz/)'—mz,b'

The following difficulties do occur however in the light BS models.

(i) The natural parity x state observed in  — y +x, x — 77 could
decay x — nBS inducing a large width.

(i) ¥ — v + nBS may be too strong.

(iii) An Llil— L2 —I',z mixing bas to proceed via (virtual) annihilation into

B's and thus cannot occur inthe 17, 07" and 17 states. If ¢ ' is mainly
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inz and the P-wave states Llil then mixing is required to account for ¥’

photonic transitions. In general, ruling out mixing decreases our ability to
obtain a good level ordering.

The difficulty with potentials like (10) can be avoided without introducing
low mass B's if we allow for non-Abelian exchanges.

As an example consider the ideal case of exactly degenerate Ly and L,
states forming an " L-spin' doublet. The difference between the shapes of the
R-2.5 and ep signals if indeed a real effect would then require (see discussion
of Section II) a third L. The bound states will now be eigenstates of L-spin
with L =0/L = 1: Llil = L,L,. Let us assume that also in the t channel we
have exchanges of L-spin = 0 and L-spin =1, i.e. Abelian and non-Abelian

interactions. We will then have the following potentials in Llil + L2'-I__,2 and

LlLl - L2L2 states, respectively:

v~ @ 4 gy
(12)
v = O _ @
where V(i), the potentials due to the exchange with L. = 0 and L =1, respectively,
are each of the purely attractive Yukawa form.

Thus the ¢ spectroscopy splits into two pieces, the more strongly bound
L-spin = 0 systems and the more loosely bound L~spin = 1 systems.

To make a concrete choice let us assume that Ll and L2 have opposite
charges, i.e. Q = 2L3 and the photon is L-spin isovector. All states produced
via one photon,y, ¥', ¥'"(4.2), ¥''(4.4), etc., are therefore L =1 states and
X (3.4), P(3.5), "nc” (2.8) and in general any state obtained from the ¥ family

via a photonic transition has L = 0. This is so because three objects with

L =1 and Lg = 0, e.g. ¥, X1,=1s 7, cannot couple.
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Such a model has several nice points:

(a) Assuming ordinary hadrons have L = 0, the ¥ — hadrons decay violates
L-spin and hence, if analogy with I-spin is any clue, may be weaker by order
o than the '"strong" HB pure LL interactions. The hadronic decay of the
L=0(, P, nc) states could still be somewhat dynamically suppressed be-
cause HB > HH but may have widths of the order of MeV's.

(b) Since the L-spin = 0 states are much more strongly bound, the fact
that P-wave (L-spin = 0) states occur below the 2Sy' (L-spin = 1) state is
qualitatively explained. Also the large (~ 300 MeV) ¢ -1, splitting which is
very difficult to obtain in ordinary charm models need no longer be a concern
since the M, is L~spin = 0 and more strongly bound. In fact the an(2.8) could
even be a radially excited state.

(c) Since we are not restricted to small mass exchanges we can attempt to
realize a bootstrap scheme where the ¢ ,9 'etc. exchanges will generate the
binding potentials. Note that the more attractive V(+) potential will cause
Abelian interaction of longer range than the corresponding non-Abelian inter-
action.

V(d) In the present model, the ¥', ¥ etc. are all excitations of the same
ground state so that the problem of similar values of the wave function at the
origin is relevant and could not be resolved if the potential binding these states
is a pure attractive Yukawa type, Eq. (10). Note however that precisely for
this case of L-spin = 1 the binding potential is a superposition of attractive and
repulsive potentials with the attractive ranges being systematically longer.
(see comment (c) above.) It is relatively straightforward to construct by such

superposition Wood-Saxon type potentials which lead to reasonable predictions
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for the wave function at the origin.

(e) A severe difficulty in many of the conventional schemes, namely the
small electric and magnetic dipole transitions ¢'— yPand ¢y — y + nc,4
respectively, may be avoided. Even though the energies of these levgls happen
to be relatively close, these wave functions are in qualitatively different
potentials and in particular the ¢, ¢ ' are likely to be much more spread out
in r than the corresponding L-spin = 0 states. The overlap matrix elements
are therefore likely to be small.

Finally, in the framework of this model there is room for much stronger
bound, lower lying states of the L-spin = 0 family, whereas the discovery of
such lighter narrow states would be detrimental to the ord inary charmonium
and heavier quark models. Note also that the L-spin doublet model implies
doubly charged ¢ -like states.

We would like, however, to emphasize the independence of this specific
L-spin model and the much more general concept of unifying the ey-anomaly,
the rise in R and ¥ physics, which is the main theme of our paper.

The motivation for presenting this model was to show that the difficulties
with the 2P- 1S small splittings and large exchanged masses are perhaps not
insurmountable.

Another non-Abelian model, somewhat less appealing is presented in

Appendix D.
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IV. ¢ -HADRON INTERACTIONS

There are two types of ¢ -hadron interactions: (i) ¥(LL) annihilations
into hadrons, e.g. ¥ — 37, and (ii) ¢ bilinear processes, e.g. ' — ¥ 77 and
¥p —9¢p. The calculation of both types of interactions in a simple, reasonable
way is a great challenge in all approaches. Experimentally the total widths of
the lowest § states are ~ 10 ° smaller than typical hadronic widths. Ex-
clusively we have, for example, I' (¥ — pm)/T (p — 77) ~ 10—5. The bilinear
decay ¢' — ymm is much faster and crtot(z/)p) ~ 1 mb at high energies (s ~ 200 GeVz)
is the value derived from coherent ¥ photoproduction by using VDM. The last
value of G’tot(z/)p) is an order of magnitude smaller than ordinary meson proton
cross sections. In the folilowirig we take the point of view that this suppression
indicates that the quark-1L interactions are smaller than ordinary quark-
quark interactions and the  L's  do not belong to the quark family. We do
bear in mind, however, the possibility that this last suppression may be ex~
plained by some dynamical or kinematical mechanism related to the large charmed
guark mass. Thus Tt ot (¥p) ®# 1 mb may in fact be the best single piece of evi-
dence for the hadronic nature of the ¢'s.

To explain the ¥ decays we introduce a new vector (1_ ) boson H which
couples to both quarks and L's and for simplicity will be taken to be a
singlet of both quark and L symmetry groups. Since we want to keep
vector couplings universal we do not identify H with B, the vector particle res-

ponsible for LL binding. The relevant interaction Hamiltonian is

H, = gLHAL + gqHq (13)
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and the hadronic § decay proceeds then via the diagram of Fig. (3.a). This can
be compared to the leptonic annihilation diagram Fig. (3.b) which involves the

same ¥(0) (wave function at the origin) factor and hence

4, 4 )
e/my Ty |1
I, 4 T ~ 10 (14)
g’/ms Y —had
and 9
-3 -2
£~ (2-8)x107°GeV " ; (15)
My

we assumed above myy >> m¢ . In principle a small My need not be ruled out

since the small coupling to LL will reduce its effect on Utot(e+e_ — "hadrons')

and on ¥ particle decays (e.g. ' — H + nc). However, unless 2mH = m

n H
c
Mo 2Hv could be the dominant decay of Mg For the other extreme case
mil << mz , Eq. (15) is replaced by
ez/mz 9 9
5—5 ~ 1 i.e. g° ~ 4e”" ~ 3 (16)
g/my

not a very small coupling.

Note that Eq. (15) or (16) is our substitute for the Okubo-Zweig-Lizuka
rule. It is simply built in by choice of sufficiently small coupling constant18
(and/or large m).

The ratio T /

hadronic is expected to be the same for ¢ and ¥'.

1_‘lep‘conic

This yields T, ~ 20-30 keV in accord with the lack of strong

Y' — hadrons
branching ratio to identified final hadronic states in ¥' decay.
Charge conjugation forces ¥ bilinear processes to occur in second order

in Hy of Eq. (13) with very small widths orcross sections in contradiction
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with the data. 19 We are therefore led to couple also a scalar meson HS to both

quarks and L's

- o L5 a=
HHS g LLHS + g quS . (17)

For the scalar coupling there is no universality and gSL >> g&? is possible. 20
The scalar HS could then be identified with the light scalar Bs (of mass
m = 0.7-1 GeV) introduced in our discussion of ¥ spectroscopy.

A large effective coupling g“fp, v /4m = 0.4 is required for y decay and

)
hence gsngL ~ 1 also. Crossing over to the ym — Y7 or ¥p — ¥p scattering
region, we find that UtOt(qbp —yp) ~ 30 pb at s =20 GeV2 — the value indi-
cated by VDM and ¥ photoproduction.

The single scalar exchange diagram cannot, however, explain the sharp
rise of otot(qbp) to = 1 mb at s = 200 GeVz. One possible way is to associate
this rise with inelastic final states of the type

IL+p
yp — § _
LL + nBS +p
A multiperipheral structure analogous to that of hadronic collisions could arise
particularly if we have strong trilinear BS coupling. No new Lq (analogs of
charmed cq composite) states need be invoked to explain the rising otot(¢p).

The prediction of a significant ex signal in yp colli’sions is a common

feature of any L model. This prediction is independent of the details

of the final state in

yp — LLp (18)
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or _ .

'yp-—hLL+nBS+p . (19)
The Bethe-Heitler cross section for reaction (18) has been calculated to be
.H~ 0.3 nb at EY 100 GeV for m, 2 GeV. .

Since ¥p scattering is likely to be largely inelastic we expect in our

scheme

o - > ¢
vp - LL+X Yp — ¥p

and the latter is = 0.5 ub at Ey =100 GeV.
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V. COMPARISON TO CHARM
The detailed predictions of the charmonium scheme which cover extensively
all facets of ¥ spectroscopy (¥ ¥' x Pc Mg levels and transitions ' — x+vy, ..

can be regained in nonconfining models of the type discussed here. 7.24

We believe that the sucess of the charmonium picutre rests mainigr on the
following key features:

(i) "Large" Izpn(O) !2 wave functions at the origin.

(ii) The correct level spacing and in particular E(2p) < E(2s).

Both of these can remarkably well be obtained with linear potentials.

Once (i) and (ii) are achieved then the order of magnitude of radiative transi-
tions are essentially fixed by e2_ and u, the charge and mass of the fermions via
the various dipole sum rules.

Also large lzpn(O) 12 ensures large y — e'e” and ' — e+e- and may be of
some help in increasing spin (nc—zp) splitting.

Clearly by postulating a potential that will approximate a linear potential
effect, as was done to a certain extent in the work of Feinberg and Lee7 (this
was kindly pointed out to us by E. Eichten), these essential features can indeed
be achieved. This model also incorporates the sharp rise in R around W=4 GeV
and some of the resonances above. It is furthermore clear that one will be even
more successful trying two lepton types with different potentials, a case that is
discussed in detail by Hagiwara and Sanda. 24

The advantage of the charmonium scheme lies therefore in our view mainly
in the natural way in which linear potentials arise (hopefully already at distances
of .2 Fermis), due to the asymptotic freedom and infrared slavery of the theory
as contrasted with the difficulty of obtaining potentials of this variety in the

case of non-confining potentials.
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V1. SUMMARY AND CONCLUSIONS

We have introduced above a scheme with unconfined ¢ constituents. We find
that the available data do not force on us the conventional confined charmed quark
assumption though it is not easy to find as simple and elegant a scheme-as the
charm-SU(4) and color gauge theory.

The main motivation behind our suggestion is the desire to trace back to
a single source all the spikes, resonances and ey anomalies in the e’e” collid-
ing beams.

The present scheme is much more flexible than the charm scheme. As we
have seen various difficulties can be averted by including non- Abelian gluon
exchange forces, low mass scalar exchanges, neutral strongly interacting
L's, etc.

What are the decisive experiments which could disprove our hypothesis?

It is clear that if new charged stable mesons with nonleptonic decays are found
to be significantly pair produced at SPEAR or DORIS at the peaks observed
around W =~ 4 GeV then the charm hypothesis ( or some similar model with
several heavy quarks ) is presumably true. The unique prediction of our scheme
is that at W= ZmL =~ 4 GeV no resonant structure in any set of completely
constrained events should be found as we sweep through the new resonances.
The resonances decay predominantly into LL and each L emits an unobserved
Vi More evidence for the charm scheme would be the production of a baryon
with a sharply defined mass which decays semileptonically ( the apparent
violation of the AS = AQ ruleis in the GIM case a very efficient indicator of
these events ). The point is that while our scheme may in some version

( similar to that of the non- Abelian model presented in Section III) contain
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low lying L+io , l.e. "mesonic" bound states, it is not expected to have baryon-
L bound states of any kind.

On the other hand the medium strong interactions of the "heavy leptons'' can
be confirmed, e.g. by finding strong excess of ey events in photoproduction ( and
also in meson-proton and proton-proton collisions ) as compared to the estimated
QED or ordinary hadronic background.

If repeated attempts to find charmed particles will continue to fail, alternatives

will have to be looked for. If this indeed is the case and if the particular scheme
we suggest here is confirmed then a new world of non-quark strongly interacting
particles exists. It wouldmeanthat we are much further from a complete under-

standing of elementary particles but it is certainly a very exciting possibility.
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APPENDIX A

We would like to show that the experimental data on y= <Ech/W> are
inconsistent with the following set of assumptio ns often made in the "'standard
approach!" to the new threshold in R : -

(a) We have two components in the e+e— annihilation, the 1old physics” component
involving ordinary quarks only and which would scale at its W =~ 3.5 GeV value
to give R~ 2.5 and also a scaling s do/dx inclusive distribution , and a '"new"
component .

(b) The new hadronic component with a threshold around W =~ 4 Ge V and which
accounts for the rise in R is due to excitations involving new heavy isoscalar
guarks ¢, c¢', etc.

e'e"~ cd — DD+ mesons (A.1)

Now the following''equipartition'theorem and identity of inclusive cross sections

do _do . do _ do (A.2)
dP7r+ dP7rO dPK+ dPKO

can be proved for the pions and kaons produced directly, i.e. not in the weak

D decay. This results from I-spin invariance and is most easily illustrated

by using Mueller's theorem to relate the inclusive cross section to the imaginary
part of a fictitious scattering amplitude involving an outgoing 7 and a virtual
"706 1 target.

Let us write y as a weighted average of the various contributions

Rotd Yold ™ Boharm

y = R

€ y; +15 o)

(A.3)

where f, ~ (W - 2mD)/W and f, ~ ZmD/W are roughly the fractions of final

state energy taken by the directly produced mesons and by DD, respectively.
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(It is unlikely from a naive phase space consideration that the DD system
will carry energy much in excess of the heavy DD rest mass. )

From scaling Yold should stay at its value (= .57) at W= 3.5 GeV
before the new threshold and y; & .67 due to equipartition.

For W = 8 GeV fl = f, ~ 0.5, Rg~ R WNR/2 and y = 0.5. Solving

d ne

(A-3) for y, we find Yo = 0.2-0.3. This small value should then show up as a
break in the curve of y versus W at W =4.2 GeV where the effect of D decays
is maximal. These conclusions change somewhat to Yo = 0.3-0.4 if a single
heavy (ordinary) lepton is introduced.

In our scheme Yo ~ 0.3-0.4 arises very naturally, and again

- yhea.vy lepton
a break of the y curve at W = 4.2 GeV should occur.

Thus the systematic trénd 6f decreasing y down to 0.5 at W =8 GeV is very
difficult to understand in either scheme.

One other mechanism which should be considered is that the jet structure
recently observed at SLAC 1 is more pronounced for charged particles ( which
more closely follow the direction of the charged ¢ parton as is the case at
large Qz production of positive pions on protons ). Also the jet angular distri-
bution is somewhat forward-backward peaked. Thus the corrections due to loss
of forward-backward moving fast charged particles is more severe than that of
the neutrals.

A final comment (due to K. Lane ) related to the question of observed
energy is that at the ¥ and y¥' y =2/3 (apart from minor correction due to
the decays via a single photon, which amount to ## 20% and have anyway R = 0. 57,

and the . cascades, in the ¢' case also the ¥' — <+ +y contribution), and

hence is significantly different from y at the neighboring background points.
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APPENDIX B

The y—LL production - if it is indeed pointlike as in the standard models -
has implications for the inclusive spectrum s do/dx at "large' (x~1) and medium

(x~0.5) x values. The reason is that L decays into a few particles, e.g. L —

T Vi ,o+ Vi A1+ V1 with fixed energy independent branching ratios. At
sufficiently high W ( and m, == 0) 7r+, p+, Al+ have x distributions which are
L

flat between zero and one (the upper limit extends to x =0.93 at W =8 GeV and
to 0.99 at W =16 GeV for L — 7r+v ). Since the experimentally observed s do/dx
is smaller by two orders of magnitude near x =1 than its maximal value it is
clear that the x = 1 region par‘picularly at higher colliding beam- energies could be
a very direct test of the point-like heavy lepton production. Competing processes
like e'e” — T 7™ are expected to be extremely small because of form factors

(Fw(t)z ~107% at ¢ =64 GevV?

).

What happens when strong LI interactions are introduced ? A priori we might
expect to have deviation from a point-like production because of the existence of
a form factor, e.g. due to diagrams like in Fig. 4. However, models with only

heavy B's (m_= 4 GeV ) responsible for the BL interaction we may have still

B
effectively point-like cross sections for most of the region explored so far, i.e.
up to W =8 GeV, since roughly speaking the LL once formed has no strongly
communicating channels into which it can break. Thus all our comments above
will be relevant in this case and even more so since a larger fraction of R is
attributed to L. There is, in this case, no obvious mechanism for systematically
enhancing s do/dx at small x as W increases further and further beyond 2mL.
The situation is quite different for the second class of models with my =

1 GeV when LI production will in general be associated with one or more B's.
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efe™— LL+B+...
where the B eventually decays into hadrons populating the small x region. Also
the L's take less energy than W /2. Clearly the last process, if indeed important,

will also effect for W significantly larger than 2mL the eu signal, its magnitude

and also eu energy distribution.
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APPENDIX C

The partial wave Schrodinger equation for zero energy is an eigenvalue
condition for the coupling g2

2
d X
- + 222 L) Uyr) = V@ U,m (C.1)

dr r

It can be cast into an integral equation

o0
2
U,r) = g [GQ(I‘,I")V(I")AQ(I")dT' (C.2)
with
T
Gﬂ(r,r') = (C.3)
1 r'jz‘l_l/r2 r' < r

20+1

For V(r) a Yukawa potential we can symmetrize the kernel and change variables

to
-p.r/2 -p,.r'/2
e 9 —ox, o0 - Y.

This gives us 1
2 2\ 1
V,X) =g { (—“—(-)) o7 B, Y) V(¥)ay

(C.4)

\ 1
an>\“2
H,&X,Y) = myY }

The smallest coupling g2 for which (C.2) or (C.4) is satisfied is

2

_ 2
Cmin (2£+1)“0/}‘ma,x ’
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}‘max’ the largest eigenvalue of H, can be easily approximated by writing H as

a finite matrix. We find for 2 =1

=1
2 ~ 2
Bmin 22
and for £ =0 )
£=0
2 2
€min 0.36

i.e. the coupling required for P-wave binding is roughly six times larger than
the corresponding minimal coupling required for S-wave binding.

=1
The estimate of Bg the S-wave binding, for g2 = gfnin‘ is readily done
by standard variational techniques. From Flugge's bookz3 we find (page 190)

K =~ 12, p = 16 and Bls = 0.8 VO where

2.2 y.g

L
VO = Sm = I-lO (in GeV) (In=-2—— ~ 1 GeV) .

So if we insist on B(ls) =~ 0.4 then Ko = 0.7 GeV.
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APPENDIX D

As an alternative non-Abelian scheme where instead of having just two

L's we introduce two SU(3)L triplets

L (o . 0
171 L’ LoLy s v L,

where VL are the associated '"neutrinos'" and weak interactions transform
i

Li - VLi. We assume le
exact though SU(3)L is badly broken (m(vL ) & m(VL ) ® 0). The photon now
1 2
carries L-spin and couples to L-spin = 0 and L-spin = 1 states. The 43 and
i

ordinary hadrons are L-spin singlets. The L-spin =0 LL states are very broad

~ <) ] 0
o mLf and SU(z)L in the LlLl sector almost

since they always decay into VL7 . Thus the ¥ family and the P-wave states
are to be associated with L-spin = 1.

For such states the exchange of L-spin singlet (triplet, i.e. non-Abelian)
mesons gives rise to attraction (repulsion), respectively, as discussed in
Section III and ''nice" potentials can be likewise generated. Also the mass of

the BL—spin=0 particles can be very low since the ¥ family would not be able to

v
L=0

could give long range potentials and further help with ¥ spectroscopy.

decay via emission of these ' —¢ + B is forbidden for vector BV) which
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FIGURE CAPTIONS
A possible diagram for y pair production.
A possible assignment of levels. .
Some of the decays of ¢ particles.

A diagram contributing to L form factor.
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