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ABSTRACT

The implication of the rates of (ye) and (ep) events observed at SLAC
and DOBIS on a choice betveen tiro alternative quark decay patterns are noted.
If Jets produced in e~e annihilation contain liberated quarks, decaying
predominantly into neutrinos + mesons, we would expect some 20-305 of energy
to be carried avay by neutrinos In calorlmetric measurements, compared vith

SJ12JC in case the quarks are confined. Pair production of quarks and gluons
•fay hadrons could provide an abundant source of prompt neutrinos. Whether
such a source,unavailable vithin confined QCD,is needed to account for the
recently reported beam-dump results can t e decided unambiguously once
measurements of charm production are carried out adequately.
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I. IKTRQEUCTIOH

The discovery of jet phenomenon in e e~ annihilation displaying a
o

predominant (1 + cos 6) distribution offers credence to the hypothesis of a

production of point-like spin-l/2 naive quark partons. But i t also raises an

important question: are these quarks liberated - decaying as physical particles
2)into leptons and hadrons (vith a violation of baryon number ) or are they

confined . An appraisal of this question is also motivated by the recent
results of the beam-dump experiments reportedly exhibiting a production of
neutrinos from a new source at a rate perhaps an order of magnitude higher
than expected.

It has been stressed within the context of a unified gauge theory
that depending upon the pattern of spontaneous symmetry breaking, the theory

2l 5)in general permits "" of two possible solutions for quark charges: integral
and fractional. For the former, colour SU(3) as^local symmetry i s softly
broken, and the octet of gluons acquire physical masses (in the favoured
model M 1 to 10 GeV). Also baryon ' (B) and lepton numbers (L) and possibly
also the fermion numbers (F • B + L) are violated, the quarks thereby becoming
unstable against decays into leptons . For instance, with fermion-number
conservation (iF = 0), but baryon and lepton-number violation (AB • -4L f 0) .
quarks acquire decay modes as

q -* v + mesons CD

The associated lifetimes are in the range «/10~ to 10" sec for
m z 2-3 GeV and decrease as m for larger masses. Real pair production
of such unstable spin-l/2 integer-charge quarks followed by their decays Into
missing neutrinos plus normal hadrons (IT'S, K'S and TI'S) provide the simplest
explanation of the observed hadronle Jeta and simultaneously of the fact
that only integer but no fractional charges are seen in the Jets. There is ,
in short,no need in this picture of absolute confinement of quarks and
gluons.

For the alternative fractional quark charges, colour SU(3) as a local
symmetry remains unbroken and the octet of gluons remains mftsalees. Since
no fractional charges or masBless gluons are seen, i t must be assumed that i f
the primary production i s that of quark pirtonai these partons quickly
lose their energy 'by shedding IT'S, K'S , n'a etc. and then without any
disturbance to the Jet-like tendency, themselves, recombine into colour-
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singlet hadrons, through the long-range confining force which they experience.

The two theories mentioned above (.integer versus fractional charge quarks with

spin-one gluons) both rely on quantum ehromodynamics CQCD) to generate the

Both enjoy asymptotic freedom at least in the

They differ from each other primarily in respect of the

question of liberation or confinement; hence we refer to the two theories as

"liberated QCD" and "confined QCD". respectively.

effective strong interactions
101

temporary sense

It is important to distinguish experimentally between these two

alternatives. With this end in view, ve first review in this paper the

alternative decay patterns allowed for quark decays within the flavour-colour
2)

symmetric unified theory of quarks and leptons . We remark that depending

upon the masses of red versus yellow and blue quarks and the masses of quarks

versus gluons, there are essentially two alternative patterns for quark decays

I) Either all twelve quarkB ' (p,n,X,c with red, yellow and blue

colours) decay primarily (directly or sequentially) into neutrinos

plus mesons (ir.K.n... .etc) without emitting charged leptons (see (1)),
o r two

II) the eight yellow and blue quarks as well as the^neutral red quarks

(p . and c^ ) decay as in I , but the two charged red quarks

(n~ , and X~ .) can decay into charged gluons plus neutrinos; the

charged gluons in turn decay into (ev), (yv) or hadrons

, X")
red

V" + v

^»(ev)>(pv).hadrons
(2)

Heedless to say, the second decay pattern could arise only provided the charged

red quarks are heavier than the charged gluons.

How, subject to the assumptions that i) the liberated {p and n) quarks

have a physical mass m « 1.8-2 GeV, ii) their electromagnetic form

ftctors in the SPEAH energy range is of order unity.and i i i ) they are
81

slowly varying, the decay pattern II could lead to (ep) events

(e~e+ •+ e~u + missing momentum) of the type observed at SLAC and Doris

through real pair production and subsequent decay of charged red quarks. We

remark that this particular interpretation of the (en) events,though consistent

with the observed lepton-momentum-spectrum and the energy dependence of the

(eu) cross-section, appears to be in conflict with the

rates of (ep) events together with those of (ey) events.

-3-

recently reported

This in turn has the following implications for the hypothesis of

liberted QCD:

Either a) liberated quarks and gluons are relatively light (.i.e.

m « 2 to 3 GeV for p,n,X,c flavours), but the decay pattern I rather

than II holds. In this case all tvelve quarks are decaying primarily
17)

into neutrinos + mesons

Alternatively,

b) liberated quarks are relatively heavy (m *J h to 10 GeV). In

this case either decay pattern I or II is permissible. Such medium

heavy quarks as well as gluons vould be pair produced at PETRA and

PEP and by high-energy pp and pp machines which are being planned.

Using either quark decay pattern I or II, ve spell out a distinct

signature of liberated QCD for high-energy e~e experiments involving

calorimetric measurements. Such measurements should show an excessive energy

loss of order 2k~30% for liberated QCD(assuming quark electromagnetic form

factors are nearly unity), Such a loss owes its origin primarily to energy

being carried away by neutrinos arising from pair production and decays of

liberated quarks. Confined QCD would give rise to an energy loss of only

about 12?.

At the end we remark briefly on the role which liberated quarks and

gluons may conceivably play in providing an explanation of the perhaps excess

neutrinos observed in beam-dump experiments.

I I . QUARK DECAY PATTERNS

Quark decay modes as predicted in the framework of a unified gauge

theory have been presented earlier . . Here we list these and draw

attention to some of their salient features. Basically the following patterns
1 A \

emerge subject to the assumption of fermion-number conservation (AF • 0);

fellow,blue

+ « „ + CK.K", ••• )

Vellow.blue * \ + C M . . .

•+ v + Ut,K»)

q - p,n



dominant)

L. or \> + (mesons)
(3)

nyellov,blue * pred +
yellow,blue

dominant ,

m(p

Seutral red quark decays

pred * nyellow,blue +

+ \i + w
•• y

oo
°red + |yellow,blue . Y

Alloyed i f

m(Vllow.blue>

C)

|yellow

L—fM + mesons

{In the decays afcove strangeness i s not conserved.)

Charged red quark decays

)
red

{*>

(In a l l decays above strangeness Is to he conserved, with either \>e or v^

teing strange •"*'.)

(5)

I—» ev, iiv.

n r e d o r p

(6)

(in these decays strangeness Is conserved.)

i l ) m . - m , , >ra
red y e l l o w n

I—* v + mesons (7)

(•) Allowed for [SuCO]1* theory 1 5 \ but not for the basic model based

5U(2)R x -5-

We thus see that under a l l circumstances the eight yellow and blue

quarks as ve i l as the tvo neutral red quarks decay into neutrinos + mesons.

The two charged red quarks would decay sequentially into charged leptons If

m(.q^ed) > m and simultaneously mCq^ l̂ - '"^eiioyJ ^ m i ' If either

of these two conditions gW not satisfied, even the tvo charged red

would decay into neutrinos + mesons.

" 1 1

Their lifetime in a l l eases would

0~12s t i l l l i e in the range of about 10"11 to 10~12 sec ( i f m « 2-3 GeV). I t

would be about an order of magnitude shorter (10~ - 10"13 sees) If quarks

are about twice as heavy.

[Thus quark decay modes, for practical considerations, may be classified

into two basic alternative patterns as mentioned In the introduction:

I) Either

In this case all quarks decay directly or sequentially into

(neutrinos + mesons) without emitting charged leptons

q + y + mesons (8)

II) Alternatively, m and

In this case all except the two charged red quarks decay as

above. The charged red quarks can decay sequentially into

charged leptons

I—»ev, or hadrons (9a)

In addition they may also decay (assuming that the underlying

symmetry Is at least as big as [SUCO] ) into (neutrinos +

mesons) (see (6j) ,

+ (p, etc.) (9b)

The following features are now worth noting:

a) First observe that quark decays yield neutrinos but not anti-neutrinos.

This Is a consequence of fermion-masber conservation (4P • 0) .
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b) Preferential emission of neutrinos rather than charged leptons:

The most characteristic feature of quark decays ia that they predominantly

emit neutral leptons, i . e . neutrinos (v and v ) rather than the charged leptons.

At best, only two out of the tvelve quarks (p.n.X.e) ^ . i . e .
nred a n c i *r d ' m a y d e o a y T l B t * two-step process emitting charged leptons

(e~ and vi~), if the decay pattern II materializes. In other words, all

tvelve quarks (for decay pattern I)and ten out of twelve quarks (for decay

pattern II) decay into neutrinos plus mesons without emitting accompanying

charged leptons. Thus pair production of quarks by hadronic collisions would

contribute (for either decay pattern) to prompt neutrinos without at the same

time contributing to prompt electrons and muons. This unique property of

quark decay, we stress, can be used to signal quark-pair production via beam-

dump experiments (see remarks la ter) . To our knowledge no other "haflron"

exhibits this strong preference for emitting neutrinos rather than charged

leptons.

c) - Ratio in hadronic collisions: Following decay pattern I (or I I ) ,

we see that the sum of branching ratios for quarks to decay into v and v

is unity: B(q ->- ve) + B(q, + v ) = 1. The ratio [B(q, •* u )/B(o_ •+ \i ) ] averaged

over a l l quarks is in general expected to differ from unity. This is partly

due to the fact that ve 'a may be emitted in association with (ir.p) particles

and v 's in association with heavier (K,K») particles for the case of (v ,e)

being non-Btrange (see l i s t of quark decay modes). Even within the decay

pattern I , the ratio B(ve)/B(\> ) depends quite sensitively, however, on the

relative masses of red versus yellow versus blue quarks. After examining

different alternatives we find that the ratio may vary quite easily between

»2,5 to 1/2.5. To see this, assume that quarks of (p,n,X) flavours of a l l

three colours are produced equally (in pairs) in hadronic collisions and that

charm-quark production in comparison is negligible due to their heavier masses.

How consider the following three cases: Case 1: m(p .) > m(n ) and

[m(nred ) ~ m(nyellow)] * \ '' Case_2.: m(p°ed) > m (n?,^,....); but

with <• m and Case 3:

m(q m ( q red ) i w l t h

The major differences between the decay patterns for these three cases

may be seen by using the list given above. For example, consider Case 1 versus

For Case 1, p ° e d vould decay into (n° e l l o w + y) with n ° e l l o vCase 3.

- T -

decaying into (-u + ir etc) or (v + K etc) . For Case 3, on the other hand,

vould decay (see l i s t ) into y + w's , so also would whilep ,
would decay into (\j + K).

Taking this sort of differences into account and also allowing for

some phase space difference between (it,p) versus (K,K») associated modes,

we estimate

B{ve)/B(v ) x (S to 2.5). 1 and (1/2 to 1/2.5)

for Cases 1,2 and 3, respectively. The above numbers correspond to averages

over (p.n.X) flavours of all three colours. Thus we see that B(\>e) may have

a value roughly between 70 to 30$ and correspondingly B(\) ) between 30 to TOjC.

The important remark is that any significant asymmetry between prompt v^'s

's , to our knowledge, can only be ascribed to production of decaying

d) The rates of SLAC-DESY. (ue) and (ep) events and a choice between the

aecay patterns I and II (for light liberated quarks): I t has been remarked

before that both (vie) and (ep) events of the type discovered at SLAC

and DESY may have their origin in the pair production and subsequent
21)decay of light liberated charged red quarks provided that the quarks decay

via pattern I I rather than I . The sequence of eventB in this case would be

as follows:

e e -t- (q = n and X)

V v

L- L +
u>e v_ I—fU v

(10)

p v

(q = n and X)

UD

15)
To date,with improved measurements, • the above interpretation of the

(ey) events s t i l l appears to be consistent with a) the lepton-momentum

spectrum
£2) , b) the rate and energy dependence of the (vie) events by
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themselves,and e) the lack of significant semileptonic (^e) events. We now

argue that the recently reported rate of (_epl events(and in general of (e +
taadron ) events) together with the rate of leptonie (.eu) events, however,
seems to be incompatible vith the quark interpretation for these events.
This may he seen as follows.

The rates of (e~v
+) and te"p+] events arising through (10) and (11)

may be represented by the corresponding R parameters. These are given hy:

R ( e [ B { V * e v ) ] [ E C v (12)

[B ]pvJ (13)

Here R_ denotes the contribution of the sum of (n~ + n+ ) and

(X~ed + * r e a ) Pair productions to the R parameter, within the gauge theory

approach E « tg) ! ' -_„(•) I i where f_aY(B) i s *he quark electromagnetic
form factor. ]L and B denote the branching rat ios for charged red
quarks to decay Into (charged gluons + neutrinos) and (p+ + v) , respectively,
while B(V + ev) i s the branching rat io for charged gluons to decay into
electrons plus neutrinos. From (12) and (13)

PV
B(V

A fraction ($ one third) of the e~ii events could also arise ' from the
pair production and subsequent decay of charged gluons 25)

26)
Inclusion of

th is contribution does not in any way al ter our conclusion """'. For
simplicity of writing l e t us therefore ignore this contribution. We may then
evaluate the right side of (I1*) by equating the same with the observed rat io
of (e~p ) versus (e~n ) events. The la t te r may be deduced from the quoted
experimental branching rat ios for the pres-umed heavy lepton origin for the
events. Using 1 5 ' B(T" •+ e~V \>) = 0.18 ± 0.02 and 2 7 ' B(T + •+ p+\> ) =
0.2U ± 0.09. we obtain

lit 11:11« u . 3 * o . T >

- 9 -

Equatingj|riglit sides of (Ik) and (.15). and using B(V + yv] » -r (.see Refs.6 and

11), we obtain

[B /K. ] « 0.1*3 ± 0-23 • (16)

Including other semileptonic decay modes of charged red quarks, i . e . (A,v)

(3ir) v . CTT v) modes in accordance with the observed rates of e~

e (.3it) , e IT events, one may conservatively deduce that the to ta l semi-

+

leptonie branching ratio qf~ charged red quarka

h + v )

(where h ;i,ea uu>

Using B^ >, (1.3)B

now deduce
pv

-xade one gluon), J.H a\, _ea

, Eg..(16) and the sum rule

B,,,, •< 0.7

+ B

a.gner than 3
pv

1 , we may

(17)

Thus, in order to account for the olrBerved rate of (e~h+) events (where
h+ = p+, (3*)+, Aĵ , TT+ etc) relative to that of the (e~u+) events, ve need
to assume that the gluonic branching ratio Bv of charged red quarks must
be less than about 70$. On the other hand, using R - #(„•) (with
|f ( s ) | * 1), It is easy to see (see Ref.8) that one needs the gluonic

by
branching ratio By to exceedlabout $0% in order that the bulk ( fc, 2/3) of

— +
the e u events may be attributed to pair production and subsequent decay
of charged red quarks. This i s the incompatibility vhich we referred to
earlier. From this we may draw two important inferences:

i ) A large fraction of the (lie) and the (ep) events,which cannot be
attributed to charm-particle decays,are in al l likelihood due to pair
production and decays of h ivy leptous. So far, this conclusion had been
drawn by several authors without, however, adequate reasons.

i i ) If quarks and gluons carrying Integer charges are liberated and
have relatively light physical masses ( i , I L 4 2 to 3 GeV), then al l twelve
of them,including the charged red quarks (n~ and X" ,) , must ^e decaying
into neutrinos plus meBons (ir,p,K,K*,rt, etc.) without emitting charged
leptoas. In short, decay pattern I rather than II must apply i f quarks are
liberated and are relatively light. This would be the case, as noted before,

--10-



aa long as at least one of ttie two conditions1 a] m(a ) - m[a ) > m
2Q) _ _ T"ed ^-ellov IT

and b] m(|3^ed) < m(V ) is satisfied. In the subsequent discussion we

shall discard decay pattern II and assume decay pattern I for the case of

light liberated quarks. yl

There is of course the alternative that liberated quarks and gluons

are medium heavy with their physical masses in the range of It to 10 deV for

quarks and perhaps 8 to 10 Gev for gluons. These would be produced only at

PETRA and PEP energies.

III. CALOSIMETRIC MEASUREMENTS FOR e~e HADHOBS

With liberated QCD, assuming that liberated quarks have physical
masses « 2 to 3 GeV, we would expect a significant fraction p ( s) (i^r) of

- + 1
the total e e hadronic annihilation at SPEAR energies to involve real
qq production. Here p (s) denotes the square of the quark electromagnetic

lU)
form factor . Since light liberated quarks decay entirely into neutrinos
plus mesons (see Sec . I I ) , we would therefore expect that a sizeable fraction
K of-the total.centre-of-sass energy will be carried a.vay by neutrinos.
Hov, making the plausible assumption that quark decays into v + mesons
occur primarily via two-,three-and four-body channels with roughly equal
probabilities (so that on the average nearly cne third of the quark energy
i s carried away by neutrinos), ve estimate that sufficiently above the threshold
for quark-pair production a fraction

quarks „, ,10,

(18)

of tbe total e~e centre-of-mass energy going into|so-called hadronic channel
would, be sarried avay by misBing neutrinos arising from ,1ust quark decays.
Here (10/3) p (s) represents the to ta l contribution of (p,n,X,c) quark pair
production to R, p4(s) being the square of the quark electromagnetic form
factor. We have set E ^ , . , W U.5.

There would in addition be missing energy due to

a) pair production and decays of charged gluons (.V V~],vhieh contri-

bute (l/8) P,/s) to E where Pv(s) denotes the square of the gluon electro-

magnetic form factor ;

b) pair production and decays of charmed mesons; these would contribute

(l-p(s)) (l*/3) to R, corresponding to nearly a fraction (l-p(s)) of charmed

quark-parton pairs recombining to form charmed mesons, and

c) pair production and decays of heavy leptons, which contribute one
unit to E.

Since charged gluons decay into (e\i) and (uv) with nearly 30? (or 1/3)
branching ratio for each mode and that neutrinos from tvo~body decays would
carry nearly ^0% of parent energy, we expect

(19)

For charmed particles,taking a (e+y) leptonic branching rat io m 20%

and the fraction of charmed part icle energy carried avay on the average by

neutrinos to be nearly (30?S), we estimate

charm ,_ t \\ r^

»(1-Pq(s)) {Si) 120)

15) as well as some theoreticallyLikewise, taking into account the known

calculated ^ ' branching ratios for (v e~v ), (u y~v ) , (v p), (\) A,),

(v it) and (v + multimeson) modes for heavy lepton decays, we estimate that

the fraction of heavy lepton energy carried away on the average by

(v or v } is nearly 1*0-50$. From this we estimate

ieavy lepton
total

.10? (21)

Adding (18), (19), (20) and (£1), the net fraction of e~e centre-of-mftss

energy going Into channels other than e~e and p~u , which would be carried

away by missing neutrinos (v , v ,v ) , for liberated QCD. i s estimated to be

-12-



quarks . aluona cbann heavy lepton
"liberated K * ^ + c K

+ (10*)

Taking ' p (a) « (1/2 to U/5) at SPEAR energies we estimate

'liberate

(22)

(23)

For confined QCD,.the corresponding fraction »ay be estimated from

above by rlaply setting p ,,(•») • 0 (this amounts to Baying that for confined
q»»

QCD quark pair partons recomblne one hundred percent of the time to form
normal hadrons and are never liberated as physical particles). Thus we estimate

"confined a 12% (2*0

In other words, liberated QCD ia expected to yield missing energy, vhich is

about twice as large as that expected of confined QCI>, A measurement of

total missing energy (and momentum) through calorlmetric measurements in-

volving detectors covering as much of the 1** solid angle as possible should

thus help provide a clear distinction between confined and liberated QCD.

Such a test at SPEAK energies would help establish or eliminate the hypothesis

of light liberated quarks, while such measurements at PETFA and PEP energies

would do the earn* for medium heavy or heavy liberated quarks (m « U-10 GeV).

IT. BEAM-DUMP EXFEKCMERTS

F i n a l l y we comment on the p o s s i b l e r o l e which l i b e r a t e d quarks and

gluons may play in accounting for the recently reported apparently excess

neutrinos (v , v , v ,\7 '&) being produced in the 1*00 GeV proton induced

beam-dump experiments.

First of a l l the neutrinos produced in the dump appear to be in excess

of those expected from IT and K. which would decay in the dump. This excess

translated into a total cross-section <j for production of a new particle

"N" in p+p Multiplied by the branching ratio B(vJ of JJ to decay into v
ji e B

appears to yield {subject to certain assumptions about x dependence and
average p_ for the production of H)

* (25)

The lower value i s given by the CD5S and the higher by the tnifelxLe chmrter groups

If the new particle la charm, taking Btve) « 10it for charm particle decays, i t

appears that one would need

(26)

to account for the observed, data. This ia at least a factor of 20 higher than

the upper limit of 1.5p"b given by emulsion experiments ' for the production

of charm particles tiy tffe" 300 GeV proton beam under the assumption that charm

particles have lifetimes in the range 10 - }0 sec.

Until the experimental numbers •- involving charm production

measurements {especially their sensitivity towards different lifetime

assumptions) as well as beam-dump measurements sett le , i t appears premature

to conclude that charm production cannot account for the excess beam-dump

neutrinos. However, If the discrepancy turns out to fre real, we

wish to stress that It would be a strong signature for a source of neutrinos

unexpected within confined QCD

We now remark that the excess neutrinos of the sort observed can In

fact quite naturally be ascribed to pair production and subsequent decays of

either light liberated quarks or light liberated gluons or both.

Since light liberated quarks have almost a 100$ branching ratio to

32)

decay into either plus mesons, one needs pair production of

quarks of the same order {within roughly a factor '' of 2) as that given by

Eq.{25), I.e. {say)

Oqg. X (6-20)ub , (2T )

to account for the beam-dump data on the basis of quark production only. Such

a cross-section Is incidentally about a factor of 5 lower than that which would

be needed for charm production to account for the data. It i s not in conflict

with the emulsion measurements, since quarks with masses of order 2 to 2,5 GeV
—11 12

we expected to have lifetimes In the range of 10 - 10 sec, which i s

cutside the range of sensitivity of the emulsion measurements. (Quarks,as

mentioned before, are an abundant source of prompt neutrinos. They do not

contribute (under decay pattern II) to prompt charged leptonsi even under

decay pattern I only two out of twelve quarks can give rise to prompt charged

leptons in association with neutrinos.)
-11*-



V V~Pair production of charged colour gluons V V~ and Vy-jjV .̂̂  may

at least partly or entirely be responsible for the excess beam-dump neutrinos.

Since the charged colour gluons each have about a 30$ branching ratio to decay

into tyo-body Ce\) ) and the same branching ratio to decay into tvo-body (uv )

mode, one would need pair production cross-section of charged colour gluons of

trtpp vV) p,K4 Si lOyb to account for the CDHS signal on the basis of Just

charged colour gluon production.

Assuming that l ibera ted cfiarged gluons have masses exceeding about

1.5 GeV, such a cross-sect ion for charged colour-gluon production i s also not

in conf l ic t with the emulsion measurements, since charged colour gluons with

masses 1.5 GeV are expected to have l i fet imes shorter than 10~ sees .

If charged gluons (V V~ + Vv.vJ») are being pair produced with a

cross-section -vlOub, one would expect to observe, taking Clebsch-Gordan

coefficients and symmetrization Into account, pair production of neutral

colour gluons o(pp -+ U+U + tadrons) to be about 2,5ub, which could be seen

through a measurement3 ' of o(pp •* (e~e+) or {p~u+) + X). (The expected

branching ratio of U •* e~e or u~u+ is about 10~ .)

As a general remark we observe that pair production of quarks and/or

.charged gluons would inevitably generate an equal number of neutrinos and anti-

neutrinos (tr(ve,v ) a(v ,\f }) . ( in the forward d i rec t ion , there may s t i l l

be a preference for neutrinos over ant ineutr inos, since the incoming protons

bring in fast quarks rather than antiquarks.) By cont ras t , nucleon dissociat ion

into three quarks, when i t occurs, would in general lead(wlthin the

AF =* 0 t rans i t ions) to an excess of neutrinos over ant ineut r inos .

As an addi t ional remark, i t i s important to note that should l ibera ted

quarks and gluons be needed to account for the observed beam-dump s ignal , i t

would be more than l ike ly that they are r e l a t ive ly l ight with masses perhaps

4 2 to 3 GeV, rather than heavy. As mentioned before, l iberated quarks and

gluons with heavier masses %, k GeV a re , of course, logical ly feas ib le . They

•would be pa i r produced a t PETRA and PEP; but assuming the familiar theore t ica l
39)

models for p a r t i c l e production, i t appears that pair production of such

heavy objects by hadronic co l l i s ions a t ISR and Fermilab energies would be too

lov ( « lub) to explain the observed s ignal .

To conclude, l igh t l iberated quarks with l ifet imes in the range

10" 1 1 - 10"1 2 sees and charged gluons with l i fe t imes 3 T ' •£ 1Q"1 sees with

production cross-sections a t ISR and Fermilab energies perhaps a t the level

-15-

of the beam-dump signal lub, say) should be visible in aa - and q

combined emulsion bubbj.e chamber experiment. Calorlmetric measurements for

e"e annihilation at SLAC-DQRIS as veil as at PETRA and FEP should shov an

excess of missing energy and momentum (.<•» 25-30^) if quark and gluon pairs

are liberated rather than confined. Last, but not least, the neutral gluon (U)

should shov itself in pp -» e e + X measurements ,photoproduction experiments

as veil as In e*e annihilation as a relatively narrow resonance. If U is

relatively light ' (m^ « l , l to 1,8 GeV), it should be seen in a scanning

search at Frasc&ti, Novosibirsk ana Orsay laboratories, Decay modes for U

are given in Refs. 37 and kO.

These measurements as well as improvements in the beam-dump

measurements and especially in the charm production measurements, should help

establish or exclude the hypothesis of light liberated quarks and gluons.

If there is a distinction between prompt v 's versus v 's, to our knowledge

it can only be ascribed to quark decays irrespective of whether quarks are

produced in qq pairs or by dissociation. (Dissociation of nucleon into •

three quarks would have the added signature that it would lead to excess of

neutrinos over antineutrinos within iF = 0 transitions.) Measurements at

PETRA ana PEP involving the search for U as well as mi3slng energy would

be especially suitable to test the hypothesis of heavy liberated quarks and

gluons,

37)

At the end, a clear experimental choice between the two alternatives -

liberation be i t with light (m 4 2 to 3 GeV) or relatively heavy

(m « It to 10 GeV and nu, ~ 10 GeV) quarks and gluons versus confinement -

is of fundamental importance. Both appear to arise as allowed alternatives

within the more fundamental postulate of unification of quarks and leptons

and of their forces.

We thank Professors D.C. Cundy, F. Dydak, E. Fiorinl, G. Hyatt and

G.A. Snow for several helpful discussions.
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