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ABSTRACT

The impiication of the rates of (fie} and (ep) events cbserved at SLAC
apd DORIS on w choice between two alternative gquark decay petiterns are noted.
If Jets produced in e”et anninilation contain liberated quarks, decaying
predominantly into neutrinos + mesons, we would expect some 20-30% of energy
to be carried awvay by neutrinos in calorimetric measurements, compared with

#212% in case the quarks are confined, 1‘=e.ir production of quarks and gluons
by hedrons could provide an sbundant source of prompt neytrinos, Whether
such a gource,unavailable within confined QCD,is needed to account for the
retently reported beam-dump resultz cén be decided unsmbiguously once
measurements of charm productlon uré ecarried out sdequetely.

wle

I. INTRODUCTION

1} in e*e” amninileticn displaying a
predominant (1 + coaee) distrivution offers credence to the hypethesls of a

The discovery of Jjet phenomenon

production of point-like spin-1/2 neive querk partons. But it algo reises an
important gquestion: are these quarks liberated - décaying as physical particles
into leptons and hadrons {with a viclation of baryon number 2)) or are they
confined 3?  an appraisel of this question im also motivated by the recent

L) reportediy exhibiting & production of
neutrinos from e new source &t a rate perhaps an order of magnitude higher

than expected.

resylta of the besm—dump experiments

It bas been stressed within the context of a unified gauge theory
that depending upon the pattern of spontaneous symmetry breaking, the theory
in general permits 2)+3)
and fractionsl, F¥For the former, colour SU(3) asIlocal symmetry is softly
broken, and the cetet of gluons acquire physical masses (in the favoured
model A 1 to 10 GeV). Also baryon 6) {B) and lepton oumbers (L) and possibly
also the fermion numbers (F = B + L) are violated, the quarks thereby becoming
unstable against decays into leptons 2). For instance, wilth fermion-number

conservation (AF = 0), but baryon and lepton-number violation (AB = -AL # 0),

of two possible solutions for quuark charges: integral

quarks acquire decay modes 4 &8

q + v + mesons . (1)

"1 to 10712 gec  for

m, % 2-3 CeV and decrease &s m;3 for larger passes. Resal pair production
of such unstable spin-1/2 integer-charge quarks followed by thelr decays into

missing neutrinos plus normal hadrons {7's, K's and n's} provide the simplest
explanation of the observed hadronic Jets and gimultanecusly of the fact

that only integer but no fractional charges are geen in the Jets. There 1is,
9)

The associated lifetimes are in the renge ~10

in short,no need in this pieture of absolute confinement of quarks and

glucns.

For the alternative fractiopal quark charges, colour SU(3) as a locsl

- aymmetry remains unbroken and the octet of gluong remeins massless. Sioce

no fractional charges or massless gluons are seen, it must be sssumed that if
the primary production is thet of quark partons, thepe partons quickly
lose their energy By shedding ='s, K's, n'a ete. and then vithl:;ut any
disturbence to the jet-like tendency, themaselves, recombine into colour-
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singlet badrons, through the leng-renge confining force which they experlence.

The two theories mentioned above (integer versus fractional charge querks with
apin-one gluons) both rely on guantum chromodynemics (QCD) to generste the
effective strong interactions. Both enjoy esymptotic freedom at least in the

10}

temperary sense 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 "eonfined QCD". respectively.

It is important toc distinguish experimentally between these two
alterngtives. With this end in view, we first review in this paper the
alternative decay patterns allowed for quark decays within the flavour-celour
aymmetric unified theory of quarks and leptons 2) . We remark that &epending

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

versus gluons, there are essentially two alternative patterns for gquark decsys 11

I) Either all twelve quarke 12) (p,n,]\,c with red, yellow and blue
colours) decay primarily {(directly or sequentially) into neutrinocs

plus mesons (®,Ksn,...etc) without emitting charged leptons (see (1)),

or
two

IT) the elght yellow and blue quarks es well &s the/neutral red quarks

ged) decay as irn I , but the two cherged red quarks

(nred and lred

charged gluons in turn decay into {ev}, (uv) or hadrons

Q
(pred and ¢

) can decay into charged gluons plus neutrings; the

(Il— s l-)red > ¥V o+ v

L’(Ev) s {uv) shadrons (2)

Needlesg to say, the second decay pattern could srise only provided the charged
red ¢guarks are heavier than the charged gluons.

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

have & physical mass 13) my % 1.B-2 Gev, ii) their electromegnetic form

fhctors 14}
slowly varying, the decay pattern II could lead 8) to {ey) events

(e"e+ -+ e'tu¥ + missing momentum) of the type observed at SLAC and Doris
through real pair preduction apd subsequent decay of charged red querks. We
remark that this particuler interpretation of the (ep) events,though consistent

with the ¢bserved lepton—momentum-specirum 16) and the energy dependence of the

in the SPEAR energy renge is of order unity,and i11) +they sre

15)

{en) crcosas-section, appears to be in conflict with the recently reported

rates of {ep) events together with those of {ey} events.

-3-
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This in turn hes the following implications for the hypothesis of
liberted QCD:

Either a} liberated querks and gluons are relatively light (i.e.
mg ~ 2 to 3 GeV for psm,r,c flavours), but the decay pattern I rather
than IT helds. In this case 2ll twelve quarks are decaying primsrily
intc neutrinos + mesqns m .

Alternatively,
b) liberated quarks are relatively heavy (mq~ L to 10 Gev}). In
this case either decay pattern I or II is permissible. Such medium
heavy quarks as well as gluens would be pair produced at PETRA and
PEP and by high-energy pp and Ppr machines which are being planned.

Using either quark decay pattera I or II, we spf:ll out & distinct
signature of liberated QCD for high-energy e'e+ experiments involving
ealorimetric measurements. Such measurements should show &n excessive energy
loss of order 24-30% for 1iberated aCD{assuming gquark electromegnetic form
factors are neerly unity}. Such & loss owes its origip primerily to energy
being carried eway by neutrinos arising from pair production and deceys of
libernted quarks. Confined QCD would give rige to an energy loss of only
about 12%.

At the end we remark briefly on the role which liberated quarks and
gluons mey conceivably play in providing &n explanaticn of the perhaps excess

neutrines observed in bheam-dump experiments.

IT1. QUARK DECAY PATTERNS

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

8)'1;) . Here we list these and draw

theory have been presented earlier
attention to some of their salient features. Basicelly the following patterns

emerge 18} subject to the agssumption of fermion-number conservation {AF = 0);

yellow,blue ~ ‘e ” {mamy0sa)

Q F Py
- \;u + (_K'K-l....)

o]

J\yellmr.hlue TVt (nads---)

vt (B, k")

i
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+ *
yellow,hlue * Ve ¥ (DyD*, ...

> oyt (F,F*, . ..)
Q

+
kyellow.blue + 1 (perhaps deminant}
v, or v, + {mesons)
e ¥
(3)
4] Q o 0
n -+ + ir .
yeliow,blue  Fred Y[ m(n}reuw.blu e) > m(pre d) i
domin!.nt] .
{4)
(In all decays above strangeness is to be conserved, with either v, or v,
being strange 18) )
Reutrsl red quark decays
Allowed if
0 0 0 0 )
p1:'1:41 - l‘yellm.',blu.e Y (mcpred} > ’n(nyellow.blue) i dominant)
«b'_ vu + % (*]
0 ]
+
®red " *yellow,blue ¥
l-‘_;v + mesons (5)
{In the decays above strangendss is not conserved,)
Charged red quark decays
1) mred'myellow < m'rr
(RTd ) g *V + v (mla,.q) > m\f')
ey, uv, ladrons
Breq * (A OF p or m) + v, (% .
- - k" (6)
‘rea * (KK ) + \’].| (*)
(In these decays strangeness Is conserved.)
11) Bred ~ Cyellow ~ “x
- Q -
%rea * Yyellow,blue T " (dominant)
v + mesons . (7

(*) Aallowed for [su(s) 1 theory 19)

L}
sU(2); = sU(2)p x SUM) .. -5

y but not for the basic model besed on

We thus see that under &ll circumgtances the eight yeliow and hlue
quarks as well as the two neutral red guarks decay intc neutrinos + mesons.
The two charged red quarks would decay sequentially into charged leptons ir
m(q:_ed) > = and simultanesusly m(qred) - m(lellw) sm, . If elther
of these twe conditions sme not satisfied, even the two charged red quarks

would decay into neutrinos + mesons. Their 1lifetime in all cases would
still 1ie in the range of about 10T ta 1072 gec (if m_ ~ 2-3 GeV). It

would be sbout &n order of magnitude shorter (10-12- 10712 gecs) if quarks

are about twice as heavy,

Thus quark decey modes, for practical consideretions, may be classified
into two basic alternative petterns a8 mentioned in the intreoduction:

I) Either mlq__.) < mV' or m(q;ed)" m(qyellmr,blua) > o,

In this case all quarks decay directly or sequentially into
(reutrinos + mesons)} without emitting eharged leptons

q + v + mesons (8)

IT} Alternetively, m(q;ea) >m and m(q;ed) - m({:1_5,(31].‘__’_‘r 'blue) <m
v‘ L]

In this cese all except the two charged red quarks decay as
ebove. The charged red quarks cen decay sequentisally into
charged leptons

qred > L"‘ v
ey, uv or hedrons . (98)

In sddition they may alsc decay (assuming thet the urderlying
symmetry 1s at least as big as [SU(h)]h) into {neutrinos +

mesong) (see (6)),

Upg * v+ oy &) or 7 oete.) . (o)

The followlng features are now worth noting:

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

This is a ¢onsequence of fermion-number conservation 20) (AP = O}.

—6m



b) Preferential emission of neytrinos rether than charged leptons:

The most characteristic feature of guark deceys is that they predominently

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

At best, only two out of the twelve quarks {p,n,i,c) y 1.e.

red,yellow,blue
may decay vim a two-atep procesa emitting charged leptons

Pred red ?
(¢” and ), if the decey pattern IT msterializes. Tn other words, all

and A

twelve quarks (for decay pettern I)and ten out of twelve quarks (for decay
pattern II) decay into neutrinos plus mesone without emitiing aceompanying
charged leptons. Thus peir production of guarks by hadronic collisions would

contribute (for either decay pattern) to prompt neptrinos without 8t the same

time contributing to prompt electrons end muons. This unique property of
querk decay, we stress, cen be used to signal quark-pair production vie beam-

dump experimepts (see remarks later). To our knowledge no other "hadron"
exhibits this atrong preference for emitting neutrinos rather than charged
leptons,

e) \)e/\))i - Ratioc in hmdronic collisicns: TFollowing decay pattern T [or II),

we gee thet the sum of branching ratics for quarks to decay into Vg and v
ig unity: B{gq + ue) + B{q + vu) = 1., The ratioc [B{g + ve}/B(q_ + uu)] averaged
over all quarks is in general expected to differ from unity. This is partly
due to the fact that ve’s may be emitted in association with (m,o) particles
and uu's in assoclation with heavier (K,K*) partieles for the case of (ve,e)
being non-strange (see list of gquark decay modes). Even within the decay
pattern I, the ratio B(ve)/B(uu) depends quite senaitively, however, on the
relative masses of red versus yellow versus blue quarks. After exesmining
different alternatives we find that the ratio mey vary quite emslly between
®2,5 te 1/2.5. To see this, mssume that quarks of {p,n,A} flavours of all
three colours are produced equslly (in pmirs) in hadronic collisions sand that
charm-quark production in comperison is negligible due to thelr heavier mAsges.

- Q o]
Now consider tge following three cases: Cage 1: mip,4) > m(nyellow) and
- - . s 0 .
[m(nred) m(nyellow)] >om Lase 2: II"L(plz-ed) > (nyellow)' but

- 0 -
[m(nred) -m(nyellow)] < oy with m(qred) < mv_ i and Cage 3:

2e g 1owbine) T Mgt Bt [mlayerigy vape) < mla )T < m with

m(q;ed) < mv__ .

The major differences between the decay patterns for these three cases
mBy be seen by using the list given above. For exsmple, consider (ase 1 versus

cese 3.  For (ase 1, pge +y) with n?

0
would decay into (n yellow

d yellow

-T=

decaying into (ue + 7 ete) or (v“ + K ete). For Case 3, on the other hand,

0
Pred
would decay into (vu + K).

would decay {see 1ist) inte vt n's , so also would n;ed, while Al
Taking this sort of differences into account &nd algo allowing for
some phase space difference between (w,p) versus (XK,K*) associated modes,

we estimate
B{Ve)/B(vu) =z (2 %02.,5), 1 eand (1/2 to 1/2.5)

for Cages 1,2 and 3, respectively. The above numbers correspond to averages
over (pyn,A) flavours of all three colours, Thus we see that B(ve) may have
a value roughly between TO tc 30% mnd correspondingly B(\au) between 30 to TO%.

's

The lmpertant remark is that eny significant asymmetry between prompt Vo

versus uu's , to_our knowledge, can only be ascribed to production of deceying

quarks,

a) The rates of SLAC-DESY (Jie) end (ep) events and & choice between the
decay Eﬁtterns I and IT (for light libersted querks): It has been remarked
before »11 that both (jie) and (ep)} events of the type discovered at SLAC
and DESY 15} may have thelr origin in the pair preduction and subsequent
decay of light 21} liberated charged red quarks provided that the quarks decay

vie pattern JI rather than I. The sequence of events in this case would be

ag follows:

“ot - + =
e’ >, Lpeq (g=1n and })
Vv v
L By l—v *
eV, u \Ju . (10)
a (g =nand A)

|

Vv
Le_ﬁ .
e

15)
Te date,with improved measurements, = the above interpretation of the

-+ - +

&8 Tdpag * e
l+
o}

{11}

{ay) events still appears to be consistent with a) the lepton-momentum

22)'23), b} the rate and energy dependence of the (Te) events by

8-

spectrum

L]
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themselves,and ¢) the lack of significant semileptonic(fe) events. We now
argue that the recently reported rate of (ep) events(and in genewel of (e +
hadron) events) together with the rate of leptenie (eu) events, however,
seems t0 be incompatible with the quark interpretation for these events.
Thls mey be seen as follows.

The rates of (ou') and {e7o¥) events arising through (10) snd (11)
may be represented by the corresponding R paremeters. These are given by:

R{ep ) (qu) [BW [B{V + ev)] [B(V + uv)] » (12}
-+
R{ep )qu = (qu) (8,1 [B(V > ev)] [pr] . {13)

Hers R denotes the contribution of the sum of (n_

+
recl red) and

(i:ed red) pair productions to the R parameter. Within the gauge theory
approatch 2k) R ® (—)Iquv(s)l2 s vhere quT() is the quark electromegnetic
form factor. BW and B denote the branching ratics for charged red

quarks to decay into (cbu'ged gluons + neutrinos) amd (p* + v), respectively,
vhile B(V + ev) is the Lranching ratio for charged gluons to decay into
electrona plus neutrinos. From (12) and (13)

Rleo’) = B
_—g9d4 - .(__L (1k)
R(e_u+) - BW) BV + w) '

aq

A fraction (g one third} of the e'u+ events qould alsoc arise 8) from the
pair producticon snd subseguent decay of charged gluons 25) . Inelusion of
this contribution does not in eny way alter our comelusion 26) . For
simplieity of wrlting let us therefore ignore this contribution. We may then
evaluate the right side of (1k) by equating the same with the observed ratio
of (e.p+) versus (e'u+) events, The latter may be deduced from the quoted
experimental branching ratios for the presumed heavy lepton orlgin for the
events.  Using 15) Bl =+ €9, v.) = 0.18  0.02 end 21)
0.24 % 0,09, we obtain

+ +
B(t »p v_r) =

Rle ") 0.24
R(e—u+) e Fﬁﬁ% ~ (1.3 % 0.T) . (15)
obs

th 1
Equa.tingﬁignt sides of {14) and (15) and using B(V + wi! % 3 (see Refs.8 and
11}, we obtain iy

[pr/Bvu] # 043 1 0.23 . (16)

Including other semileptonie decay modes of charged red quarks, 1.e. (Alv),
15),2T) of a-at
e Al y
- + -+
e (31) 5, e m events, one may conservatively deduce that the totsl semi-
leptonie brenching ratic 9f charged red quarks

Bhu = E B(q;ed * h+v)

h+ = Phqlﬂ"".r (317);.---

+
f3r)'v ,» (r'v) modes in sccordance with the observed retes

(where h Ileo ww. inuiude vhe gluon), 18 &L .c@s. U5 n.gner Lhan pr .
Using Bh 2 (1. 3)3 s £q.{16)} and the sum rule Bhu + BD\J = 1, we may

now deduce

By, € 0.7 . (am

Thus, in order to account for the observed rate of (e h ) eventa (where

wt = p%, (3n)?, AL n*  ete) relative to that of the (e y’) events, we need
to assume that the glucnle branching ratis Bv of chnrged red quarks must
be less than about TOX. On the other hand, using L .,( 7 (with
[qu,(aﬂe # 1), 1t is emsy to see (see Ref.B) that one needa the glucnic
brenching ratio B, to exceedllbout 90% in order that the bulk ( x 2/3) of
the e'u+ events may be attributed to palr production and subsequent decay
of charged red quarks. This is the incompatibility which we referred to

earlier., From this we may draw two Important inferencea:

i} A large fraction of the (Ve) and the (ep) events,which cannot be
attributed to charm-particle decays,are in all likelihood due tc pair
producticn and decays of h ivy leptons. So far, this conclusion had been
drawn by several authors without, however, adegquate reasons.

ii) If gquarks and gluons carrying integer charges are libersted and
have relatively light sical magsen (m ' oy £ 2 to 3 GeV), then all tyelve
of them including the charged red quarks (nn‘1 and xr ), must We decaying
into neutrines plus mesons (n.p.?,‘.K‘.n, ete.) without emitting charged
leptogs. In skort, decey pettern I rather than IT must epply if quarks are

liberat':ed and are relatively light. Thie would be the case, as noted before,

=10~



as long as at leest one of the two conditions: a) m( ) ~af R
4 28] Yred qyellow

™
) m(q_red) < m(V") 1is satisfied. In the subsequent discussion we

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

11ght liberated quarks. 22’

There is of course the 2lternative that liberated quarks and gluons
are medium heavy with their physical masses in the range of 4 to 10 GeV for
quarks and perheps 8 to 10 GeV for gluons. These would be produced only &t
PETRA and PTP energies.

IIT. CALORIMETRIC MEASUREMENTS FOR e e -+ HADRONS

With liberated QCD, assuming that liberated guarks have physical
messes ~ 2 to 3 GeV, we wuld expect a significent fraction p (s) (3 %) of
the total e"e' hadronic annihilstion st SPEAR energies to invglve real
qf preduction. Here ¢ (s) denctes the square of the quark electromegnetic
form factor lh). Sinceqlight liberated quarks decay entirely into neutrinos
plus mesons (see Sec.II),.we would therefore expect that & sizeadle fraction
k of the total centre-of-mass energy will be cerried away by neutrinos.
Now, meking the plausible assumption that quark decays into v + mesons
oceur primeriiy via two-,three-and four-body channels with roughly equel
probabilities (so that on the avereage nearly cne third of the auark energy
ig carried away by neutrincs), we estimate that safficiently above the threshold
for quark-pair production a fraction

quarks 10 1,
K RCHEY (3) /R

10 .
=~ Dq(s) ('—9) ) NDq(s) (25%) , (16)

- the
of the total e e centre-of-mass energy going into‘( so=-called hadronic channel 30)

would be garried away by missing neutrinos arising from just guark decays.
Here (10/3) pq(s) represents the total contribution of (p,n,i,c) quark pair
produstion to R, pq(s) being the squere of the quark electromagnetic form

factor. We bhave set Rtotal % 4.5,

11~

L]

There would In eddition be missing energy due to

a) pair production and decays of charged gluons (V+‘v'-),which contri-
wute (1/8) pv(s) to R where pv(s) denotes the square of the gluon electro-—

’

magnetic form factor;

b) peir production and decays of chearmed mesons; these would contribute
{1-p(s)) (4/3) to R, corresponding to nesrly a fraction {l-p(s)) of charmed

querk-parton pairs recombining to form charmed mesons, and

¢) pair production and decays of heavy leptons,which contribute one

unit to R. "

Since charged gluons decay into (ev) and (pv) with nearly 30% {or 1/3)} '
branching ratic for each mode and that neutrinos from two-body decays would ‘

carry nearly 50% of parent energy, we expect

Laen o pyls) (%) (%) (%—)/Rtotal % oyls) (%) - (19)

For charmed perticlesstaking & (e+u) leptonic branching ratio & 20%
and the fraction of clermed particle energy cerried away on the average by

neutrinos to be nearly [30%), we estimate

SPET (1 (0)) () (208) (30)/R ., )

% (l-pq(S)) (2%) {20)

Likewise, taking into account the known 15)

as well as some theoretically
31} - -

celeylated ‘brenching ratios for (v_fe ve). (vTu vu), (u_rp), (u_rﬂl),

(v_[w) and (uT + multimeson) modes for heavy lepton decays, we eatimate that

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

(ue or vu) is nearly 40-50%. From this we estimate

heavy lepton
5 = (1) (b0-508) /Ry gy

10% .

Fed

4y

{21)

Adding (18), (19), (20) and (21), the net fraction of e e’ centre-of mass ‘-
energy going into channels other than e e  and u—u+, which would be carried
awsy by missing neutrinos ("e' vu'vi‘}' for liverated QCD, iz estimated to be

19—
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T quarks Tuons charm heavy lepton
“l1bersted - * + oF tr re

% ol (25%) + oy(s] (B} + Q1 (s} {27}

+ (10%) . (22)
Taking 14) pq'v('ﬂ) s (1/2 to 4/5) at SPEAR energies we estimate
K iperated ¥ (2h-30%) . (23)

For confined QCD, .the corresponding fraction may be estimated from
abave by slaply setting pq V(s) = 0 {this amounts to saying that for confined
]
QCD quark pair partons recombine one bundred percent of the time to form

normal hadrons and are pever liberated as physical particles). Thus we estimate

Fconfined 12% ! (24)
In other words, liberated QCD is expected to yield missing energy, which is
about twice sap large as that expected of confined QCD. A measurement of
total missing energy (and momentum) through calorimetric measurements in-
volving detectors covering ss much of the U7 50114 angle as possible should
thus help provide a clear distinction between confired and liberated QCD.

Suth & test at SPEAR energles would help establish or eliminate the hypothesis
of light libersted guarks, while such measurements et PETRA and PEP energles
would do the same for medium heavy or hesavy liberated quarks (mq % L-10 gev).

Iv. BEAM-DUMP EXPERIMERTS

Finelly we comment on the possible role which liberated quarks end
)

neutrinos (\)e, Ve Ge.'v'u's) being produced in the LCO GeV proton induced

beem~dump experimenta.

gluons may play in acecunting for the recently reported apparently excess

Firat of all the neutrinos produced in the dump appesar to be in exceas
of those expected from = eand K, which would decay in the dump. This excess
translated into a total croes-section Tnew for produetion of = new particle
"N* in p+p multiplied by the branching ratio B(ve) of N to decay imto v,

appears to yleld 4) {subject to certain assumptions about xF dependence and

average p, for the producticn of N) 13

To * Blv,) & 3-2ahm . (5)

The lower velueis given by the CDHS and the higher by the hubble chamber groups 32}

If the new particle ts charm, taking B(ve} # 10% for charm partiele decays, it
appears that one would need
0-2
Oupary * (30-200}1b {26)
to seeount for the obsez;ved.b_data. This iz &t least a factor of 20 higher then
the upper limit of 1.5ub given by emulsion expériments 33) for the production

of charm particles by tH® 300 GeV proton beam ypder the essumption thet charm
particles have lifetimes in the renge 102 - 3017 seq.

Until the experimental numbers - involﬂng charm production
measurements {especially their semsitivity towards different lifetime
assumptions) &s well 88 beam-dump meSsurements settle, it &ppears premature
tc  coneclude that charm production cannct sccount for the excess beam—dump

neutrinos, However, if the discrepancy turns cut to be real, we '

wish to stress that it would be a strong sigmsture for a source of neutrincs

unexpected within confined QCD 3

We now remark that the excess neutrincs of the sort observed can in
fact quite naturally be sscribed to pair preduction mpd subsequent decays of
elther light liherated quarks or light liberated gluons or both.

Since light liverated quarks have almost a 100% brenching ratio to
decay into either Vg OF uu plus mescns, one needs pair production of
quarks of the seme order {within roughly & fsctor 3°) of 2) as that given by
Ea.{25), i.e. {smy)

Z uﬁz(S-ao)ub , ©r)
q

to acecount for the beam-dump data on the basls of quark production only. Such
a creoss—section is inecidentally about a factor of § lower than thet which would
be needed for chermproduction to account for the data. It is not in conflict
with the emulsicn measurements, since quarks with masases of order 2 to 2.5 GeV
&re expected to have lifetimes in the range of 10-11 - 10_12 sec, which is
cutside the renge of sensitivity of the emulsion measurements. (Quarks,as
mentioned before, are an abundant source of prompt neutrinos. They do neot
contribute (under decay pattern I1} to prompt charged leptons; 3 even under
decey pattern I only two out of twelve quarks can give rise to prompt charged

leptons in assceiation with neutrines.)
wlle




Pair production of charged colour gluons ngg and V;ﬁvé* may alsc
at least partly or entirely be responsible for the excess beam-dump neutrines.
Since the charged coleur gluons each have ahout & 30% branching ratio to decay
into two-body (e\ae) and the same branching ratio to decay into two-~body (pvu)
made, one would need pailr production cross-gection of charged colour gluona of
clpp ~ V+V-)p,K* % l0ub - to mccount for the (DHS signal on the basis of Just

charged ¢olour glucn production.

Assuming that liberated charged gluons have masses exceeding about
1.5 Gev, zuch & c¢rosg=-section for cherged colour-gluon preduction is also not

in confliet with the emulsion measurements, aince charged colour glucns with

3T -1y

mhages 7 1.5 GeV are experted to have lifetimes shorter than 10 secs.

If charged gluons (V;V‘: + VI:*VIZ*) are being peir produced with &

crosg=-gection ~10pb, one would expect to observe, taking Clebsch-Cordan
coefficients and symgetrization into account, pair production of neutral
coleur gluons o(pp + t'f+i'f+ tmdrens) to be about 2,51b, which could be seen

38) of o{pp + {e"e) or (0 w*) + X).  (The expected

_3.)

through & measurement
3T o ¥ oa emet - *
branching ratic of U-»ee or uou is about 10

As & general remark we observe that palr production of quarks and/or
.charged gluons would inevitably generate an equal number of neutrinos and anti-
neutrinos {o’(ve.uu} = G(Ve.'\Tu)) . {In the forward direction, there may still

be & preference for neutrines over antineutrinos, sinee the incoming protons

bring in fast quarks r&ther than antiquarks.) By contrast, nucleon disscciation

into three gquarks, when it oceurs, would in general lead{within the

AF = 0 transitions) to an excess of neutrinos over antineutrincs,

As an additional remark, it is important to note that should liberated

quarks and gluons be needed to account for the observed beam—dump signsl, it

would be more than likely that they are relatively light with masses perhaps
£2 to 3 GeV, rather than heavy. 4s mentioned before, liberated quarks and
gluons with heavier masses 2 L GeV are, of course, logically feasible. They
would be pair produced at PETRA and PEF; but assuming the famjliar theoretical
medels 39) for particle production, it appears that pair production of such
heavy objects by hadronic collisions at ISR and Fermileb energies would be too
low (<< 1lub} to explmin the observed signal.

To conclude, light liberated quarks with lifetimes in the range
1072 _ 10722 3 g 107 sees witn
produetion crose-sections at ISR end Fermilab energies perhaps &t the level

secs and charged gluons with lifetimes
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of the beap-dump signsl (“qi and qw ¥ 1lyb, say) should be visihle in a
combined emulsicn bublile chamber experiment. (alorimetric measurements for
eet ennihilation at SLAC-DCRIS as well as at PETRA and PEP should show &n
excess of missing energy and momentum { ~ 25-30%) if guark and gluon peirs
are liberated rather then confined. Iast, but not lesst, the neutral gluon {ff)
should show itself in pp - e-e+ + X measurements,photoproduction experiments
as wall a5 in e’ annihilation ag & relstively nerrow regonance, If T is
relatively light 31) (mU ~ 1.1 to 1.8 GeV), it should be seen in a scanning
search at Frascati, Novosibirsk and Orsay labormtories. Decay modes for ﬁ

ere given in Refs. 37 and 40.

These measurements 4s well &s Iimprovements in the besm-dump
measuranents and especially in the charm production meesurements. should help
establish or exclude the hypothesis of 1ight liberated gquarks and gluons.

If there is & distinetion biyeen prompt ve'

5 versus vu‘s. to our knowledge
it can only be ascribed to quark decays irrespective of whether gquerks are
produced in qq peirs or by dissociation. (Dissceiation of nucleon into -
three quarks would have the sdded signature that it would lead to excess of
neuvtrinos over antineutrinos within AF = O transitions.} Me&surements at
PETRA and PEP involving the gearch for ki as well ag missing energy would
be especially suitable to test the hypotheais of heavy liberated quarks and

gluons,

At the end, 8 clear experimentsl choice between the fwo alternatives -
liberation be it with light (mq.v_-g 2 tc 3 GeV) or relatively heavy
(qu 4 te 10 GeV end n ~10 GeV) quarks and glucns versus confinement -
is of fundamental Iimportance. Both aphear to arise as alliowed alternatives
within the more fundamental postulate 2) of unification of quarks and leptons

and of their ferces,

We thank Professors D.(. Cundy, F. Dydak, E. Florini, G. Myatt and
G.A. Snow for several helpful discussions.
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Calculations of quark electromagnetic form factor have been carried

out in the framework of QCD permitting a mass for the gluon, by

J. Carrazone, E. Poggio and H. Quinn, Phys. Rev. Dll, 2286 (1975).

Using these results for timelike region we estimate guark electromagnetic
form factor to be 2 0.7 to 0.9 in the SPEAR energy range. (Note that
for the case of liberated QCD, quark pair as well as two- and three-
gluon intermediate states would contribute to quark electromegnetic form
factor. ) We emphasise that the estimate of quark electromagnetic form
factor is & crucial factor for most of the conclusions (including the
interpretation of the Je events) drawm in this paper. Any substantial
devietion from this estimate for yet unexpected circumstances would

naturally alter the conclusions.

M.L. Perl et al., Phys. Rev. Letters 35 , 1489 (1975).

For & gocd review of the experimentel status covering SPEAR and DORIS
experiments see M.L. Perl, Proceedings of the 1977 Photon-Lepton
Symposium, held at Hamburg, Fed. Rep. Germany (p.159).

See remarks later,

Or else, the querk electromagnetic form factor is substantially lower

then unity in the SPEAR range {see Ref.lh).

The decay modes exhibited in the text correspond to the choice thet

If e and u are interchenged, ve and

e and 1y represent two distinct

u is the strange lepton.
v  would #lso be interchanged, Tf
u

ecolours, the distinction between v versus v, in querk decay

modes would in general disappear.

J.C. Pati and Abdus Selam, third paper in Ref.2.

With fermion number violation (AF = 2,4}, mpti-neutrinos would arise
from quark decays as well in addition to a proporticn of decays
q + qgq, where the quark turns into a hadron. We are not teking

these into sccount in this note.

By "light liberated guarks" we shall mean liberated querks with
physical messes 2 to 3 GeV (for p end n flavours).

Lepton-momentum spec¢trum for {We) events arisging from quark decay
{see (10)) has been calculated by B. Keyser, J.C. Pati, S. Sakekibaras
and G. Zorn (unpublished). The spectrum coincides with heavy lepton
spectrum for_lepton momentum 2,800 MeV/c for & mass of the gluon

& 1.3 Gev nt_ By = 4.8 cev,
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Needless to say, pair production of heavy leptons would have too low
a croge-section to account for the dats. Pair production of new
flavour particles (for example, invelving bottom flavours}, which are
signifiqantly hesvier-than ¢charn particles, would presumably be much
lower than charm pair production and thus would not be relevant to
the besm—dump data. ‘

In Sec.II, we have disomssed that ‘.B(ve) nay vary between (70-30)% 39}
with B(ue) + B(vu) = 1, Thus for guidance, we take B(ue) s B(uu)u

~ 50’. hO)

Thias is, of course, not in conflie¢t with the fact that prompt charged
lepton production is comparable {within a fector ~ 3) to prompt

neutrine production (&g revealed by beam-dump data}, since the former
may arise from sources such as (on.mo.q;o..r/vp). whieh &0 not comtribute

toc prompt neutrinos.

See J.C. Pati, J. Sucher and C.H. Woo, Phys. Rev. D13, 17 (1977) fer

these calculations. To he precise, one obtains:

D(V})Vea) = [oos™(b+4), 8n(ore)] (£2/4m)™ (3 x 103 see™) (m/ 1 cev)?,

wvhere ¢ and ¢ dénote Crbibho-like rotations in (p,n) and

{e¢s)) spaces, respectively, with (o-¢]) heing the cbeerved Cabibheo angle.
The quantity (faﬂm) is the "strong" colour gluon coupling constant

at the colour gluon mAss (thus {_fz/hfr) I %to 1). Here denctes
glucn mass., Thus for sinz(e-i-qa) » cosz(9+¢) P ' (f2/111r) 2 1 and

m, = 1,5 GeV, we obtain r(v;.vg,) 2 {1.2) » 1014 gec, wWote the rapid
decreage in lifetime with increase in e Note also the intriguing
possibility; 1f sin (6+4) £ 107> with cos-(8+4) x 1, ome of the charged
colour gluons (v:c,) will nave & "long" lifetime 3,10'12 sec,while the

ather (V;) will have "short” lifetime < 1071% sec. Both v; and V+‘

K
would, even In this case, have heen missed by the emulsion mefsurements.
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(especially for the mass region aroupd 1.5 GeV), Note that producticn
of ¥ ocan be somewhat higher for L0Q GeV protons {(relevent for beam-
dump experiments) thsn for 150 GeV protons. If guarks as well as
charged colour gluons are responsible for the observed signal in beeam=
dump experiments, then i gluon production need not be as large as

2.5 Wb,

See a recent review by N. Craigle, Imperiml College, Iondcn, preprint
(1978), to be published in Phys. Reps.

J.C. Pati and Abdus Salam, "Design of future experiments", ICTP,
Trieste, preprint IC/7T/65 (unpublished).

—22..




CURRENT ICTP PREPRINTS AND INTERNAL REPORTS

IC/TT/125 M.Y.M, HASSAN and W, WADIA: Application of Brink's cluster model

to 160, Tc/78/1% * 3.7. GABRAKOV, N,I, PYATOV, M.I. BAZNAT and D,I. SALAMOV: Self-
1C/T8/1 G. ALBERI, M. BRESZYNSKI, T. JAROSZEWICZ and 5. SANTOS: Deuteron INT.KEF,  consistent description of the isospin mixing.
INT.REP. aligrnment and spin structure of nueleon-nuclecn amplitude.

IC/TB/z 3.A, BARAN: The stability of the strong gravity solution.

1¢/78/3 M. SINGER: An SU(3) x U(1) theory of weak-electromagnetic inter- §§£7Sé§1 * R.K. GUPTA and K.V, SUBBARAM: Nuclear fusiom,
actions with charged=-boson mixing. SReTERe

1%7344* AM, POLYAKOV: FPhase transitions and quark confinement. 1¢/78/22 * S.S. AHMAD: The iterative R-matrix method for the acourate calsul=—

INT REP, INT .REP. ation of nuclear rsaction cross-sectiona,

I¢/78/5  A.B, DATZEFF: Classical end quantum trestments of the diffraction Ic/78/23 * A, AMUSA and S.X. SHARMA: On improved variational caloulationa
problem in the case of non-hoRmcgeneous Redis. INT.REP. involving gquasi-degenerate intrinsic Hamiltonlana in the nuoleus 4203.

IC/TS/G IL-TONG CHEON: Phehomanological pion form factor and pionic atoms.

Ic/78/7* B.G, SITHARTH: On the phase shifts for certain classes of
INT .REP. potentials,
Iz/78/25 * B.S. LEE: i ari i
IC/78/8* TL~TONG, CHEON: Tnvestigation of the chbarge exchange process n/T / 5 - 3 Helical ordering in the Jahn~Teller co=—operative phase
L 0 INT REP, transition,
INT REP. MTd—nnn .

1¢/18/9 * V.J. MENON, C. MAHESHWARI and D.C. AGRAWAL: The effect of alectro- 1c/78/2¢ Taae AHMAD:  The spplication of the iterative R-matrix method to the
oI s Co L. ; £
INT ,REP. magnetic structure of heavy ions below the Coulomb barrier = A C(P’P) C reaction,
quantum deseription,

IC/78/10 A, OSMAN: The validity and sccuracy of ssparable potentials in the

three=body caleulations. iC/78/28 * L. SATPATHY and R. NAYAK: On the existence of bound neutral nuolei.
I1C/78/11* 3,0, SIDHARTH: The minimum potentisl strength for the existence INT.R27. '
‘INT.REP, of bound atates. 13/18/29 * Y <. GAUBAIR and R, PARTHASARATEY: Particle hole desoription of

LT i b o 5 3 . in% -

1¢/78/12  ABIUS SALAM and J, STRATHDEE: Remarks on bigh—enargy etability and © with realistic in%eraction,

renorttalizability of gravity theory.
Ic/78/13 A. FASOLINO, M, PARRINELLO and M.P, TCSI: Static dielactric hehaviour

of charged fluids near freezing.

<. U.D, TOEDNER -2, WERTH: ;

1¢/78/14 * R, PARTHASARATHY: A note on total muon capture rates in o e bunafoq and J,-E, WELTH: Clobal properties of systems gquantized
INT.REP, nucled. U
IC/?S/IS R, PARTHASARATHY and V.N. SRIDHAR: Camma-neutTino angular correlation

in muon capture by 3i,
IC/78/15 * G, FURLAN, N, PAVER and C. VERZEGNASSI: Weak form factors from pion 12/78 * 8.0, LTH . - . .
INT REP. electroproduction st thresbold: A phenomenological approsch. INé.iég? .C. M: Euclidean massive spin-3) field which is Markovian,
I¢/78/17 * B.P,SINCH and I.V.S, RATECRE; Evidence of shell closure at
INT ,REP, ¥~100-114 from the systematics in EE/Ml multipols mixing ratios

of even=even nuclei.
* Internal Reports: Limited disiributicn,
THESE PREPRINTS ARE AVAILABLE FROM THE PUBLICATIONS OFFICE, ICTP, P.O. BOX
586, I~-34100 TRIESTE, ITALY. IT IS NOT NECESSARY TC WRITE TO THE AUTHORS. o

Z3/78/35 * S.P. CNIA: An alternative interpretation of T(9.4).
-i=- T any,

-ij=

*
il




I¢/78/39 * W.h. SAYED: Monopole sclutions for sireong gravity coupled to S0(3)
INT.REP, zeuge fields,

1¢/78/42 r.V., GIAQUINTA, M, PARRINELLO and M,P., TOSI: Polaritonis speotra
of ionic conductors,

1c/78/43 * P, BUDINI: On comformally coveriant spinor squations., (Preliminary
INT.REP. version)

=iiie



L/}

*

*

+



