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It is possible to avoid K + pe-decays without putting the electron

and the muon in different fenyionic multiplets, if we introdoce an cxtended
Bauge Eroup Jas follows.

Assume that the gauge group is SL‘(IEJL x SL‘(L‘.)R, so that the 1l6-fold
of FL and the 16-fold of Fp in the basic model {see Egq. (A.l}) transform as
(16, 1) and {1, 16} respectively undar this gauge group. (Such a gauge gIoup
would in any case be desirable from thz point of view of couplete unificaticn
of all forces oand would involve only one basic c.oup]_ing constant assuming
that the.theor}‘ possesses left 4—> right-discrete symnetry in the gauge gector,}
Clearly, this extended group can contain the gavge group SU(2)Ly.SU(2)R

x SU(3%) of the basic gauge modei. The important new feature, however,

L+R

is that spomtanecus symmetry breaking may allew the foer sets of Y-—nsriiclize
carrying different valenciss (in trdis cise} to remain unmixed and shiral with
their couplings given by
G = -0 - Q et e -
B - . 4 Is 1
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Y (o ~y fan ~y e (XY (oty v 1
+ f{(Xp)L(Mpb)L + (anL\eJh)L+ (3 uh )y, * (XX)L{v Xy
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+ (L= 1) + h.e. (A.5)




where we assum.e that X, ¥ X ¢ X # XX and the masses of all these parricles
are different. {Note that the valency quant‘um numbers {p, n, A, ¥) of the
fermions and, therefore, of the currents are fixed essentially by the “observed'
weak-interactions. In writing the z2hove we have set the elecrron to be
"non-strange” with its neutrino v "unchiarmed" and the muonlto be "strange"

with its neutrino v' "charsed", althoeghg priori the opposite choize is

equally pernissibie. Wote that ¥q. (A.3) would reduce to Eg. {A.2) if we set
X=X =X o< %

With X # X, {unlike the basic gavge mcdel), the X-interacticns may no
longer induce K - pe~decays. They do nor, of course, induce K » ee or K -+ Lp-
decays, if we assume that both sets of (A,n) and (u,e) are Cabibbo-rotated
with the same angle. (This is analagous to (i,n} and (e, E ) being Cabibbo-
rotated in the same manuer in tke prodigal model.)

Furthermore, with XP ¢+ Xn and Xp # X the X¥-interactions cannot
induce B-decays (n —~ pre + Ge) and K+ -+ u+ + \.“:—decays. ‘ihis again is
in contrast to the basic gauge-model. . -

The major restriction on the strength of Fp~interacticns arises fron
consicerations of the seri~Jeptonie "neutral-current“-processes (invoiving
“uncharmed” peutrinos), i.e. v+ N+ v + H, etc. Now, if the spontaneous

symmet ry=bresking mechanism (which wust preserve SU{3’ 25 2 good symeetry)

A Y
LR

a2t the same tine forces the masses of the ¥~particles to be approximaiely

natl -~ =M F 5 N 1
egqual, i,e. pr MXn lX.A }Ixx, then the fact that the olserved strength
of these "neutral-current"-neutrino-interactions is of order €

Fermi

would imply that.the X-mechanism will mot be relevant for the ohserved
enbancement of electron-hadron-interactions at SPEAR energi'es. We have
not yet investigatoed by an actual c;nstruction of the symmetry-brezking
terms if this is indeed the case. TDut even if it is, there still remains

ane ipnreresting exception, which we mentien below.

Assume that the XL'S and the X'RS, which are ceupled to left-and righe-
hand:d curvents respectively, are esigen states of the mass matrix (rather
thzn their linear combinitiocins) and that it is the X.'S§, which are light

o

and relevant for the enhaiced electrun—hadron-interaction with

-

Hx'[_, >> HXR h
In this case, one sheuld expect enheznced “diagonal-interactions of oniy the
right-handed neutrinos pnd leftshanded anti-neutrinos withk hadrcns; but the
interactions of hadrons with left-handed neutriros and ri.ghl.-handef' anti-

neutrinos (which the bacic model contains and which on account of the assumed
chirali:yal of the interactions in the present case can also be messiess)
would still bhe suppressed. As far as one knows, experimentally, it is at
least permicsible te assume-lth.at the available neutrino-beams 1n tiie laboratery
consist predominanily of neut.rinos._ of the latter variety (i.e. \J]'-.S and \—’1'15)'
Thus the obhserved strength aof order GFemi for reactions of the variety

v o+ N> v+ ) (vhere the neutrirncs are pradominantly \JiS and G“'{S) doas

not exclude the possidility that the effcciive strength of the XR-

medizted interactions is of order (u/50) (Be‘!)"z. One may therefore

attribute the CEA-SPEAL enhancement to the interactions wediated by

these }.'.D—partic]es, which are coapled to the right-handed currents. If
1} 0

this explanation is tv apply, ope would predict (i} large parity wiclation in

e“et » hadrons and other related proceszses at SPEAR-energies (and similarly

for the muon-induced reactions) and (ii) enhanced interactionsg of neutrinas of

the wnfamiliar helicities (di.e. \)}'.LS and GI‘..S) with hadrons at presently avai
energies (even though neuiiinos of the familiar helicities (i.e. VS and v

may Svpteract with a strength of order GFer-m')' This would manifest itseif

in ennanced rates fcz debays of the type n % 4 v t \—JL. [Note that the

neutrines in guestion must bé "uncharmed" (i.e, those which coupla toe the proton-

quarks via X. These way be either \JéS or ‘J&S depending on the details of the

o 4 3
m~-= vp_+uL)

2 T
model. Rough estimates with i—? ~ 1073 Indicate that °
- T+ a%+ 7 +)

may be of order 1-10%, which is about four ordersof maguitude higher than what

would be given by an effective interaction strength of G‘-‘-‘erm?"‘
r b

In summary, the chiral nature of the colour-gauge {nteractions and

the assumption of the distimetions of Xp, )!“, )(A and X, from each cther (somethin
A

which is permissible wirhin the extended gouge struccurz, but not in the basic

gauge-model) leads to a2 nusber of rew cxperimental posesibilities including

3=

s



: these thcoretical problems, 37 DLAL CHPUIITRILS LUVUIL Lol pallly YAUleiiuy
the lowering of the enmergy at which the anomalous electron-hndron imteractions )

effects and alse if both clectron and muoa cxhibit anemalous intaractions
madiated via tha X-particles become effective. Thus iw costrast to the

with radrons at presearly availshle energies, one will have to entertzin
prodigal-rodel’

. this model very seriously.
{1} BEoth the electren and the muon may exhibit anomalous interactions with
FOOTNOIES TO ADDENDUM

bhadrons at present energies with either one ef them being "strange" and
i T 48. A second interesting possibility within this extended gauge

the other "non-strange”. ‘
model is werckh noting. Tt arises even if )LR is wot ligthter tinan

. . . .. h8 : -
(2) With the condition M, >> M, , which provides one likely 't i for Pt
X, M)‘R’ P selution JLL and also even if X~interactions are parity conserving {so that

the model Lo be relevant to SPEAR results in the first place, one should
. (X.L + X.R)/Z- are the eigenstates of the mass matrix). Noting that

expect to see large parity-violation in e~et + hadrons and orher related

only thie "uncharmed" neutripos (which are coupled to the proton-quarks

processes as well as enhebeed interactivns of tha right-handed ("unfamiliaz" . : .
—_— wis AP) cvan exhibit their anomalous interactions with normal hadrons,

helicity) neutrinos permitted by the basic model (either v or v J with " .
e [ 1f the electron-neutrines are "uncharmed” (and therefore the muon-neutrinoes

hadrons, even though the lelt-handed ("femiliar helicity) neutrinos couple - .
are "charued"), the Z-ipteractions can induce reactions of the type

with an effective strength -~ © . The question of parity noun-conservation

Fermi

X
v+ N —E> v_+H, but not of the type v, + X > v, +H. On the other
e

- < - + -4
way be tested by sterting w"th. polarised e and €' beams and looking for tiend, the zvailable neutrino-beams contain primarily muon—neutrinos

' G ) +
. possible <g>. - o 1o i i . P 3
possible <G> ‘p~type correlation (where p is the momentum of a given ovtxtgoing (with less than 2% contamination of electron-neutrines). Thus the cbserved
_hadronj. S : . :

strength of order G for the reactions v + N + v + H can still allow

Fermi

On the theoretical side, one needs to eramine, with this extended :
for the X-induced "giagonal®interactions ¢f electron-neutrinos with hadrons

gauge srructure, wherher an allowed pattern of spontaneous zvismetry

breakingw

to possess aromalcous strength (as large as 5 to 10 times bigger then
with Migps-Fibble multiplets would lead ta the desired solutioms;

even thoush

Gpm.mil- even hicugh o ncutTines way ictersci wiiis halions with nermal

in particular, it mus! Jeave the X—particles of different valencies vnmixed

strength {order G }. A test of this possibility with beans designed

and must ensure the cmergence of a global (or locsl) SU(2') colour symmatry i Fermi
. to contain a large fraction of electrom-neutrinos would be worthwhile.
comnuting with the familiar global SU(3)-symmetry. The model as it ’
. ¥or this pessilbility to be compatible with SPEAR-results, one must of course
stands, possesses Adler-Bell-Jackiw anomalies, the resolution of which (as a . b . 2,2
assume (f‘/mzx } to at least an order of msgnitude bigger than (£ /m :-;p-‘-
long as one assumes a gauge group of the type S5U (n)L ES SU(n')R with n 2 3 would 1t
Also vorth noting is that if X —interactions are parity comserving (i.e.
bave to involve the unattractive introduction of a new set of fermions F' (the p
' (XP + X% }/v’f arz the eigenstates), the anomalous \Je-ini.eractions leadiag
two sets F znd F' must then couple with cpposite chiralities to the same L R
te v, + N> \)e + R should possess, in general, large scalar, psecdo-scalst,
set of gauge bosons and F' would have to be associated with new beavier guarks
veetsT znd axial-vector interactions after Fierz-reshuffling (see
and leptons). Finally, the mode! contains & whole hnst of pew currents, )
Sec. IT;. The presence of scalar and pseudo-scalar terms may be desirahle
which change both colour ae well 2s valency quantum numbers. The corresponding
. if the new Argonnedata om pilon-production in "neutral current"-processes
gauge-mesons are presurzhly super-tienvy znd incffective for the interactions
is sustained (see 5. £dler, to he published). I the effect is confirued,
considercd in this paver in the low and intermediate energy range. Notwithstandiey
one may attribute it in this extended wmodel primarily ¢o Veolor orv

axial-vector-X~induced-neutring interactions [either ‘uL's or v "s).
b= e o x N - . . R ,.A - tra
49, This will te censidered elscwhere in cocllaboration with Bro R. N. Mchape .

-5







)

|

INT-ERNATIONAL'ATOMIC ENERGY AGENCY
UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION

=55
==
ot
f

|

INTERNATIONAL CENTRE FOR THXEORETICAL PHYSICS

MIRAMARE -~ P.O.B. 586 - 34100 TRIESTE (ITALY) - TELEPOONES: 224281/2/8/4/5/6 - CAELE: CENTRATOM
23 September 1974

Ic/7L4/81
ADDENDUM

ANCMATOUS LEPTON-HEADRCN INTERACTIONS AND GAUGE MODELS.

Jogesh C. Pati and  Abdus Salam
ADDEDNDUM

"An explanation of e e —» hadrons starting from the weak
interaction Lagrangian was given by P. Budini and P. Furlan
(ICTP, Trieste, preprint IC/T4/56). The most crucisl prediction
of this model is that the magnitude of the constant cross—section
is derived without introducing new parameters from the hypothesis
that the Yang-Mills gauge fields and the photon are composite
objects generated dynamj.caily by the weak Lagrangisan.
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ABSTRACT

Parameters for ancmalous lepton-hadron interactions (like their
signs, V and A-character and allowed and forbidden nature of certain
transitions) are abstracted from the class of gauge models proposed
earlier by the authors. This information is used to determine the
strength of the anomalous interactions by fitting e-e+—annihila$ion

data. We then make guantitative estimates of the energy-dependence of

+ -
this cross-section, the deviation of the ratio of (e p/e p) cross-sections

from uwnity at high q2 , and {apparent) deviations from scaling in ep-
scattering. Also discussed are consequences of anomalous interacticns
(with the restrictions mentioned above) on enhanced lepton-production
in hadronic collisions, hyperfine structure splitiing in hydrogen and
leptcuic decay modes of ﬂo and 0 . On the theoretical side, we
discuss a variant of the basic gauge model (which allows the anomalous
lepton-hadron interactions to be relevant at present energies). The
major conclusiocn of this paper both from the theoretical side (taking
into account restrictions on low-energy neutrino interactions) and
from the phenomenclogical side (taking into account data on ei alone)
is that the eleciron is likely to be "strange" , if its interaction
with hadrons l1s "enomalous" at present energies. Further data is
nezded to test this possibility and also whether the muon 1s anomalous
and strange Or nen-strange. It may of course be that leptons do possess
anomglously strong interactions but only at high energies proposed in

our basic gauge moedel, in which case such interactions are irrelevant

for SLAC energies.




I. INTRODUCTION
1)
In attemptlng to unify baryons and leptons within a guage theory

context we postulatedaln 1973 a neW'class-of lepton-hadron 1nteract10ns which
eventually must acquire the same‘strepgth as‘had;on-hadrop interactions. For
thé 50-calléd‘5asic updé}_pf_léptops an@ hadrons, which was %iaminéd in detail
in an earlier'papér, there appeared‘thecrética} limitations so that it was
estimatéd that thé néw'anomaloﬁs intéraction would manifest itsélf for energies
in the reglon of th BeV.

Experlmentally;however the CEA-SPEAR enhancementj%f e’ + e” + hadrons
might possibly be 1nd1cat1ve of the fact that the mechanism suggested by us may
already have becone operatlve at much lower energies, and this suggestion was
advanced in a letter.h) It Wgs‘ pointed out in this letter that

i) experimental studles involving energy dependence and the magnitude of’
O'(e“e+ -+ hedrons),

ii) deviations of the ratios of (e+p/e'p) and (u+p/u’p) total
cross-sections from unity at high q2,

iii) scaling behaviour of e + p + e + hadrons and apparant deviations

therefrom,:
may provide further information on the existence and nature of such anomalous

interactions.
In this paper we give quantitative estimates of the above effects and

discuss other possible tests including enhsncement of lepton production in

5)

hadren collisions. In making these estimates, we rely heavily on

gauge models for obtaining the basic parameters of the anomalous interaction
(like coupling strengths, their signs, (V and A)~character of these
interactions and the sllowed and forbidden nature of certain transtions). On
the dynamical side we make use of the parton-model hypothesis in order to get a
feeling for the magnitude of these effects. We are prompted to make such
estimates by the fact that some of the experiments relevant for testing owr
ideas are in progress and some are already completed (in particular the ratio of
e+p/e—p total cross-sectionE) for q2 up to -15 (BeV)E, while similar data on
u+p/u’p‘is expected 7) to be avallable in the near future. Our chief conclusion
is that the electron is likely to be a "strange" particle and its neutrino
"echarmed" in the sense of our gauge models, and this would imply an enhanced
production of ¢O and ne's and possibly also KK as SLAC energy increases.
In an appendix to the paper we discuss an explicit variant of our original
‘model, fo show that limitations on the relevant energies of the basic model

can be relaxed, s0 that anomalous lepton-hadron interection can begin to

menifest itself with the requisite strength at the present low SLAC energles,

e S o . - — — Ry . . _ . - » —— ,
- R T T B E BRI il 0 b i N e N S e < v




We, however, consider the new varient %o be of a forced model snd would hope
that,if the electron does prove %o be strange, a somewhat nore aittractive

versioh of it emerges.

IT. ANCMALOUS LEPTCN-HADECN INTERACTICHS

- B ~‘\ 20
The ancmalous interactions of the charged leruors (e and 1) with
quarks, which arise 1n the gauge theory context or Ref.2 and which are

further discussed in Avpx.T of this paper, ars gliven by:

L= Cy 0%+ NT v o) Vo
e o o %’ oy le iy v. g )X 4+ (e »wu;+ u.Co, 1)

where q denotes the specific quark (ia our case it is either n or  A)
coupled to the clectron via the XK's: similarly for qu . Since there is a
triplet of X's corresponding to three baryonic colours, &  summation over the
colour-index of the quarks and of the X's 1is implied. In general the vector
fields XV may not be identical with the axlial vector filelds XA and

1
> -

parity is conserved. (One may, however, alsc consider the case AL %A which
will lead to parity viclating Z-interaciions. Since there 1s no & priori
reason {theoretically or experimentally9 ) for the interactions in the X-sector
to be parity conserving, we allow this possibility also.)

We wish to emphasise that in rencrmalizable gauge theories there are
restrictions on the choices of qe and qu due to the interplay bevween the
weak and strong gauge groups. For example,with non-chiral strong gauge-groups
and the type of unification schemes considered in Ref. 2, e can be coupled
via X to either the n-quark or the Ai-quark, but not to both (see
Appx. 1. We refer to these two situations (e_ coupled to n or A) as

electron being "non=-strange'or "strange" respectively. Also (if u and e

belong to the same Fermion multiplet) L will couple to the A-quark, where e
couples with n and vice versa. (In other words,if e is "strange", u

is  not) . If, on the other hand, e and u belong to different Fermicnic

multiplets (as is the case of the variant modei, of Appx. I,

both e and W may be "strange". But in no case can e and U couple via

the X's to the proton-guark or the charmed guark without conflieting with the

charge and isospin assignments in our gauge models. In the sequel, though our
discussion is phencmenological, we abstract the features of the X-interaction

from gauge-theory considerations. As will be seen, this lesads to important




experimental differences from other models 10) recently propoged in the

literature. In summary, we consider the following three possibili%ies

for the choices of q and qu :

(n, A); e non-strange, W~ strange;

(1) (agr )

(X, n); W non-strange, e  strange;

It

(11) (qe: q_u)

(11i) (qe, qu). (A, X) (such a possibility arisesin the so-called prodigal

model - see Appx.I). _Both e and W strange.

Effective 4-Fermion interaction; heavy-X-case

In addition to quark mass, two important parameters in the model are
the square of the coupling constant (f2) and mi .  Two typical cases
arise: 1} fz/hn is small (perhaps as small as ::10-2); in this case, in
order to account for the e_e+—annihilation data, X ought to be "light"
_(Mk % 15-30 BeV, say). ‘The mi may be exceeded in energy by the next

generation of experiments. We refer to this as the light—X-case (ﬁi ~S).

2)  is large (fglhﬁ ~1); in this case X ought to be heavy
(mx==100 BeV) to account for the ee —annihilation data (see estimates
later). In this case s (and t) << mi . We refer to this as the heavy-
X-case. . Most of this paper is concerned with the (simpler) heavy-X-case,
' although.in Sec.III.2 we briefly consider the case of a light-X-mass.
[From the gauge theory point of view, both cases may be permissible, see

remark in Appx.I.]

For s and t << mi , one may treat the effective current-current-
interaction medisted by the X's as & local 4-Fermion interaction, which
for the sequeﬁce of cases mentioned above reads as follows, after a Fierz-
reshuffle has been affected.

T A A e m"a,‘;: E’: B ) } . i*. = -“ “;:'*IM . ;..‘. :u. llpg.‘
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I} Parity-conserving case

v B Cetimon 1 wn o xhze)
(Xi)i el and (}Cli)jL e,y oFC distinct fields with fi L s

==

eff fe
X =—2—('H:-hses +2vev +2A A ~-L47?P Pj
- qe q, e qe e q

£
+—§_—(%][hses *2V_ V. +24A A +hPP]
%o 1o € 9 ¢ 9

(2)

I1) Parity-non-conserving case

2)

N . i
(x) and ¥° are identical fields <’ with £’ = £ £°2 1)
1 1 1 1 L
1 f2 }
c{ eff | |_e. V V +4 A (v & +4& V )+ (e~ . (3)
X 2 J e q e q e q e q
I'}'}.Y [=] e e (=
L‘\e

Here Se, Ve, Ae and Pe denote the bilinear lepton covariants

(e ()Te(x)]} with Ty =1, v,ivy, and v, respectively. Similarly for

the guark covariants 8 , V_ , A and P . The equality relatiocns between
q q
e e e e
A fA - . .
fe i and e.U for I and II are suggested by various variants of gauge models.

Note that the pverall sign of the above effective interaction is fixed in gauge

models, since it 1s & conseguence of a basic vector-type Yukawa interaction.
This will result in the sign of the interference term between the X and the
photon-mediated amplitudes (in e_e+ annihilation and ei p-scatterings, for
example) be’ng fully determined. '

Under I}, we consider two typical possibilities:

(74) Mass of the axial vector meson XA is mueh larger than that of the wvector
meson XV, so that we may drop the axial-contribution. Alternatively, vector-nass

axial-mass . .
much exceedskgb that we may drop the vector-contribution. The two cases lead

to identical results for all our considerations, since they differ only in the

and PP terms, and these terms do not interfere with any -
e € 4
other contr;but;onsjr Wé_;éfer to the two cases as "vector-X" and "axigl-X"

signs of SeSq

interactions, respectively.

‘-5_




(IB) Vector and axisl masses are equal; in this case cne has an effective .
(VV 4+ AA) interaction before and after Fierz-reshuffle with no net S and

P terms. (Consequences of the intermediate situation Y being com~

parable to ‘mXV can, of course, be worked out from the formulae appearing

in the text.l In summary, then we have three cases to consider:

{(Ia) = "vector-Xx" or "axial-X"; effective interaction 3{VV+AA)} £ (SS+FP),

(IB} (VV + AA) effective interaction, and
(I1) (V £ AY(V = A) effective interaction.

For all three cases,only one X-mass is relevant for "low" energy
X—interactions involving the electron and similarly the muon and the superscripts

V and A may therefore be dropped. The strength of such intersctions may

thus be characterized by the two positive parameters € defined by:
. e’u -

c (1 =e,u) |, (%)

ay = (£2/bm) (/e )
' 1

1

(aei)/(Bev)

where a = ee/hﬂ = 1/137. From now on We drop the subseript i also, &s we

consider processes involving the electron only; muon—processes can be obtained

by simp ) i T e g
¥y simple substitutions Ee SD’ qe qu
I11,1 ELECTRON-POSITRON ANNTIHILATION; HEAVY-X-CASE

' ‘ . . 2
Tie contributions of one-photon and the X-interaction {for s,<<znx)

- e . . . .
to the erosi-section for e e annihilation into hadrons are in general given

by:
2
_ lLms o pyy(s) 20 s pyX(S) 2
Uh(s) = 3 ‘ S.e_ + s + a-x OXX(S) 3

(5)

vhere P __(s) and P x(s) ‘represent the hadronic tensors for the curreut

¥

N em _em 1 e X ,em , . VX = 3V
correlations (Vp Vv ) and §(Vu Vﬁ + Vu Vu ) respectively with 9 z{ qe)u
for case (IA) and (Vq ) for cases (IB) eand (II} The function PXX(B)

e

represent the sum of contributions from the correlations (S s ), (P_ P ),
qe qe qe q‘e

(v. v ) and (A A ) with appropriate coefficients, which may be worked out for
e % e e :
the three cases from Egs. (2) and (3).
: , .




If s 1s in the asymptotic region, d¢imensional considerations and

scaling hypothesis suggest that all three functions DYY(S)’ QYX(S) and ¢.,.(s)

XX

_are essentially''constants". If,in addition, Ve assume the validity of lighu-

cone hypoibesis or parton model considerations, we may evaluate these constants

13) 0

for a given model sing the general formuliae in Appx. II. For the case

where the proton guark is not involved lh), we obtain:

o) =1 . eplel= 6, (A
= -2 . = 6 , {IB)
= D , = 12 , (1T}
while s, o (s)=14° (6)
YY LoE
and lelQi denotes the electric charge of the ith~type quars. Collecting

the formulse (4), (5) and {6}, we obtain 16) {(for the Leavy-X-case):

—_—

2
hwa2 EQi _

3 s

& ,
crh(s) = € + 6J g2 S_J (7)
12

[Av AR

with the three rows correspording to the cases (I&), {IB) and (II), respectively.

Note the destructive interference between electromagnetism and the vector-part

]
of the X~interaction. This comes about because 5f;ff or ;f ;ff were

derived from a bagic vector-type Yukawa-interacticn together with the fact that
the electric charge of both 1 and A-quarks isll'tl ;~%-[e[ . The sign of the.
interference term is important in determining the magnitude of € from the
annihilation data.

We find that the reported datazg)for Gh(s) with s varying from

9 to 25 (BeV)2 can be fitted reasonsbly well in all three cases (IA, IB and II)

. 2 .
with values of € given in Table I and two typiecal values 17) for EQi :
z Qi = 2 (3 triplets of fractional charges) ,

lg (3 quartets of fractional charges).

(8)

These values of I Qi‘ are still compatible with three guartets of integer charge

- quarks , if we remark that when neither cglour nor charm is excited -

-T=




. 2 . .
at SPEAR energies, then ZQi = 2 , while if charm is excited but not colour,
2
then EQi = 10/3 . {Note that the values of € given in Table I are in the

same range as suggested in Ref.lL.)

.. TABLE I.°

Values of & from anrnihilation data

Vector-)? (Vv + AA)eff (v.x A)(V A)ei‘f
(14) (IB) ’ (13)
2 —
EQ:L =2 1/30 1/25 l/ll-o
10 ' :
== 1/50 - 1/40  to  1/50 1/50 to 1/60
l .

II1.2 LICHT-X-CASE ' :

'For a lighter X-mass (mX =-10-30 BeV), the local 4-Fermi~-approximation
to the effective interaction would be completely inadequate as available
centre-of-mass (energy)2 s exceeds 50 (BeV)z. In this situation, the s (and t)-
dependence‘of ¢"et» hadrons will be strongly dependent on the "structure" of
the matrix-element and the particular final state considered and one may no
longer use the simple formula (75, which is valid exclusively for the heavy
X-case (mi >> s,t). Given the fact.that we are dealing with a renormalizable
theory, we remark that the s-dependence of the cross—section is not expected
to be as steeply rising as for Eq. (7) when s approaches or exceeds mi. (In
fact, a variety of different complexions may arise depending upon the precise
value of /5 in relation to Mys Wy (quark-mass) and possibly other massesls) in the

theory.) .In summary, the lack of linear rise of the cross-section with §h£?t high

s) is not to be taken as evidence against the possibility that the X-mechanism

. . . -+ 1 d .
provides an explanation for the known e e —annihilation data.

From now on, we shall confine our discussions to the (simpler) heavy-
X-case, .since it'allows us to make definite quantitativeTpredictions.A ‘
It should be. remarked, however, that if the s—dependence is not as steep for
the light X~case, as it 1s for the heavy X~-case, the deviations of (e+p/e_p)-
ratico from unity aﬁd departures from scaling in ep-scattering would in general

be less pronounced for a light-X than for the heavy-X for a given high
9 .
s({=q“).
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v. COMPARISON OF (e'p) VERSUS (ep) AND (1i'p) VERSUS (u"p) IN THE
DEEP INELASTIC REGION
It was streésed in Ref. 4 that the interference between the vector
(which arises from the electiromagnetic as well as the X-interaction) and the
axial-vector interaction (originating from the X-interaction only) should in
general lead to a measurable difference between (e+p} and (e p) cross-sections

’ _especisally for large q2 b1 %‘. Below we make a quantitative estimate of this
' for the heavy-X-case

difference L assuming S n or XA eand making free use of the parton model

hypothesis. The .relevant Tormula for deep inelastic eip -+ ei + H Cross—

sections for a general 4~Fermion interaction containing the covariants
S8, PP, VV, AA, VA and AV is given in Appx.II. The ratio of (e'p) and
(e p) cross-sections for given values of incident lepton energy E, scattering

angle 6 and momentum transfer square q2 is given by:

+
i (E,G,oe) - Ei (9)
e 2 4 b
ac® (z,8,97) *-

where X for our three cases. (JA, IB and II) are giyen by:

X, = |Q

o

H+

1 1 WT
‘ 2 . [ o ?] 2 2 [2 . 2
fp(x) + Qn.fn(x) + fqe(X)’\T z tij €g + £ g Li %J x (1-y+y~/2)

5

v

. }—fﬁ () €2 o o 1 y8
L e LOJ J
] E 2 2 ? <
+ gq 2, (x) == 1] eq” + ¢ |2|} v~} .
e % v 2)

\ (10)

Here x &and ¥y are familiar kinematic variables defined in Appx.II;

1 $3
p,n,l(
£ =+ 1 for quarks and ~1 for anti-quarks. In (10) we have not exhibited

a . -
2

=]
the antiw-guark contribution nor the A-quark-contribution in X Qifi(x) s ?ince
19

the anti-quark and A-quark distribution functions = are negligiblé
(less then 5%) compared with those of the p and n-quarks at x > Q.2 (i.e.
w<5) . , : Hote, however, that the anti~guark

) denote the gquark momentum distribution functlons within the proton;




‘contributions systematicolly tend to reduce the difference between (e+p) and
(e p)vscatterings. This 1is because, on the one hand,they increase the symmetric
term (given by the first two braeckets) and,on the other, they decrease the

asymmetric term (the last term in Eq. {(10)) due to the Eq ~factor,
- _ e

Following the same reasoning, we note that the ratio (X /X_} is

expected to stay near uniiy for all values of Ag? in the event the electron is

straenge (i.e. Q.= A); since in this case, assuming that fA(X) = .X(x)

within the proton for all X, the contribution of A-guark to the last term in

Eq. (10) is cancelled by that of the A-guark.

On the other hand, 1f the electron isnon-strange Ci e._a.= n), the

‘ 2
"ratlo (X [E ¥ould differ. from unlty‘for all ‘9 "# 0, 51nce the neutron and

antl—neutron—quark dlstrlﬁutlons W1th1n the proton are very dlfferent from each
other. The precise dev1atlon from unlty,however, depends sensitively on the
ratio fp(x)/fn(x). The klnematlc region of interest at which dev1atlons from
unity would be apprec1&ble corresponds to high |q | (BeV) and ,therefore,
low w <5 given that the energy E of the incident lepton ai which the SIAC
experiment6) is performed is 13.9 BeV. TFor such low w (especially for

w < 2, vwhich is appropriate for q2 x =15 (BeV)Q), the functions fp(x)' and

fn(x) as well as their ratio wvary rapidly leaving room for considerable

uncertainty. Available information on fp(x)/fn(x) is given

by the curves in Ref. 19, which are based on (ep) and {en) data as well as the

fitting of the known sunm rules. However, due to their rapidly varying nature,

the precise numerical estimates of f {x}/f (x) for low ®w based on these
estimates of the &8 - ) , .

curves(and therefore thekdeV1atlons of (eTp/e p) from unity) should be treated with

some caution; only the qualitative trend may still be trusted. Be that as

, +
it may, we present in Gable II values of (e p/e’p) for the case of electron

[l

being non-strange(i.e. a4, n) at several points relevant to the -SLAC

experiment ,taking (fp/fn) from Ref.19.

Preliminary experimental measurements &) seem to indicate that the
ratio (e+p/e_p) is unity within * 10% for q2 varying between O and
215 (BeV)? .  This appears to exclude possibilities (IB) and {II) for the case
of electron bheing non-strange (qe = n} . Case (IA) may still be acceptable, if
we allow for +the uncertainty in parton-model calculations together with the
and allow_ for
wncertainty in f (w)/f (w} for low values of w,[the antl—quaﬁ:contrlbutlons

as well as the modlflcatlons due to 2 -photon contribution to e p-scatterlngs.

However, if the experiments preserve the present trend for high [q_[ }325_(Bevl 1
-10-
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and w > 1.5 , even case (IA) {(with q, = n) may be ruled out. This wou

leave
us with the only possibility that electron is strange {i.e. o = A},
o il
. + -
. Our remarks for the ratio (e p/e p) apply egually well to the ratio
+ - . . ‘
(0 p/u p) if we substitute € =+ € and q - . Thus, & comparison of
+ e L e qu N T

- + ., - A
ep versus ep and (M Pp) versus (U P) at nigh [qd! would be most helpful

in de%iging if either the electron or the muon may be coupled to the n.viron-
3

quark via X with an effective strengt}zzl) of order {2 x 10’2) BeV_Z.

TARLE IX
of Pl = 13.9.7¢°, 6 = 50°)
- ’ 2 .
" PE = 13.9, q , & = 50%]

2 . .
for the heavy-X~case (mX‘>> g,t) with electrrn teing
non-strange. (If electron is strange, the above ratio is

2. -

expected to be unity for all values of g~ .) The entries
o 2 5 .

shown are for & = 1/5¢. Values of g and E. are units

of {BeV).
: 2
& =5 F=-10 | o°=-15 o© = -20
"o 5.0 2,42 1.54 | 1.18
fp(w)/fn(w) 1.8° 2.0 3.6 6.0
- +
Ia(g =n) == =1,08 1,16 1.18 1.15
e
"vector-X"
+ .
18(q, = n) o8l = 1.19 1.4z 1.43 ; 1.42
. L
(Vv + AA)efn e
; -+
II(q, = =) €. =1.23 ' 1.57 1.63 1,65 )
(v = A)(V =+ A)eff e .

1]




V.. APPARENT DEVIATIONS FROM SCALING IN (9 Pl_AND (y pl—SCATTERINGS
As mentioned in. Ref 4, the replacement of l/q photon-like
propagator by a constant {mxei In +he’ X—contr*butlon to the scattering

amplitude would reflect itself in an apparent violation of scaling in deep

inelastic ep{or ﬁp)—scattering, even though intrinsic scaling may hold in the
structure functions involving quark densities (such as (VemVem),
(V Vg 0o (B 8 ), (VemAq- bo, (VA ) end (5 8 ) ete.) Tne theoretical

e qe qe e e e e e e

formule for the cross-section dgc/dxdy for ep-scatiering in the presence of

axial-vector and vector-interactions is given by:

2 2
o _ uma’s 2 2 2 2 (11)
- - - W

o X (1-y) v, (a7,v) + " m W {a™,v) xy(1-y/2) Wi (a",v)
vhere s = (p + k)° L= _(freamv) , Ty = (B a
: P I m q 2mN Y an

. t

v o= (P'q)/mN =(E-Z&) The guantities p and k denote the h-momenta

of the incoming nucleon and lepton respectively, while q

transfer between the incoming and the outgoing lepton.

the W
€ ¥¥3

to the case of neutrino-nucleon scattering).
for our three cases (IA, IB and II)

functions vW2’3 and MNWl

term due to (vector-axial-vector)

is the L-momentum
Note the appearance of
density correlation (analogous
The parton model formulae for the

are given by:

2
r 1 :
viyad®) = x ) & gl e 5 (9 o le | v afle ) e
1 ¢ hee © 2€
E ‘
- 2 5 ]
= x Q‘i fi(x) + Ag(Cl- am)]
K
r 2
2, _ 1 2 L (&
Mwl{x,q } = 5 ZQi fi(x) + fq {(x) ¢ |0
- e 0
— 1
_1 2 o
=11) @ 0+ (P
i
gf2 ea/h
vW3(x,q2) =+ 2f {x) Qq q2 £ + qh 62 | Eq
e e 2 e
| £ 2e. (12)
-12-
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The three rows ~ correspond. te _the  cases (IA), (IB} and (I1)
respectively, The sum 1 runs over p, n  and A ; lelQi denotes the
electric charge of the ith quark and fi(x}, as before,denotes the i-type guark

momentum distribution function inside the proton. The factor £ is +1 for
a
e
quark-parton contribution and it is -1 for anti-quark-parton contribution.

‘ +
The * signs in Eq.(12) correspond to e p-scatterings. Note that the new terms,

which arise in the presence of X~interaction, are propertiocnal to fq (x)
e

where qe(x) is X or n, depending upon whether the electiron is strange or
non-strange. these terms depend upon q2 and qh and thus provide the scale
non-invariant contributions to VWé and MWi . The measure of the deviations

from scaling in these two functions is given by

2
o A L{d%w)
by o 2 2
Zq; 1, (x)
(13)
where A, , are defined through Eq.(12).
Since e is small (“’ga-), it follows that D, 2(q2,m) will be
?

appreciable only for large [q ] 215 {BeV)2 This, however, corresponds to

small w (<2.5) at SLAC energies. For such values of w , 1t is easy to

see that 21 h(g?,wl, would be les3 than or of order 5% for
-]
lg?[_< 25 (BeV)2 in the event the electron is strange (qe = A).

This is because the functions D (q2, W) are proportional  to

¢ (x) and the strange-gquark content function fp(x) is at least an order of
[+

magnitude smaller than the non-strange quark coantent functions fp(x) and

£ (x} within the proton for < 4, These remarks hold for all three cases

A, IB) and (IT. o
I7, on the other hand, the electron is non*st“ange (i.e. a, = n), orne

would in general expect to see 51gn1f1cant vxolatlon of scaling for
large Eq } 20 (Be V) The precmse value of such violaticn depends
sensitively on the ratlo (x)/fn(x) . As remarked earlier in connection with
the comparison of (e'p) versus (e7p), this ratio does ng%lz%g%tto be Well

known for smell values of w <2. This is the value which 1sifor large fq f > 20
at SLAC energies. Once again, we estimate the degree of violation for
different values of q2 by taking fp(x)/fn(x) from Ref. 19 and list the
corresponding numbers in Teble. III. We should stress that the precize numer-

t
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ical estimates may not be taken seriously, although the qualitatiﬁe trend of

increasing deviations from scaling with increasing [q2| end the effects for the

vWé-function being large for cases(II) and (IB) compared with {I4), can be trusted

TABLE IIT

Scaling violations for the case of electron being non-strange
(qe = n); with some typicel values of w and € = 1/50.

(If e  1is strange, violation of scaling is much less than 5%
for [q2[ < 25 (Bev)2 and < 4 ,)

£ (w) | Vvector=X (Vv+ad) .. (via) (via) .
P (IaXq_ = n) (1BXq_ = n) (1z)Xa_ = n)
W e ‘ e e
fn U.\) l! | b 1 5
b, ' D, by ' D 115
; |
1 . 1
=15 2 2.6 | 0.07 , 0.09 o, 0.28 0 1o
o 1 ! 0 : .
g = -25| 1.5 3.6 o.lu , 0.13 0 , 0.50 ‘ 0.80
To summerize:
1) Despite the presence of scalar and pseudoscalar intersctions for case (IA)

{corresponding to either "vector-X" or "axial-X"), the deviations from scaling
. 2 . . . . .
in MWi(q ,V) are tolerable in the presently available kinematic region for

ep scattering. This- differs from the coneiusion drawn in Ref.19, where

large deviations from scaling are noted in the bresence of scalar interactions.

large part
Such & difference is in ' due to the fact that all three quarks (p,n and \)

are assumed to share the anomalous interaction with equal strength in Ref.19,

while only the neutron or the A-quark is involved in the anbmalous interaction

for our case,

2)  While the sbove estimates are given for (ep)-scaitering, the deviations
from scaling will be enhanced considerably for (en)—scattering compared with
(ep)-scattering in the event that electron is non-strange (qe =n) . This
is because of the larger n-quark content compared with the p-quark content
within_the neutron reletive to the proton. Of course, if the electron is

© stirange, the effects are equally suppressed for (en)—scattering a8 is the
case for (ep)-scattering. ' )

=1l
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3) A characteristic feature of Eq.(12) is that the functions VW, , W
(for e ) and M

This is because the interference terms in VW, and va (being proportional

) &~ 3
must increase with lqgl for all ¢~ and fixed w .

to (q2 Q_ )) are necessarily constructive for space-like q2 < Q0 and

£2

e
1 1k . .
Q = - 5— cerresponding to the electron being ccupled to either tTie n or
e
the A quark via X .
L) The entries in Table ITI indicate thai deviaticons from scaling in the

vw2 function are excessive for case (II) and case (IF with e =n . This

appears to be inconsistent with the (ep)-~data which seems to assert that

scaling holds within 10-~15 Z%. However, it may not be eacy to draw clear-cut
2\
' the data in terms of Wi . W2 end W

functions (Eg.{11)}. We feel that such an analysis of the data is worth-

conclusions unless one re-—-znalyses

3

while not only in view of ﬁesting the possibility of additional interactions

. 23) . . X
as considered here, but also to estimate the 2-photon contribution.

5) If the electron is strange (qe = A), the contribution of the UW3

term vanishes 1f fl(x) = ﬂx(x) for all x . This is because the Ai-quark

contribution to the vw3 term is cancelled by the anti-A-quark contribution

due to the Eq factor in Eq.(il). In this case the data may be analysed.
e

only in terms of the vWé and Mwl functions. The deviations from sceling

for these two functions are small (less than 5%} in the presently available

kinematic region, since fA(X)/fp n(x) is small for low w {< 3).

’ . L . i
However, such deviations should increase with W 2k) for a fixed high

quE 2 20 (BeV)2 &5 W increases between 3ang 10, since the ratio

15)

fl{x)/fp n(x) rises rapidly in this region.
3
<y The remarks made here with regard to (ep)-scattering apply also to {up)-

experiments . . .
scatterlng(belng carried out at FNAL with the substitutions Ee > EH and

QT - It is worth noting that the higher w-values (together with high
lqel values) available in this case(@ue to high incident energie;}are useful
to avoid uncertainty in theoretical estimates stemming from the uncertalnty
in .f (w)/f (w) . This applies both to the comparison of (u+p) versus
(u_p)p (Sec?IV) and to deviations from scaling in (up)-scattering. In view
of remark 5), it is especially interesting to verify whether deviations from
. increasing . . 2 .

" scaling, if any, rise in this case withAcu for a fixed high ]q | 1t ih;g
effect is observed, it mey be inferred that the muon is "strange”.

~15- o




VI. HYPERFINE STRUCTURE

Due to the presence of axlal 1nteracthna of thg form, (AeAqL ! itnell
e
three cases (IA, IB and 1I), the X-interaction will contributeeB)to hyperfine

splitting in hydrogen, which is given by:

Av g/2) ‘
hfs _ ( ’ . .
—~— = 1000) | € | g = parts per milliom . (1L}
hfs € 4 :
e _
where
gA T i Y u = (:P[ |P>>
a, Y, = % 1,5 o . _ (15)

If the electron is strange (qe = Al s We.expect gg_ﬁ Q , & that the above
. .

&)

contribution is well within the theoretical uncertainfy2 of about 4 to 6 parts
per million (in magnitude). '
If electron is non-strange (q n) > the extent to which the above

contribution may pose & restrlctlon depends on the magnitude of gg with
1
. e

¢ =n . If one accepts the value gé‘ = (1 - gﬁ) = (1 - 1.2) = -0.2, for
e

n, as suggested in Ref, 9, we obtain (setting € = 1/50)

qe = |
Avhfs 2

" = - |k parts per million , (16)
hfs I

which is still compatible with the theoretical uncertainty mentloned

gbove. Thus hfs considerations d¢  not, at present experimental and

theoretical accuracy, rule out the pessibility of a non-strange electron.

(For the strange electron,of course, there never was any problem.)

16~
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VII. ﬂo + e+e s "W MW AND 1 - e e -DECAYS

The X-interaction will in géneral contributé to “O =+ e+ e ,
ﬁ -+ p+p_ and T+ e+e_*decays. Even though the X~contribution iq expected
to be of the same order as the 2-photon contribution (since og = @(az) ,
the rate of T° + ete” -decay %or case (I2) (with "vector-X") is in general
expected to be enhanced compared with the cases(IB)and(II)as well as the
2~photon case by a factor (m.ﬂ/m.e)2 assuming that the matrix elements are
of the same order in all cases. This is due to the presence of pseudo-
scalar effective interaction for case(IA),which is absent in all cther cases.
Below we estimate the rates.

0 + -
T * e e —decsay:

If the electron is strange (qe = A) , the X-contribution to
© > e+e_—decay is suppressed in all three cases (IA, IB and II), since {(AA)

P . o . .
is isoscalar while T is isovector.

+ -
Thus X-contribution to WO +> e e ~decay would be significent only

provided the electron is nen-strange (qe = n) . The rates for the X~

contribution in the different cases are given by:

Case {I4) ("vector-X" (3(VV+AA) - (SS+PP))-effective interation)

o .+ (% ug)? 2 2. .2 2. ,02 2.2
M +ee )= — [fTT m_ +h_ mﬁ] (m1T - hme) {17=2)
l6ﬂmw '
2. 2.2
(£%/m_ ) 2
M i Liq m’ (175)
16ﬂ o T

Cases (IB) and (1T} ((VV + AA)weffective and {V * A)-chiral)

(72
3
i

r(r° » e¥e) (22 0] G - nl)?

Lm

(f2 2.2
__ff].X.,)_.. m e , (18)
hor e

where the constants fﬁ and hﬂ are defined by:




— . AN = .. : -
<0|qe lYp‘(S ‘lelﬂ ) S if p o — (2F_) 2
.and

| <O]Ee T5 qeiﬂo> = ih'rr m’r.r ___57'? CQEH
‘ (am) (19)

In going from Eq.(17a) to Eq.{(17b), we have dropped the mi term. We have
 also assumed both for (17b) and (;8) thet £ is of the same order as the
T+ UV decay constant, i.e. fTI' ’\: m‘ﬂ' for qe. =n , which seems reasonable,
Substituting (i‘e/bf'n')rn;(2 - =(0./50) BeV ° in the above formulae, we obtain
the following branching ratios:
2

0 + - h
3 -
L(n T ) - (_ﬂ% (5 x 107%) (IA)
r'{m” » 2v) L
. R
= 2.5 x 10 {IB and II} (20)
for the case of non-strange electron. A recent review of the datazs) appears to

set an upper limit of 8 x 10~® for the above branching ratio at 907 confidence
level. This is certainly consist-ent vith cases (IB) and (II); but it excludes
case (IA) ("vector-X") with non-strange electron, if h‘n n fﬁ " m - This is
presumed to be the case by many authors (see, for example, Refs. 2L and 28)-
However, the cconstant h‘n’ need not be as large as fﬂ. For example, if

one uses the field equations to equate the pseudoscalar quark density Pq

with (l/émq)(auAE) where m is the quark mass, then one obtains

h‘n = (m“/EmG) fﬁ, , which may comfortably be of order (fn/lO) for even la
moderately hoavy guark. Because of this uncertainty in the estimate of hTr s
we conclude that 10 =+ e'e -decay does not as yet yield decisive information
to choose between the cases (IA),(IB) and (II) even for the non-strange quark case,
although lowering of the Branching ratio to the level 10_7 should disfavour
case (IA} (with q, =n }.  If the electron is strange, 0 - efe--decay is not

sensitive to the anomalous interaction in any case.

n > % + 2-decays (& = e,p)

- In contrast to 'rrO-deca.y, where ()\) density does not contribute,
for .n—decay such densities are important. Thus n-decay is sensitive to both

strange and non-strange lepton po'ssibilities. Of course the absolute rate

a © =18~




is again suppressed for ceses (IB) and (II) compared with case (T4 (if the metrix
elements are of the same order) just as for ﬂo -+ e+e——deéay. The contri-

butions to n > & decay (L = e or u) (using-the formulae for Wo-decay with

the substitution T n) are given by 29)
T(n+e'e”) = (hn/mn)a (3 ev) (14}
. o 2 -7
= (In/mﬂ) {2 x 10" ev) (IB and II)
(21)
+ - 2
Tn+yuyu)= {hn/mn) (2.1 eVv) (IA)
- 2 ~3 '
= (fn/mﬁ) (6 x 1077 ev) (IB ana II)
(22)

The ¢constants f_  and hn are defined in the same manner as fﬂ and hn
with the substitution 7 -+ n in Eg.{19). One may expect (barring selection
rules) that f_ 1is nearly equal to £, which in twmn is of the same

order as T =+ U + v-decay constant; thus fh g m {(within a factor of 2 or
3). On the experimental side, 303 there is no number quoted for the

n- e+e-¥decay; while Pe {n -~ #+u—) = 0.057 eV, This latter number is
certainly consistent with cases(IE)and(II)(for either strange or non-strange
lepton). The consistency for case (IA)depends upon whether (hn/mn) may be
as small as (1/10) or not. [Note, if we replace the pseudoscalar quark-

~

. q : ~
d§n51ty Pq by (l/qu)(apAy) , we obtain (hn/mn) (m“/qu) .

' 0 . . .
In summary, the leptonic decay modes of m and - ~atible with

cases (IB) and (II) (with either strange or non~strange leptom) and with case (14)
for strange leptous; the compatibility with case (IA) for non-strange lepton
is not easy to judge (under the present theoretical and experimental accuracy)

due to uncertainty in the estimates of hTr and hn . In view of the
possible existence of the amomalous interactions, a search for WO - e+e—
and n + e e ~decays at a level much higher than the 2~photon contri-
bution would be helpful.- [We should also urge for a search for wo - e
and ﬂo +\y§ decays, as thése decays arise in certain variants of our
- gauge models and would decide whether electrons and muons have the same

or different "colours".]




VITI. MASSIVE LEPTON—PAIR_PRODUCTION IN p+ p COLLISICNS AND
p+p> L+ H 7 . '

The"X—inte;acpionrwill, In general, affecsi%he'production of lépton
pairs in hadrop—had?on collisions in a‘mannér very similar to thé production
of hadrons in (&7 + e+). annihilation.  The genéral depéndence of the cross-
section on the invariant Iépton pair Cmass)a Mif for thé case of heavy X

2
(Mli << m%) is given by

134 . "
photon + X

ag 2 )
=1+ 0e)”_ + SCEE)M*_ )

"photon" 28 &L

dg
& Ry . 32) .
where the terms of ©{¢) anda @(e)® can be determined in a parton-model

framework.

In view of the fact that recent experiments on p + p + £+ + % + H

carried out 33) 5) at FNAL and

at BNL and p + p > & + H being carried out
ISR seem to indicate that lepton production is as much as one to two orders
of magnitude higher than what is expected on the basis of l-photon diagram
and pafton ﬁodel formulae, it is tempting to suppose that the same mechanism
which is respcnsible_for the anomalous behaviour of e-e+—hadrons, may &also
be responsiﬁle for the ancmalously large production of lepton pairs. (lote
that in the experiments which so far study p +p =+ & + H , one does not yet
know whether the observed lepton is assoclated with its anti-lepton. How-

ever, 1f the above explanation is to apply, this must be the case.)

Fitting of the data for some specific cases has been made recently

zh)

by Soni . We may add the following remarks:

:{1) If the produced lepton (e or W ) is strange, the cross-section

will be modified significantly compared with the l-photon cross-section in

a region which invelves high q2 = Miz and high w . (What is needed is
that f)\(w) f}:[ S ] be large, where s = invariant (energy)2 for the
G}
LT

{p-p-systen).)

(2) The lepton-pair produced via the X-interaction can, of course, be
distinguished from that produced via the decay of vector mesons through the
characteristic mass plot. (This latter mechanism has been suggested by

34)

many authors as & possible explanation of the data.)

20~
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(3) -We mention & third explanation. Assume that quarks carry integer

.

charges and ere not too heavy (mq'z & few BeV) and that they decay into

-12 -10

(leptons + pions) with lifetimes of order 10 to 10 sec violating

baryon and lepton number conservation. Such a possibility could arise as
a limiting case within our gauge scheme 2)} without confliecting with the-
known stability of the proton. In this case,the supposedly large production
of leptons may be attributed to the production of real (¢ + q) pairs with
cross—-section of order ILC)"h compared with pion-production {sufficiently
above (qg)-threshold) followed by decay of the quark to (lepton + pions).
Similarly for the anti-lepton. With this mechanism, the production of a
lepton need not always be assoclated with that of its anti-lepton., This
provides a distinction from the other explaémations. Furthermore, we
expect (see Ref.2) the gquark decays td be parity violating, i.e. the
lepton to carry net helicity. Of course, for this explanation to hold,

35)

it is necessary that there is a threshold associated with gg-production.

IX. CONCLUSIORS

The purpose of this paper is two-fold. A} First, to abstract,

from the class oi gauge models proposed 1),2) to unify leptonic and baryonic

phenomena, information sbout the types of allowed and forbidden couplings

and their signs and to utilize this information in making predictions about
magnitude and energy dependénce of e+ + e - hadrons, deviations of'(e+p/e_p)
total cross-sections from unity, andé apparent deviations from scaling in
(eip) experiments. B) Second, we wish to show {(and this is done in

Appx.I) that the severe limitation on characteristic energy at which
snomalous lepton-hadron interactions would manifest themselves imposed by
our original basic'gauge model - and which would have excluded SLAC energiles
a8 being low - can be relaxed and the masses of the exotic X-particles
responsible for the anomalous interactions éan be lowered, from being super-
heavy (> lQh BeV) as in the basic model to being just heavy (% 10° BeV)

or even light (2 15~30 BeV).

In respecf of A), the most severe limitations which our gauge

'models'imPOSe is that X-medisted anomalous interactions NEVER permit

s coupling of ~electrons to the proton-quarks or to the charmed

Pl




quarks, but only to neutron-quarks or to the A-quarks (referred to as the
cases of = 'non-strange" or "strange" electron, respectively). Identical
restrictions apply to the anomalous coupling of.the mon . This has
sigﬁificant consequences for all processes considered and leads to important

quantitative differences between our predictions and those of other authors.

- Further, we allow for the possibility of the X-particles being
light (1;%30 BeV} and remark that this may have the effect that the
ancomalous cross-sections for e+ + e =~ hadrons do not rise so steeply
with energy as is the case for the heavy X-particles (= 100 BeV). An
snalysis of present data (summarized in Table IV) with these points in

mind, inclines one to the view that even though we cannot yet exclude the

possibility of the electron being non-strange {particularly with a light
X), the trend of the daté is towards a "strange" character for the electron
(and towards its neutrino being "charmed"). The strangeness attribute
of the electron has experimental donsequences - for example, one msy predict
a predominant production of ¢O‘s and TP'S and possibly also (XK) in

-+ -
future e + e experiments at higher SLAC energies.

On the theortical side in respect of constructing & variant model
which should permit for a heavy or light X (instead of a superheavy X
with mass >'10h BeV , which would be irrelevant for SPEAR energies), we
have succeeded (Appx.I), but at the - unattractive price of doubling the
nurber of Fermions (including quarks) in the new model. In view of the
theoretical difficulties of constructing an atiractive gauge model, we
wonder if it is not the basic model - with its superheavy or heavy X -
which is, after all,the model likely to be correct and that at SLAC
energies the anomalous lepton-hadron interaction which ve predicted is
really inoperative. Future SLAC, NAL and ISR experiments involving both

+ +
e and U may help confirm or remove such reservations.
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APPENDIX T

In this appendix we consider some of the gauge models of Ref.2 and
the pattern of anomalous 1epton4hadron interactions they give rise to. As
remarked in Ref. 2, it is an inescapablé conclusion of our gauge models which
unite leptons and hadrons that these ancmalous interactions must eventually
become as strong as hadron-hadron interactions. However, for the basic model
of Ref. 2, the energies at which these strong effects begin to manifest them~
selves are unseasonably la.rges562 5 > (10h BeV)2 ~ and thus irrelevant for
SPEAR. In Ref.2, we'postulated a nunber of variants of the basic model which,
though they are not as elegant as the basic model, do permit the lowering
of this energy. Some of these models have other limitations -~ there is one,
however, the prodigal model, which appears a "possible"” candidate and which
we further examine in this appendix in this regarad. In summary, it appes 's
that the severest restrictions on gauge models - if we wish to lower the
energles at which electroﬁ—hadron interactions become effectively strong -
arise from the apparent absence of anomalous v-hadron couplings at low . energies.

This, in turn, léads to the conclusion that the eleciron must be strange - a

conclusion consistent with the picture which appears to emerge from the pheno-
menological analysis of the text and which has strong implications for future

experiments. ‘
A. The basic model and its problems

T he basic model assigns the twelve quarks and the four (L-component)

leptons  to the Fermionic multiplets:

Pa Pb PC Ay
FLR = :a o e e: (4.1)
e Mt ¥
Xe X Xo V'R
with the symmetry group SUL(h) X SUR(M) % SUL+R(M‘). For purposes of

this appendix, the SUL(h)-and SUR(h) groups, which after gauging of their
SUL(2) x SUR(2) subgroup, give rise to weak interactions - are basically
irrelevant. The anomalous lepton-hadron interactions of concern to us in
this paper arise from gauging.the colour group SU(k'). In the basic model,
freedom from anomalies.dictates that these interactions be purely vector.
There are seven gauge-mesons which give rise to leptonic and semi- .

'leptonic interactions; in the notation of the second papér of Ref.2, these are

w23~




0 . o - - 0
5" ; the exoties X  , X , X ; and the anti-exotics XO , x* R X+'

The relevant interactions are:

f 0 — —_ — —_ —_ — —_ -
- + ytyt!
(o4)2 S E {p 2, ton tAA S Xaxa) 3(VW + ee + UU + Vv'V')

abce
+ the exotic interactions:
£ X (Sp, + &n_ + W+ Vi )
a a a a

+ “(Vp 4+ & WA+ V!
| fX (vpb en + ukb v xb) (A.2)
-.’ — — — —
+ + + + V!
X (vpc en, ulc v xc)
The lower limits on the masses of SO and the X-particles are given

by the follpwing relations:
. 2

)2

1) The effective So-coupling of v-hadronic interactions is at
. (m
S

low energy. Since this must be much smaller than Gp (in order that there’
are no unconventional weak-interaction effects at low energies), we conclude

theat:

With =V 1 , this implies m; 3 1000 BeV.

2) The X-particles induce:
0 - — + - +
K »X+n+u +X+X)+e +u +e

, 2
with the effective strength = £§~ . Since Ki - u+ + 4 emplitude =

mx

2 ¥
GF o » and no events of the variety KL - Uy o+ ei have yet been cbserved,

-2 . 2 -1 -2
<
< GF o » 1.e. m > G7 o

we nmust have T

» (m}( > 3x loh BGV): for

sFro o

‘@ﬂm:vl.

To summarize, if we assume that fefhw ~ 1, the X's in the basic
model ﬁust be superheavy (7 3 x 101+ BeV) in order to suppress the KL -+ ety
trensition. The X-mediated anomalous lepton-hadron interactions would then
become effective only for energies in excess of th BeV and the model, as it
stands,would be irrelevant to SLAC energies so far as its purely gauge

37) :

interactions are concerned., If the model could be modified so that

X>ety 1is rigorously forbidden, the severe linitation
2l
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- -+
on. X-mass might be - relaxed. Stated quantitatively, the e ¢ =
snnihilation data requires €~ 1/50 (see text). With (fglh«) (1/m§)ﬁi

-'EU/(Bev)z, this implies a mass ny ~ 100 BeV (heavy-X-case) if fz/hﬂ -~
38),39) '

If, on the other hand fe/hw is of the order 1/i00 to 1/10, we need

mx' to be as low as 10 to 30 BeV (light-X-case). In the next section

we study how to forbid X -+ e + U and thus bring the X-mass down from

being "superheavy™ to Just "heavy" or even "light".

One independent remark: In view of the fact that the rates of
KL + Je-decays set theyscale of energy at which the new class of inter-
‘actions mediated by the X-particles become important in the basic model,
we especially wish to urge & search for this decsy mode. (Could it in
fact be true that the rates of these decays are much larger than what are

thought to be the upper limits for these decays?)

B. The prodigal model

To forbid the K + e + | transition, we must make a distinction

between the muon and the electron "colours" Lu and L, . In the prodigal

model we assume that the muon is,as it were, the news-bearer of the existence

of a new heavier Fermionic multiplet with "new" gquarks and new muonic leptons

0 -
M™ and M . Thus we work with two basic multiplets:

0 . . .0
P, B, P, E Py Py P, M

-~ - . t 1 1 o
% My T E s m o M (1.3)

Fe= - ’ F]J=
1 1 t -

Aa Ab Ac e A A At u
Xg Xp X V L,R Xeg Xp Xo V' L,R

- - - 40)
Here EO » B and MO » M are heavy leptons with Le =1 and Lu =1l ,

respectively, while the primed particles are new quarks. We assume that the
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normal hadrons are made up of quarks in Fe (see remarks later). The ratio

of masses of primed and unprimed quarks (and MQ to EQ leptons) may be

m
=1 \ '
"A:EH' = O (possibly as a consequence of a "netural"-symmetry-breaking
o .

- mechanism where the masses for the 'Fe multiplet arise from

"radiative" corrections of order © to the masses of the Fu multiplet).

In order to gesuge, we consider the local symmetries

SUL(é) x SUR(z) X SUe(h') x suu(h')

41)

and the following interaction

F.+F _W F )+ (L>R) + £,V

g (Fop W For * Fup Wy Fip (FF )+ £, v, (FF)

1
(A.4)

Both Vl and V2 are Aistinct vector particles corresponding to the colour
gauge groups SUe(h') and SUu(h‘) respectively. The lighter e-type quarks

ané the very massive u-type quarks have no mutual interaction, except the
weak and the electromagnetic, thus guaranteeing that normal hadrons

may be considered as made up of e-type quarks only. (If one
_wishéaﬁtodmig;gézgﬂﬁ§§_m;xing of Vl and v2. in the Lagrangian after spon-
taneous symmetry bresking, one simple assumption ls to take all gquarks 'qé
and qu to be fractionally charged.h21Another amusing possibility is that
e-type quarks are integer and u-type quarks fractionally charged. In either
~case it is only the singlet fields sg and sg contained in vl’ and Y,
which need to be mixed to generate the massless photon through the Higgs

mechanism,)

With this preparation and writing Xl and X2 interactions for

Fe and Fu analogous to (A.2), one can now easily‘see thsat:
1) - The model forbids K° + e  + y' ; in fact all neutral decays
provided m > . '
E K |

2) Since ve is charmed and normal hadrons are nct, the X-mechanism

. : 0 .
does not affect neutrino interactions v+ H-+v + H . The & =particles &also
do not lead to any anomalous  enhancement of the neutrino interactions

assuming that they are sufficiently ma351ve.hh)




+ TR
3) To forbid the enhancement of K -+ e + v, through X-mediation,
the Cabibbo rotations must be made for the {n,A) quarks with leptons (e z)
{and possibly also (y Ml and (n' ,3 11 rotated in the same manner.uJ’ The "~

conventional rotation of leptons has 1mportant (though not easily measurable)
consequences for the sequence of weak interaction constants. The week uagranvlan
now reads:

WL(EYn cosB + AsinB) + v (e cos§ + E sinf) + v (4 cosf + M Q1n6)]

Thus f decay versus Y decay constants have the ratie 1:1 ratbor than
cos@ : 1 , though K-decay versus w-decay constants still exhibit the ratic
tanb .

4) The charmed character of V, implies that its doublet-partner for
SUL(E), i.e. the electron, is strange. Witk X, mess arranged (through the
Higgs mechanism)} to be around 100 BeV, we obtain the desired enhancement of
e’ + e~ + hadrons at SPEAR energies, though no anomalous w + 4~ + hadron
interaction is expected on account of the muon not being colour-coupled to
normal hadrons which are assumed to be e-type quark composites. (For the
model where e-type quarks are integer and u-type quarks are fractionally
charged or vice versa, normal hadrons could contain contributions from hoth

Quark types and p+ + p_'+ hadrons couid alsc be anomalous. )

[aw]

'5) The "strange" character of the electron implies that ¢'s
would be predéminantly produced&%s the SLAC energy goes up. In proton-
enti-proton annihilstion there will be no anomalous production of et +e”
pairs in the kinematic region vhere A + A quark amplitude is not significant.

O
g R E would not be

Likewise, for a.strange electron, the ratio - -
‘ e +p+e +H
affected appreciably by the X-mechanism.

To coneclude, for the prodigal model(with nev heavy leptons, with a
"strange" electron  and with two various types of quarks)
the exotic gauge particle mediation can manifest itself as enhancing
e+ + & - hadrons at SPEAR energies. Even though this model provides a
natural ''niche" for the muon, the fact that we had to double the pumber of
Fermions makes the model somewhat unattractive. We ourselves prefer the
basic model where X-particles are more massive than th BeV (if f°/4m~ 1)

. and electron non-strange. But then who can dictate to Nature?

2T~




AFPPENDIX II

A general electron-lepton L-Fermion interaction, relevant to our

discussions in the text, is given by:
L= SH&HEQ)+ HaeHEYQ)
5 1917 7 BpieTg8 Ay Ve,
i
i — - i,— - .
+ gv(eYUe)(QiY“qi) + gA(elYuYse)(qilququ)

i = 1= -
+ SVA(EYUE)(qilYMY5qi) + gAV(elYUYse)(quUq)]
(A.5)
For the cases (IA, IB and I1) discussed in Sec.III.1l, the #alues

of the coupling constants introduced above are as follows.[We give below

only those constants which are non-vanishing for the case of electron

being coupled to the n-quark (non-strange electron). The constants for
the stirange electron case are obtained by the substitution n + A .}

Case {IA) ("Vector-X"; (3(VV+AA) - (SS+PP))-effective interaction)

n . n _
Ey/uma = Ba/bma e/2
n _n = ¢ (4.6)
8s/bma ~ Bp/hma "
where € is defined by Eq.(l).
Case (IB} ({VV+AA)-effective interaction)
n _n _
& /hma - &afbmg - © (4.7)
Case (IT) ((VA)(VZA)-effective interaction)
0 = n = £
&y /hma - Ba/bma
' (A.8)

n _n = Fe
Eya/hra © Bav/ima :
If s 1is in the asymptotic region (so that parton-model considerations
mey be applied} but not high encugh to invalidate the local L-Fermion inter-
- -+
action approximation given by Fq.(A.5], the cross-section for e e - hadrons

is given for the HEAVY-X~CASE by:
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- 2 : :
olete” + hadrons) = hgtsx E:Qf + -]TE-T? Z {(gé)a + (g;,)e}
' i
e [ 6 (0% ¢ (e
' i

v
a E;:Qi &1 s
i (4.9)

-where [e]Qi denotes the charge of the ith quark and s is centre of mass
(energ'r)2 .

+

W

x +
ep>re + H

. _ , .

The ratio of (e p) and (e p) cross-sections for given values of
incident lepton energy E , scattering angle 6 sand momentum transfer
square q2, is given by:

+
eo® (3,6,6%) _ %

a0® (£,6,6°) *-

™

(4.10)

where, with the interaction (A.5) (and parton model hypothesis) X, are given
L7) -
by :

Q &é 2 ()2 gé 2 &2
- e S A VA —AV —
X, = E £, (x) st iz Yl Y (1-y+y=/2)
I ' q e e e 2 :

b

+ [(gé/ez)g + (gé/ez)é} yz/h

o Y(2‘Y) ) »
e e

i] i i 4
- E3‘-+gVJ§-1ll +—-—r-gVAgAV

(A1)

where x = l/w = *(CJ,Q/EMN\J) , vy = (prq/p*k) an@a v = (P'q)/MN = E-E' . The
quantities p and k. denote the k-momenta of the incoming nucleon and
lepton, respectively, while gq is the L-momentum transfer between the
incoming and outgeing lJepions. The factor Ei is +1 for ith quark and -

=1 for ith énti—quark. The function fi(x) denotes the ith type quark

nmomentum distribution within the proton.
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Structure functions

The general formulae for the functions \)W2 . Mwl and \)W3 defined
by Eq.(11l) are given by:

| . g% 2 [ )2 8% }2 &t \2
2 .\ _ 2 "l = cA A AV
(@) = ) € e d ) (1 e | SR RS
. . z e e e e
1 ' i
g
2
+ 2q Z = Q'i fl(x)
i e
. Y Y
‘ _ L gl 2 Sl 2
2y =% @2 a- e} he'd
AU DY EATRE SHIR] = I - I
- ‘ - e ) - le
kN b2
i gi\ g:i‘}‘ .
2 ~ 2 L A Al |SAV
vig( V) =2 ) |+ a1 [ A e
: T e e ) e J\e

{4.12)

: + o
where the I signs are for e p-scatterings.
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Quite possibly, all interactions (including strong) mey start as chiral
gauge interactions with (V-A) and (V+A) currents coupled to distinct

massless gauge mesons XL and XB with equal coupling strengths

fL and fR . Parity conservation would hold only provided

épontaneous symmetry breaking arranges itself to lead 1o (XL + XR)/JE

&s.the eigenstates of the gauge meson mass matrix, These, as Well as

aelternative possibilities with XL and XR being eigenstates, may be
realized in the context of theprodigal model discussed in Appx.Il.

Some relevant tests have been suggested in a recent note by M.A.B. Bég

and G. Feinberg, Rockefeller Univ, preprint, C00-2232 B-52, 1974,

For example, I.I.Y. Bigi and J.D. Bjorken in a recent paper (SLAC~-PUB-

1422, 19T4) have made the assumption for a number of their considerations

that all quarks are involved in anomalous lepton-hadron interactions

"with the same strength. This may appear difficult to arrange in a

normalizable gauge theory‘and in any case it is dot permissible iﬁ
our scheme. Due to this difference, there are significant guantitative

differences with regard ito deviations from scaling with our without
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scalar L4-Fermion interaction. {see remarks later).

11) However, 1t should be remarked that as yet we have not been zble to
construct a model in which e  is non-strange (as in (i)) and at the
same time the anomslous X-interactions are relevant at SPEAR energies.
The other two choices with e strange are realized in realistic

models (see Appx. I).

12} In general, in this case, one may sllow (V+A) as well as (V-A)

interactions with different strengths.

13) A phenomenologically minded reader may have reservations on the
Precise values of these constants, dependent as they are on parton

model considerations.

1k) Sinece only the n or the A-quark is coupled to e wvia X , one
obtains the same result for q, =n or A Note also that the
resuit, in this case, is the same for the fractionally charged quark
(i.e. electric charge —[e[/B for all three colours) or the integer
charge quark {i.e. electric charges (-1,0,0)|e| for the three

colours f(a,b,c))..

157 In models with integer charge guarks, the colour-octet of gluons carry
electric charges (see Ref.l), which should also contribute to pYY(S)

above the "colour~-thaw' threshold.

16) Formula (7) will need modification if new chanmels involving charm and/or
colour open at some intermediate energy. This will medify the l-pheton con-
tribution to ch(s) leading to a threshold behaviour over a range of energy’

followed by an increase in I Qi sufficiently above the threshold.

17) A still higher value of ZQ? like 6 corresponding to three quartets
of integer charge gquarks with both cclour and charm having been
excited appears not to give a good fit to the e_e+—annihilation
date at lower values of centre-of-mass of (energy)2 like s =17 to
10 (BEV)2 .

18) These would include masses of Higgs~particles of the light variety
{5 ~ 10 BeV), which do arise in our theory(see remarks later, Footnote
37). To study the energy dependence for the light-X-case, we have
considered & simple example of an X-mediated box diagram for
e” v e o+ O, where ('s are spin-zero objects, in the region

mi s ézfz,where mq is quark mass,and find a dependence of the

: 2
.tybé EE [%? Egi. + 8§+ & Vg } , i.e. less steeply rising than (7).
k 3 5
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Sce, fur coxnuple, J.b0. Dlorken, "hish Lronsverie wemcnbol Drecesses

talk given at the 2nd Alx-en-Provence Conference, 1973,

. . _
If the muon is coupled to the A~quark, the ratio of {(u N/u N) cross-
sections 1s expected to remain unity for all q2 and w if

fl(x) = fx(x) within the nuclecn for all X .

We should emphasise that there is no compelling reason (in the absence
) - +

of an experiment of the type W + U - hadrons) to assume that the

muon is involved in the anomalous interaction with the same strength

as the electron.

The contribution of the vWS—term may be eliminated by combining
+ -
{e p) with (e p) data.

We thank C.H. Llewellyn Smith for emphasising this point to us.

This point has been independently noted by A. Soni, Columbia University
preprint, C0-2271-38, l??h. 7 '
Thig was kindly pointed out to us by G. Feinberg (private communication)
and has been stressed in a recent paper by.M.A.B. Bég and G. Feinberg
{Retf.9). As discussed in the text, the conclusion drawn in this

paper appears to be overstated in the context of cur models. This

is because in our gauge models the electron is NEVER coupled to the
proton - a restriction which Bég and Feinberg do not impose.

For & recent review see 3. E. Lautrup, A. Peterman and E. de Rafael, Phys.'
Reports 3C, 193 (1972) and review talk by N. Kroll, 3rd Int. Conf. on Atomic

Physics, Boulder, Colorade (1972)-~UCSD-10P10-110.

. 0 + - . .
The possible significance of T - e e ~decay for our considerations

hes been emphasised to us by M. Gell-Mann and C.H. Llewellyn Smith znd has

' been discussed in two recent papers (Ref. 24 and Ref. 28, see below).

There appears to be an incorrect statement in Ref. 24 with regard to
contributions from (V+A) and (S-P) covariants in the starting Yukawa

interaction. ‘
J.D. Davies, J.G. Guy and R.P.K. Zia, Rutherford Laboratory preprint

R1~74-092, 1974 ; also C.H. Llewellyn Smith (private communications).
n - e+e-—decay is discussed in Ref.10, See, however, remarks on the

velue of hp in the text.
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30)

31)

32)
33)
34)

35)
36)

37)

38)

N. Barash-Schmidt, et al., Rev. Mod. Phys., 1 April 197k.

This has also been noted independently by H.S. Mani (private
communications}, A. Soni (Ref.2i), and Bjorken and Bigi (Ref. 10).

See Ref.2h for evaluation of these coefficients in some specific cases.
J.H. Christenson et _al., Phys. Rev. D8, 2016 {(1973).

See, for example, remark by J.D. Bjorken at the 17th International

Conference on High Energy Physics, London, July 1974,
We thank Professor L. Lederman for ithis remark.

2 i 2
This is, provided £~ is large (i.e. £ /hm v 1). See, however,
remarks later.

Of course, even in the basic model, it is pessible that Higgs-scalars
may provide the desired anomalous lepton-hadron interactions. Some
specific possibility of this kind (involving s-channel exchanges in
e_e+ + hadrons) has been suggested by T. Goldman and P. Vinciarelli,
SLAC-PUB-1L0T7, 197L. If experiments establish & predominantly
scalar-pseudoscalar interaction (possibly through polerization measure—
ment mentioned by these authors and in Ref.10), it is worth rémarking
that the pseudo-Goldstone particles of masses 5710 BeV or their
composites with each other or with the X's in our basic model could be
the objects which are the relevant ones. Scme of these particles
would have the guantum numbers of X-particles. For a discussion of
the pseudo-Goldstone particles in dur basic model see D.A. Ross,

Imperizl College, London, preprint IC/73/19, 19Tk,

Such a low effective coupling in the X-subsector together with
(perhaps) & larger effective coupling in the SU(3')-sector (giving
rise to low energy "strong" intersactions) may well arise due to

finite reaormalization effects following spontanecus symmetry breaking.

As pointed out in a -general context in Ref. 1, the effective
coupling of X-mesons need not be identical to the coupling of
the SU(3")-colour octet gauge mesons, even though these latter
particles belong to the same 15-fold of SU(4') as the X's.
This is because (finite) renormalization effects following
spontaneocus symmetry breaking is likely to affect these various
particles differently. We plan to investigate this question in

- detail in a subsequent note. As regards the coupling in the SU(3')—~

sector, a recent estimate, theugh crude, suggests that the effective

=3~




39)

40)

L1)

]
o Y

coustat 1 W /4T rencrmallized at the mass W= 2 BeV mey be as
small as 1/i0 {(H.D. Politzer, to be published). These estimates

apply to our schenme.

All effective constants may approach the value = 1/137 at sufficiently
high energies in & theory with universality of coupling constants,

is an idea suggested recently by a2 number of authors iﬁ the interest
of complete unification of all interactions , see, for example,

E. Georgi and S.L. Glashow, Phys. Rev. Letters 32, 438 (197h);

~ H. Fritsz and P. Minkowski, CALTECH, preprint,. 197k, Cur schene
- may be imbedded in a bigger group (like SU(16)) to achieve

wniversality of coupling constants.

Note that the heavy lepton search based on vu~induced reactions
(see for example, B.C. Barish et _al., Phys. Rev. Letters 32, 1387
(197h) ) applies to the heavy lepton M introduced here only to the
extent of the Cabibbo rotation (eu) in the (n',A') and (u.M)
spaces. The amplitude_for Vu - M o+ W is proporticnal to

si_nBu (see remarks later).

A second anomaly-free interaction could be written down with the

form:

+ F 7 .
£V (Fop Fop * Fg Fp) + £V, (Fp Fp + Fp Fop)

1

Here, spontaneous symmetry-breaking must be arranged to guarantee that

it is (Vl + V2) and (Vl - V2)

are vector and axial-vector, respectively.' [Strietly spesking, one

, Which are the physical particles and

needs to arrange that parity is conserved at ieast in the SU(3')
sector, i.e. (Vi(ﬁ) t VE(Q)) are the physical particles, leaving the
the possibility that in the X-sector the interactions are still chiral

and parity violating with X. and X2 being the elgenstates. We

1
do not exhibit this here but have verified that such patterns of mixing are
obtainable thfough.HiggS-Kibble mechanism. One distinect advantage of

this version is that it is y_-invariant in the X-sector {in contrast

S5 '
to our basic model or the prodigal model (Eqg.(A.L4))). This may help
preserve the masslessness of L—component neutrino (ve and vu) without a
necessity for introducing the L-Fermions (see the second paper of

Ref.2, Sec.5.2). Furthermore (due toc Y_-invariance), it also depresses

contributions to the anomalous magnetic mzments of e and Y from
lighter mass X-exchanges.” (See remark in Ref.l, Footnote 8).

This fact is reflected in Table IV. In this version, the two types
of’ quarks (both necessarily integer or fractionally charged for parity

conservation) mutually interact through (at least) (Vl(8) + V2(8))
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angd (Vl(g) -~ V,{8)) rields. Normsl hadrons may still be assumed to

be predominantly e-quark composites with p=quark ccomposites lying

higher due to the heavier mass of the U=-quarks. Small admixtures of
(A'A") with () (for example) are of course harmless.

L2)

43)

L)

45}

3

If both types of quarks qe and_qU are Integer charged,

the charge formula recedves symmetric contributions

from SU(L), SU{h')e and SU(l&')u generators. The SU(3') octet of
gluons Ve(g) must mix with Vu(g) to generate the photon. Remarks
made earlier (see end of previous foctnote) with regard to composition

of normal low-lying hadrons would apply here as well,

Once again, we have verified that such a mixing can be realized through
the Higgs-Kibble mechanism, The scalar multiplets necessary for this

purpose and their potential are simple generalizatims of those

_presented in Ref.2 for the case of the preodigal model with two different

SU(L') groups. These may be presented in detail elsewhere.

Note that the mass of the singleﬁ SO can be made as large as desired
compared with the masses of the exotics oy by introducing reducible
Higgs multiplets of the type (1,1,4:x 4 x 4, 1) to generate Vl

masses and (1,1,1,4 x 4 x 4) to generate V, masses. This

could then ensure the possibility that neutrinc interactions mediated
by SD are not wnduly enhanced at present energies, while electron
{and possibly muon) interactions with hadrons mediated by X's are
enhanced to the extent observed at SPEAR. As noted in Ref.2 (second
paper), Sec.k.5, large reducible multiplets such as mentioned above
are also needed, if one desires to give masses to the SU{3') colour

octet of glucns in a model with fractionally charged qusarks.

Of course, in general, one may alsoc allow Cabibbo rotations for Fe

and Fu to be different, which will lead to the cocupling:

WL{p(n cos_ + Asinﬁe) + ve(e cosd  + E smnBe) + \Ju(}icosﬁu + M 51n8u)] .

This will lead to 1y decay versus B decay constants to have the ratio
coseu : cosee , while X - ev versus T =+ ev constants to have the
ratio tanee , etc. Note that such rotation of leptons (with e and
4 belonging to different colours) do not affect the rate of p~+e + Yy

decay and the 2-neutrino experiment.




46) Noting that nO primarily decays ithrough neutral modes, this may
provide an ingredient to explain the sc-called energy crisis. See,
for example, C.H. Llewellyn Smith, CERN preprint TH.1849, 197hL.

Note (since (AA) densiéy relevant to the case of the strange electron
is isoscalar), the physical ¢ and n° production in e”e’ + hadrons
at higher energies must be accompanied by at least 2-pion productiocn or.
other multiparticle states to balance I-spin and energy-momentum

conservation.

L7) This formuls, in this generalit&, is due to C.H. Llewellyn Smith,
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TABLE IV

Summary of the Main Results+ (for the Heavy X-Case with € = 1/50)

1A ("vector"-X)

IB((VV + AA)-Eff.Int.) II ((V+A(V*A)-Eff. Int)

B L

P i hd

VI TR AN

"'BE-

9e LA qe = A qe - #‘ 9e T A qe =n % © A
e+E 2 |
ep (4 = 715
1.18 1.0 1.43 _ 1.0 1.62 1.0
E =13.9 6 = 50°)
"Violation of Scaling" i

(q? = -25, w = 1.5)

In MWl 147% < 5% 0 0 0 0
In W, 137 < 5% 50% < 5% 80% < 5%
HFS—Splitting' _2 x 0 -4 . 0 -4 « 0

(Parts per million)

o + - _ _ _
Tree (hﬁ/mn)z(SXlO 4) = 0 2.5 x 10 8 = 0 2.5x10 & . 0
(Branching Ratio)

Anomalous mag. Need Mq to be small+T suppressed4l) suppressed

mem. of e and U

For details and necessary qualifications, see text. Values of q2 and £ are in units of (BeV),

T?See Footnote 8 (Ref. 4)




