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ABSTRACT

Although the standard gauge model of weak and electromagnetic
interactions based on the work of Salam and Weinberg has met with great
success, there are experimental facts that will require its extension

or its modification to a new gauge model; we refer here to the dis-

. covery of a heavy leptdn at SLAC and to the absence of périty violation

in atoms that is expected from the neutral weak current coupling to
electrons. We propose 3 tests that bear oﬁ fhese questions.

First, we consider heavy lepton production in e+e- annihila-
tion when one 6f the incident beams 1s longitudinally polarised and
we examine the purely leptdnic decay of this heavy lepton. An asym-
metry in the inclusive anguiar distribution of one charged lepton
(electron or muon) will be importanf in determining the structure
of weak interactions of the heavy leptén. In fact, this angular
asymmetry will easily distinguish between the cases V - A and

V + A for the heavy lepton current.



Then, we consider the decay chammel L - vr + one hadron

a5

(L = heavy lépton) under the same experimental set-up, and examine the
inclusive one-hadron angular distribution. Parity nonconservatién
in the decaj of the heavy lepton will cause a conspicuous forward- v
backward asymmetry in the cos 6 distribution ‘of the inclusive
hadron spectrum near the high-energy end that can be distinguished
easily from other sources of asymmétry. It will be easy then to dis-
cover the chirality (V- A or V + A) of the heavy leptoh current.
Finally we propoée a test which will provide unambiguous and
clear evidence for parity violation in e+e— annihilation. It |
cbnsists in measuring a possible left-right asymmetry of inclusive
hadron production with highly transversely pélarised e+e- incident
beams. If observed, this asymmetry will provide evidence of a

parity violating neutral current coupling to electroms.
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INTRODUCTION

Probably the most significant development in theoretical
particle physics in the last few years has been the gauge theories.
These theories have solved many longstanding difficulties in the

weak Interactions. Not the least of thelr attractiveness is that they

allow a unification of weak and electromagnetic interactions.

Already, as far back as 1957,.Schwingerl‘had proposed a
unification of weak and electromagnetic interéctions. Later Glashow2,
Salam and Ward3 and others attempted the same. It is true that there
are many properties commdn to weak and electromagnetic interactions.
Both obey a universality principle; all weak processes seem to
occur with the same strength described by the universal Fermi coupling
constant GF ‘and all electromagnetic processes involve the universal
charge of the electron e. Both weak and electromagnetic currents
are Lorentz vectors. A very important step towards unification was

4

taken by Feynmann and Gellmann  with their "isotriplet vector current"
hypothesis, namely that the isovector part of the hadronic electro-
magnétic current is the 3rd component of an isovector whose 1lst and

2nd components are the strangeness-conserving polar vector hadronic

- weak current and its charge conjugate.



On the other hand, there are important differences too. Weak
processes violate parity and charge_conjugation maximally while
electromagnetism conserves these quantum numbers. Furthermore, one
'interactidn (electromagnetism) has an infinite range because of the
massless character of the photon while the other interaction (weak)
seems to have-éero range experimentally. Up to now, the point-like
current-currenf interaction sucéessfully describes all observed weak
pfocesses and no propagator effect of a weak intermediate boson
| [the mass of such a boson being essentially the inverse of the range
of the interaction] has been observed. The lower bound for the
weak boson mass has been set at 20 GeV in the neutrino-inclusive
reactions.

If one wants to replace the cufrent-current weak interaction
by one involving an intermediate boson W”, then one must have ap-

proximately the relation

between the dimensionless coupling g and the Fermi coupiing Gp with
Mw being the W mass, In a unified theory of weak and electromagnetic
interactions, one must have g ®.e so that

2
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spontaneous symmetry breaking.

One obtains for the mass MW

M, N 50 GeV

which is well above the experimental lower bound. What kind of theory

then would have massless particles and particles with 50 times the

 mass of the proton in thé same family? And the answer came from

It was discovered by Goldstone and elaborated by others

ﬁhat the noninvariance of the vacuum under é continuous symmetry of
the Lagrangian [this is called a spontaneously broken symmetrw']
implies the éxistence of massless scalar’bosons, the so~called Gold-
stone bosons. But Higgs7’8and others showéd later that when the
broken symmetfy is a gauge invariance, something totally different
happeﬁs: the would-be massless Goldstone bosons combine with the
would-be massless gauge bosons with two transverse polarisations

tp produce a set of massive vector bosons with three polarisations .

All the neceésary ingredients being then available, Weinberg ¥

10
‘and Salam were able to build the first successful unified model of

weak and électrbmagnetic interactions for the leptons. The hadrons
were incorpérated in 1970 by introducing a charmed.‘quark.11 t-Hooft's
probf of the renormalisability of these nénabelian gauge theories with
spontaneous broken symmeﬁry.12 put nonabelian éauge theories at the

forefront of physics, where they belong.



There exists now a multitude of gauge models for the weak
and electromagnetic interactions where leptons, quarks, intermediate -

vector bosons proliferate freely. There exists also a nonabelian

-

gauge theory of strong interactions which many believe to be correct.

The motivation for such a theory comes from the observation of Bjorken
13

scaling in deep inelastic lepton-hadron processes. It was recognised

that only an asymptotically free-field theory could explain such a

15 proved that non-
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behavior. Gross and Wilezek14'and also Politzer
belian gauge theories aré asymptotically free. Then it was shown
that no quantum fiéld theory which does not include nonabelian gauge
fields can be asymptotically free.

There exist even unified gaugevtheories of strong, electro-
magnetic and weak interactions; bﬁt these, being much more ambitious,
are on less secure grounds. And, of course, it has been known for a
long time that Einstein's theory of gravitation is a gauge theory.
Thus all interactions seem to require the concept of gauge symmetry
which has acquired a central place in theoretical physics today.

In this work, we. will be interested only in weak and electro-
magnetic interactions. We will now review the success of the standard
model and point out the new experimental discoveries that seem to re- *
quire its extension or modifications. The standard model of Salamll
and Weinberglo is based on the gauge group SU(2) ¢ U(1). It con-

tains four gauge bosons: the massless photon interacting with the
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e

electromagnetic curreht, and 3 massive weak bosons, one neutrai (Zo)
and two chérged (W+ and W ) each coupling to its appropriate current.
The theoretical lower bound on the mass of the charged weak bosons is
37.3 GeV, well outside the reach of present-day accelerators.

The fundamental fermions representation is as follows:

N\ «
v \Y \ u N\ /e
€ - H } \ and ( _ k
e” /L /L 4, 'L V% L
eR uR up dR SR c

A11 left-handed.components (L) are isodoublets of the weak SU(2)
and all right-handed components (R) are isosinglets of SU(2)
except for the neutrinos Ve and vu which are messlessvand_purely
left-handed. d,, s, are the Cabbibo Totated quarks d,

= d cos ec+ssin ec a.nd sc=-d sin 60+scos ec, The first 3
doublets describes very well all known charged currents up to 1975.
The motivation for the last doublet involving the charmed quark c
was iﬁfroduced first on aesthetic considerations (symmetry in lepton-
quark).17 It attained its full significance in 1970 when Glashow,
Iliopoulos and Maiana 18 showed its usefulness‘in alleviating the
problems of strangeness-changing neutral weak currents and higher
orders of weak interactions; that is, it is the simplest and most

elegant extension of the usual quark model (with u, d, s quarks only)



‘that will not violate the extremely small experimental bound on the
strangeness-changing neutral weak process KL > u+u—, while at the
same time being iniagreement with the vefy small KL - KS mass differ-
ence. The recent discovery of a new family of hadrons (¢) with the
subsequent discovery of what appears to be charmed mesons 2 years ago
has made charm part of the standard folklore in weak interactions,
although it is.not as fully examined as the old quarks and leptons.

19

According to the latest experimental results in -e+e- annihilation

the charm changing current is consistent with the above form

¢ (-d sin 6, + s cos ec) =c s, *
The conclusion then is that all charged weak currents are
consistent with the standard model. Let us now consider the neutral
weak currents first-discovered at CERN in 1973.
(1) First there seems to be no off-diagonal flavor-changing

neutral weak current as required in the standard model:

sd or ds currents are suppressed ;

this was the reason for introducing charm in the first place.

%u or uc currents are suppressed; absence of D®- D°

9

mixingl R where Dp, Do are charmed pseudoscalars.

Yo
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(2) Leptonic neutral currents have been observed

- - - - 20,21
> 9
\)u e u e y
v eo > v e '
Th Th ’
P oo~ » Y o R
e e

The existence of these leptonic processes appears to be

‘established and to have a reasonable magnitude. It is hard to draw

definite qugntitative,conclusions from the meager data, but the results
appear to be consistent with sin2 Gw < 0.5 where Gw is the Weinberg

angle, the only free parameter of the standard model.

(3) Deep inelastic neutral currents, inclusive reactions
v+Nucleoﬁs -+ Y+ hadrons ,
v+ Nucleons =¥+ hadrons .
There exist 3 measurements for these reactionszo’ 23, 24.
Assuming the quark-parton model, these measurements yield an estimaté

of sin® 0, between 0.2 and 0.4 -

W

(4) Elastic neutrino-proton scattering v > VD,

25, 26
Vup -> \)]Jp . ’

Although +the experimental errors are large and many as-
sumptions on form factors etc. go into the theoretical calculationms,

the measurements are not inconsistent with the standard model,



However, the limits on the Weinberg angle are not as restricting as
in the inclusive reactions results.

In conclusién, it can be said that all neutral-currents
experiments involving incident neutrinos are consistent with the ~
standard modei and point to a value of sin2 Gw of 0.2 - 0.4.

However, there exist now several reasons why an extension or
a modification of the standard model seems necessary. They are:

(1) CP violation: this extremely weak effect has been

known for more than 10 years. Some gauge models at-
tempting to explain it have been constfucted and we will
not consider it further.

(2) There are some indiéations for a new quark flavor besides

charm.27

(3) 'he absence of parity violation in atoms:28 the

tests carried out for atoms of Bismufh were sensitive to
the vector part of the hadronic weak neutral current
and the axial-vector part of the neutral current coupling
' to electrons. The present experimental evidence is
consistent with no parity violations in atoms; the
reported errors allow an effect of the order of 10% -

of that predicted by the standard model. However, the

P

interpretation of the atomic physics experiments could

be wrong since one relies on very detailed calculations



of the atomic wave fﬁnctions but some experts

29,30
¢ - o consider these calculations to.be reliable at least to

~ a factor of 2.

It is thus very important to try to measure these electronic
vneutral weak currents in an independent reaction and we proposé a test
to measure parity violation in deep inelastic electron-positron

annihilation in Chapter III of this work.

‘(4) There_exists now very good evidenée for the existence

| of a heavy lepton31 of mass 1.8 - 2.0 GeV. The proper-
ties of thié particles [1eptoh number, weak decay |
characteristics...] are very important as they will
influence crucialiy how the standard model has to be
extended. It will provide us with new insights on
the ultimately correct gauge theory pf weak and
electromagnetic inieractiqns. We address ouréelves to
the properties of this heavy leptbnvih Chapters I and

II.
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 CHAPTER I: He EVENTS IN ELECTRON-POSITRON ANNIHILATION

WITH LONGITUDINALLY POLARIZED BEAMS

The pe events discovered at SPEAR31 indicate the existence
of heavy leptons. Details of their decay properties are.of special
interest from the viewpoint of weak-interaction theory. At the
present moment little is known about their identity beyond the fact
that they decay into a muon or an electron through three-body decay.
The distributions of the collinearity énéle and the momenta of pe
are inéensitive to whether the weak current of.the heavy leptons is
V-A& or V+Aa.%23% 1t is rather difficult to distinguish between
V- Aand V + A through the collinearity angle and the momentum
spectra.

Meanwhile, large transverse polarizations have been obtained

at SPEAR in the vicinity of V5 = 7.4 GeV. It is expected that large

polarizations will be obtained more easily at PEP and PETRA.36 Since
transverse polarizations are not very useful for the
purpose of exploring weak interactions or parity violation,37 it

is desired to rotate one or both of the beam polarizations into the .

38

longitudinal direction. The parallel longitudinal polarizations
would be most appropriate for our purpose, but it is almost equally
useful if one of the beams is polarized longitudinally and the other

beam remains unpolarized or transversely polarized. We examine in

this chapter the angular distributions of muons and electrons in the



He events when one of the initial beams is polarized longitudinally.
With the initial beam polarized longitudinally, properties associated
with parity will manifest themselves clearly, for insfance,'in the

aéymmetry of the'angular distribution. This asymmetry in fhe emission‘
angles of muons and electrons is large enough to distinguish easily

between V- A and V + A for the heavy-lepton urrents.

/
I.1 The New Lepton Number

We must first of all discuss the lepton number assignment.
The new lepton L can be either of the muon-type, or of the electron-
type,_br else it can be a sequential heavy lepton with its own lepton

number and its own massive or massless neutrino vL.

(a) 1" = M has the same lepton number as W ;
in this case, the heavy lepton could be produced in deep inelastic
inclusive neutrino reactions and would subsequently decay rapidly into

a pure leptonic final state, amongst others.

\)u 4+ Nucleons — M++ énything

+ .
+5 v _
WY | (11.1)

The nét‘effect would be a "wrong-sign" muon in the final

state, compared to the normal reaction

vu-rNucleons + u+anything ' (11.2)
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_Barish et al.4l have set an experimental lower bound on the mass of
such a lepton. Assuming a reasonable branching rati032 of 30% for
the decay M > u+vuvu, and a weak coupling constant GM of M
equal to the usual Fermi coupling 6f u(QM = GF), they obtain
mass, + > 8.4 GeV . (I.1.3)
\
Conversely, assuming mass (M%) = 2 GeV, which is the experimental

upper bound méasured at SLAC, one obtains
2 2 ‘
lGl” < .o3lGp]" - (1.1.%)

Thus, if one assumes that there is no more than one new charged
lepton of the muon type, keeping in mind the univérsality of the

weak inteéactions, then the neutrino inclusive reactions (1.1) would
already_imply that the SLAC lepton cannot be of this type. But if
oné is willing to introduce more than one such lepton, then one

can bypasé the mass lower bound (I.1.3) set by the neutrino reactions.
For instance, in a unified gauge theory of weak and electromagnetic

interactions which has SU(2) as a subgroup, one would

Left-handed
have SU(2) weak isospin multiplets like

*
M cos § + M+ sin 6\\‘
A

neutrals

u ' Left-handed



*
where M is another heavy lepton and the small mixing angle 6

is restricted by (1.4) to be
0032 68 < .03.

However it is nice to know that the SLAC results themselves exclude
all such leptons independently of the neutrino reactions, as we will

- Ssee in a moment.

(b) LY = E' has the same 1épton number as e .

Since beams of Vo neutrinos are very hard to obtain,
the inclusive neutrino reactions have nothing to say about the
existence of this kind of lepton.

The most important fact about these types of leptons is, as~
~ suming the new neutral lepton v

L

alsoc massless, that the 2 neutrinos in the final state are idenfical

emitted in the decay of L 1o be

for some decay chanmnels. For instance in case (a) we have the

possible final state

+
L -~ u+v \Y

WL (I.1.5a)

where vL = vu

13
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and in case (b)

+ + ‘
L > evyv (T.1.50)

where vL = Voo

The Pauli exclusion principle forbids 2 fermions to exiét in
the same state which is insured by requiring the S-matrix amplitude
to be antisymmetric under permutation of the 2 identical neutrinos.
Consequently, not every 4 fermion coupling will be allowed in the
interaction Lagrangian and in fact most coupling constants in Eq. I2.1
below will vanish identically. Some configurations will be thus for-
bidden and the charged 1epton spectra will have some characteristic
zeros. As an example, the decay amplitude of L must vanish ét
the high-energy end of the charged lepton energy spectrum as we can
see from'Fig. I. Since the 2 neutrinos, which are assumed to exist
in a unique helicity state, would be in an identical momentum state.

Although the SLAC experimental data cannot discriminate yet
between identical and honidentical neutrinos on the basis of differen-
tial spectra, the measurements on branching ratios can eliminate cases
(a) and (b).

For example, let's assume that L+ has the same lepton
number as e-;‘ then the total decay rates satisfy: [we are assuming

that ve exists only as a left-handed v]



Fig. 1

XBL7711-6984

15



+ + , _ + +
I(L" »eyyv,) = 20(L ‘*“"u"e) | (I.1.6)

Eqﬁation (I1.6) can be understood as follows: .the electron anipli-
tude is twice the muon amplitude because of the extra contribution
coming from the permuted identical neutrinos, and the permuted
amplitude contributes as much as the direct amplitude. Squaring the
amplitude'would give a factor 4 in the rates except that we must
divide by 2 to avoid counting each neutrinos twice. So thén, in the

_SLAC experiments

e'e” —— L L— v | (1.1.7)

-

(where £ is the lepton e or u), theory predicts if Vp = v

v JL\’L

e

from Eq. (I1.6)

and 1 (1.1.8)

16
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If instead, v, = vu the ratios (I1.8) would be interchanged.
42 '

The experimental results™ are:

for 4.8<ECM'<6.8 GeV Reed = g x

) (1.1.9')'

for 6.8 <ECM< 7.8 GeV o) - .59

I+
(V)

—(——yg(ga) = 47

+
N

It is true tﬁat there are large experimental errors, but
even then the cases (a) and (b) of identical neutrinos {QL =V
or Vv =V, respectiveiy} can be rulgd out with some confidence.

In all other cases (c,d,e below), the final neutrinos
in the decay of L are nonidentical; consequentiy there are no
restrictions on the 4-fermion coupling due to the Pauli exclusion

principle. If there are no neutral currents contributions, then

the theory predicts for these 3 last cases:

I‘(L.-> evL\)e) = I’(L#uvau) (I.1.10)

u

17



80 we get

- 1 :
=3 _ (I.1.11)

This is perfectly consistent with the experimental results (I.1.9)
Furthermore, when the experimental errors can be made sufficiently
small, one will be able to conclude from (I.1.9)that the neutral
currents contributions, if any, are small, because of the near
equality of the electron and muon ratioms.

Assuming the conserved vector hypothesis (CVC), asymptotic
chiral SU(B)Q the partially cénserved axial current hypothesis

32

(PCAC) and other standard lore in weak interactions, Tsai has

estimated the branching ratio

(L ~» vLeve)
T > all) = 33% ~ for identical neutrinos
VL =V, s
= 20% for nonidentical neutrinos

and no neutral currents

contributions to this decay.

18



The SLAC experimental results, obtained by assuming the

equality of the 1L decay rates to electrons and muons, V - A

43

coupling, and mass (vL) = 0, are

(L +evv) (LT > uvv)
- Le’ - . LU - 0.18 + .0%.
I(L7 + all) (L™ + all)

Again, thisvis consistent with the theoretical prediction
for nonidentical neutrinos, and also seems to indicate very small
neutral currents.contributions.

Iﬁ the rest of this work, we will assume that the neutrinos
in the decay L —+ lvva are nonidentical, and so as we said, there
are 3 possible lepton-number assignments, although tﬁe calculations
in this work are independent of which case isvrealised in the actual

world.

(e¢) L™ M~  has the same lepton number as u .
Then the simplest weak isospin multiplet in a unified

gauge theory with SU(2) group is

AN
A
\

Yoo \ (1.1.12)

U cos 8 +M sin 6 // Left-handed ,

19



We would have to introduce an equal mixing angle and a new
e -type heavy lepton for the electron multiplet and also for the quarks

‘multiplets to explain the universality of weak Fermi coupling.
bt

C. H. Albright™ has shown that the deep inelastic inclusive

~ neutrino reactidn'
v wo M +anything

would rule out such a lepton provided that it couples to the same
left-handed neutrino vu - with the same strength as the muon. In
terms of our model (I.1.12) of multiplet, this would mean that the

mixipg angle 1s such that

|cos 8] > |sin 6|
or

|tan 8] < 1

In effect, this meéns that 1f the new lepton is of this
type, it has a smaller coupling to vu than the muon. An interesting
fact about this type of lepton is the possibility of neutral off-
diagonal currents; but we will treat these kinds of currents in the

similar case of (4d).

!
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(d) L” = E  has the same lepton number as e .
. _ This case has been analysed in some details by Ali and Yang45.
‘The most interesting characteristic of this case is the possibility

of neutral currents giving rise to the decays:

LIm » ewn’
. VIRV : I.1.
L +e\)uu, ) . (1113)
L~ + e +hadrons,
L- + evwv .
e'e

The last reaction can also occur via charged currents. Hence,
the relative rates of L = u-vuve and L - e Vv, Wwill be
different, because of the neutral currents contribution to L ~»
> e—veve.

However, S. Glashqw and S. Weinberg call these gauge models
unnatural and unaesthetic. They much prefer the so-éalled natural
gauge models in which all the neutral currents are diagonal with re-
spect to particle identities. This would mean for instance a neutral

cuirent of the form:

L yu{a + bTB} L



22

only, where L 1is the heavy lepton quantum field. In these natural
models, none of the decay processes above in (I1.13) would ocecur,
except for the last reaction which would be caused only by charged

currents.

The SLAC data, although involving large experimental errors,

is consistent with
(L » ww) = T(L =+ evwv)

which means either that the underlying gauge theory is a natural
one, or if umnatural, that the neutral currents contribution to L
decay is small.

One other signature of this type of lepton in an unnatural

gauge model is the 4 charged lepton production mode:

+ L+-_—\L

+
+ U+ neutral

| &—

e e

or effectively

e e -+ U eee + neutrals
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This has not been seen. It is hoped that the uncertainties
in the data ean be eliminated or decreased soon so that definite

conclusions can be reached concerning this case.

(e) Finally, the case of the sequential'heavy.lépton Lf =1,
in which L has a new lepton number with its own neutrino.
In a gauge theory with SU(2) group, the simplest weak

isospin multiplets are

In this case, the théoretical branching ratio

F(L ~ evevL) .
I'(L +~ all) '
. olee) _ o(mu) _ 1
and the ratios a—e—ﬁ-y E(—e-iy = ) exac‘tly.

These are perfectly consistent with the experimental numbers.
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I.2> Angular distribution of ue éevents:

The distributions of the collinearity angle and the momenta

32-35 but they can reveal little

have been calculated by many people,
of the structure of weak interactions. Being interested in parity-
violation effects in heavy-lepton decaye, we calculate here the
asymmetry in the cos 6 distribution of muons and electrons in the
final states of the He eveﬁts (see Fig. 2). The same asymmetry in
inclusive muon (electron) production might serve our purpose, but it
would be largely contaminated by the muons (electrons) due to charmed
hadrons by the muons (electrons) due to charmed hadrons or other
heavy hadrons stable against strong and electromagnetic decays. To
make sure that final light leptons originate from heavy leptons, one
should select out the ue events with no accompanying hadrone.

The interactions for heavy-lepton decay is written in the

Fierz-transformed four-fermion form as

L = (Fg¥p) [F,0(05 + Cov, Wyt

* (B )[Ry ey + cyvs oy, ]

* %‘ (999, Y1) WvLc’)‘K(CT ¥ C."rYs) "’vz]

(Equation I.2.1 continued on the next page)
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: | - N "
: * Y [Ipy Ys(Cy + CyYs )
- (I.2.1)

+ (Vg s¥p) [dj\,LYJCP + C;Y5)w§)2],

where wz and wvl are Dirac fields of a light lepton (1 or e)
and its neutrino, wL and‘:va are Dirac fields of a heavy lepton
and its neutrino, and the convention of the Y matrices and the

metric tensor is the one that is found in Ref. 39. As is usual,40

we define -
a = Joal? +los]? +lc, 2 + Jenl?
S S P P!’
2 L 2 2
R e i N AR A
2 t2
e = logl? +logl?,
(I.2.2)
- 2 ' 2 1.2
R N L N e Y M
- - B 2 1.2 5 12
" | B = ICV, +|Cvl - ICAl 'ICAI P)
4 t LE" t ¥ *.l ty
a = —(CSCP + CSCP + CSCP + CS CP) s -
1 _ Ty ro% *v 1y
b = CVCA + CVQA +_CVC + CV CA’

(Equation I.2.2 continued on next page)
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1 1% % 1
c = -(CTCT + CTCT),
1 ™ 1 % %1 1y
& = -(CgCp" + CgCh = CgCp = Cg Cp)
o 1% ' % % 1 '
B = Cyly + Gy = CyCy = Gy Cy 5

and also
AO = ‘a + 4b + 6c,

p = (3b + 6c)/A,

v (1.2.3)
£ = (-3a -4b + e VA
5 = (B - 6c )AL -

If the heavy-lepton current is V - A prior to the Fierz transform,
one finds that p =6 = g- and £ =1. If it is V + A, one finds
thét p=8= 0 and & = 3. In‘either case, n =0 . In the present
paper the mass of the neutrino associated with the heavy lepton is

assumed to be zero.



Let us first calculate for the process in which the electron
beam is polarized longitudinally along its own momentum (as a vector)
with the positron beam transversely polarized. We consider the
angular'distribution of light leptons of negative charge in the final
states of such a process (Fig. 3). The other cases are obtained
frivially from this case. Only the one-photon annihilation is taken
into account. In computing the differential cross section'wev.

_ follow the method of Tsai32 modified to a manifestly covariant form.
The L+L_ production cross section with L'L~ polarized

arbitrarily is given in the ete” laboratory frame by

2
do o B
et = w (I.2-4)
dQL (D
W= oW+ @, v o(m?) (I.2.5)

W, = .2.[(1D “k)XP *k )+ (P kNP * k) +%q2M2”1 ~(s*s) -

s+ P )s + P)+ K58 ) - (s k)s -+ k)4

27

(s-x')s »w]+2as-p) (ox)s' v x)+ (P k') K]

£ (s p)[(p' ck)s +k )+ (P +k )s - ],  (1.2.6)

My -qu{(s ck)+(s +k)-(s+k)-(s = k')] (1.2.7)
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- where
@ = magnitude of e e  beam polarizations,
su(s ) = four-vector polarization of _Lf(L+),
M = mass of L% (I.2.8)
t . -
Pu(Pu) = four-momentum of L (L+),
H -—
ku(ku) = four-momentum of initial e (e+),
1
B = [Pl/p,, and q = k+k.
' +
The differential decay rate of L~ 1is given by
p L . A" + (s * p)B” (1.2.9)
0 3

for 1  and by a similar expression for L' with A~ and B~
_replaced by A+ and B+. Here p is the four-momentum of the

light iépton. In the approximation of ignoring the square of the
" light-lepton mass, the covariant decay amplitudes A'Jc and Bi

are given by

3mM M y
+T”<5 - M/ , (I.2.10)

.3
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B =F -——:Fr—

-0+ 53]

The final phase volume is fully integrated over L+, so that

where y = (p * P).

1
the s -dependent terms in (2.4)-(2.7) do not contribute to the
differential production cross section po(dO/dBp). The spin depen-
dence of L in dU/dQL and po(df_/d3p) is correctly included

by putting them together as

Y = WA -(p-W,)B
° ep (S

(I.2.12)

where Wl and Wg are defined as

do _ a%ﬂ
oo (?)

[wl + (suw“) + (s w“) + (5,8, w“ ]

+ -
where r is the branching ratio of L~ into o 4 vﬁ(vz) + vL(vL),

I'  1is the decay rate in the e+e— laboratory frame of L + & + Vo *Vp

integrated over the entire phase volume, and 5 is defined by

D - P, - Pu(p - PP, (I.2.14)
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Equation (2.12) is int‘egréted over dQL with T kept fixed.
Measuring the solid angle of _l? with respect to B, one can integrate
over the azimuthal angle &. The polar angle @ should be replaced
by a new variable y = (p * P) = pPo(l - Bcos @) + O(m2). The rggion
of integration over y is restricted by |cos@®] <1 and 0 < (P- p)2

< (M-m)'2 to

.Max (mM, Tfﬂi)sys;rﬁn <-12-M2, i’d\_fj (I.2.15)

up to O(m?).  We thus obtain

2.2
do = - 1605 [(1 + cosze)Gl(X) +(-§- c0326 - %)GZ(X) -
dx d cos 6 q™(1 + 4mn/M) ' -

- 28Pcos 0. GB( x,)] (1.2.16)

. .
where x = |pl/k., v = PO/M, 0 is the emission angle of the light
lepton £ measured from the direction of the electron beam momentum

>
k, and

G (x) = <l +

+.% ,nE fl(x) -%fz(xﬂ} (1.2.17)

1 3 1 1 1 -,
2Y2> {[E f(x) - 3 ji.‘B(X)] + p[—g fz(xv) + §f3(x)]

P



; = 1 o+ + i L - +
x) = 2 [ £4(x) 4<x>J xf[m £,00 - A= 5y(x)
1 1  1. 1

Gé(x') - X{%— £,(x) - %— fZ(X)] + 8x [- £,(x) + fZ(X)J
1 1 1
[ iz fZ(X) + 24 f (x)] ';'Y-Z'[Zg‘ f3(x) - f4(x)} +

1 1 8
' 5[@’ fx) -5 f3(x)] - [ % 3(") ‘o 4("))

(I.2.19)

- S
g0 = <Miz) {ymax Bx) -y, n(x)]. (I.2.20)

In Eq. (2.20), Vmax (x) and ymin(x) stand for the upper and lower
limits of integration as given in (2.15).

We write the production cross section of light leptons in the

form of

do

— = rzo (e+e- > u+u_) R( x; cos2 8)
tot .
dx 4 cos O

[1 + a (x; 0082 8) P cos e] .
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The integral of R(x; 0032 B8) in cos © and x over the entire
physical region tends to unity as Yy =+ ®, thus leading to
Cgot(e+e; >L'L7) > otot(e+e* >u). |

If one measures the emission angle of 8" 1instead of £
in the process under consideration, one should replace the polarization
L vy -P. Thé same switch of sign should be done when & is
measured in the annihilation.of a transversely polafﬁzed electron
beam with a positron beam polarized longitudinally along the positron
beam momentum (opposite to the»eléctron beam momentum). The formula
(I.2.21) 1is valid in the case that 2" is measured in the anni-
‘hilation of a transversely polarized electron beam and a positron

beam polarized along its own momentum.

I.3 Numerical Estimate

A numerical estimate has been made for the magnitude of the
cross section in terms of R(s;cos2 ) and fér the asymmetry
a(x; cos;2 ©).. Both of these quantities are dependent on the veloc-
ity of L . We have plotted in Figs. 4 and 5 the results for the
V-A and ‘V + A currents provided that the (Zvl) current is
always of V -'A. For M2 2.0 GeV, R(i;cosz ) and A(x; 0032 9)
are insensitive to the light-lepton mass even near x = 0, so
we have drawn the curves for m = m, = 0. General behéviofs of R
and o are rather insensitive to values of Yy as long as Yy is

larger thah 3 or so. Unlike the collinearity angle or the momentum



v
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spectra in the annihilation of unpolarized or transversely polarized
beams, the asymmetry o will distinguish V - A and V + A clearly.
The magnitude'of.the asymmetry tends to unity at cos 6 =*1 and

x =1 as y >, as is expected from helicity conservation. The
magnitude'of the cross section approaches zero as x # 1 since LJI
decay into threé bodies. To obtain the maximum efficiency, one

should. choose the region

0.4 X x % 0.6 ©(1.3.1)
or possibly

x £ 0.05, | | (‘1.3..2)
and stay in tbe forward-backward cones of, say

|cos 8] X 0.5. | (I.3.3)

Ih Fig. 4 are plotted the cross séction in terms of quantity

R(x; cos® 0) and the asymmetry ofx; cos® 8), both defined in
(.2.21), as functions of x = Igl/kov at y =2, 6, and 10. The
cos O dependence of o has been shoﬁn in Fig. 5. Finally, fixing
values of x at 0.5 and 0.05, we have plotted the vy dependence

of o between Yy =2 and ¥y = 10 in Fig. 6.



' 1.4 Comment

Semileptonic decays of charmed hadrons or other heavy hadrons
stable agains strong and electromagnetic interactions can produce
pe events, butvthe criterion of selecting the ue events with no
accompaﬁying hadron, charged.or neutral. (except for Kg), in final
states eliminates all but e e - D+D-(F+F;) > U +e + vy * Vg
If stable D+ and F+v are of JP = 0, as the Yy spectroscopy
suggests, the branching ratio into (zvl) is négligibly sﬁall in the
V + A interactions. If D and F .of ¥ =1 should decay
through weak interactions, one might have to separate them out. But
strong damping of form factors'stillsuppress-two-body hadronic
channels so severely that we would hardly worry about.this possibility.

Because of this we have proposed here to examine only the ue events

rather than inclusive u (or e) production.
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CHAPTER II: A TEST FOR THE CHIRALITY OF HEAVY

LEPTON CURRENT IN INCLUSIVE PION PRODUCTION

In the previous chapter, we have used the weak leptonic cur-
rent of the ordinary leptons (electrons and muons) to probe, so to
speak, the heavy lepton currént or its chirality. In this chapter,
we will use instead the standard weak hadronic current in its

V- A formas a probe.

II.1 Beams Polarisation

The test will make use once again of longitudinal polarisation
of the incident beams. We have learned recently that large beam
polarisations will be much harder to obtain than was anticipated.

49 have shown that a complete treatment of depol-

Chao and Schwitters
arisétion effects including quantum fluctuations leads generally

to very small polarisations. One has to choose carefully beam

energies and duration of beam storage in order to achieve large
polarisations. Nevertheless, hoping that experimentalists will

attempt this diffi¢ult task and obtain large longitudinal polarisations
at the'PEP-eollidihgbeam machine, we present here a clear test to

_ determiné the chiral property of the weak heavy-lepton current.

It consists of measuring charged pions (and kaons) of very high

energy produced through L + v + m(K).

L
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Fig. 2

XBL77!11-699I
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Fig. 3

XBL77lI—6986
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- II.2 Angular Distribution

The angular distribution of pions in the one-photon anni-

hilation

+ L (I1.2.1)

anything

< _,~
o
I

and a similar process is calculated in the center-of-mass frame of
e+e_ when one of the e+e- beams is longitudinally polarised.

The reasons why this particular decay mode is chosen are that the .
decay matrix elément is calculable accurately when universality holds,
and that because the decay is a two-body decay the pion spectrum

extends to the high-energy end of the x distribution. Let the

semileptonic weak interaction of L be

Hint \2) G{VLYu(l + gaY5)L J" + H.c., » (II.2.2)
o= F AN - v)w cos 0 +s M1 - v )asin 6 (11.2.3)

where :Q: is the Cabibbo angle. Above several GeV in the center-
of-mass energy, electron-positron beams are highly polarised trans-

versely, and it is possible to rotate one or both of the polarisations.



et

into the longitudinal direction at the PEP and the PETRA.C

For

the purpose of producing an asymmetry in the angular distribution we
consider first the configuration in which the electron be.am' is polar-
ised longitudinally along the direction of its owm momentum and .

the positron beam remains polarised transversely. The differéntial
cross section of the pions emerging from the L™+ \)L + T decay is

. . + - <
given in the center-of-mass frame of e e as

le P
(—-df.___.)(e-;ﬂ'-) = J_[_?_(Z_r [1 + 0082 6 - & (2x - 1)cos 6],
2s

dx d cos 6 1+ga2

(11.2.4)

where s 1is the c¢.m. energy squared; x, defined by 2E,"//§,

takes values in the region of
1 2, \4<_ <1 2 3
pli- a-mPerisx S3he - mPe’];

r is the branching retio I(L™ > v + 77 )/(L" > all); and P

is the magnitude of the beam polarisation. In Eq. (II.2.4) we

- have ignored mN'2/s and mLZ/s ( £0.01 for mL=l.8 GeV

above Vs = 20 GeV). The bracket (e ;7 ) in the left-hand side
indicates that e  is polarised longitudinally and w is measured

inclusively. By the same calculation, we find
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(}—-ﬁgl—————?(e+;ﬂ_) = I . [l +‘c‘os2 8 +‘—Ji——:r (2x - 1) cos 8]
dx d cos - 2s ' 1+g-

-

(I1.2.5)
when e is longitudinally polérized. Here the longitudinal = po-~
larization of e_+ is along the direction of its own momentum
(opposite to that. of e ). For the processes in which positively
'charged pions from the two-body L+ decay are measured inclusively,

we obtain through CP invariance
/ do -+ _ do + -
Gxdcos)@ (esm) = (dxdcos 6) (e5m)

d + -
<;x 4 cos é>(e ;T )

where the angle 6 for T is measured from the direction of the

<i d (e75m)
dx d cos @ ’

e beam momentum just as for the 7 emission angle. It is our
purpose to investigate the terms linear in cos 6 in Egs. (I1I.2.4)

and (II.2.5).

IT.3 Numerical Estimate

From s = 3.8 to 7.4 GeV, do/dx scales reasonably
46

well above x = 0.5. By assuming the scaling,therefore, we can

estimate the hadrons near the high-x end at vs > 20 GeV that do



not come from the heavy leptons. The asymmetry to be measured is47

- - do
Ale ;m ) s dx 4 cos 9

n
S

(e_;ﬁ—)oo

do - -
Tx T oosd (& 5T J1ggo

2g_
- nazrtp—"“—é- (2x - 1). (II.3.1)
1 + ga

This asymmetry may be detected in three other measurements:
'A(e_;ﬁ+), A(e+;n-), and A(e+;ﬂ+). One can enhance the effect

by taking the combination

A =[A(e';1r') + ae5m)] - [A(e';'rr+) + aetm)] .

(11.3.2)

This quantity A should be compared with s(do/ds d cos 8) at

6= 0°

and 180° of the pions that are emitted symmetrically in
forward and backward directions. Let us call those pions background
pions. By extrapolating the data from lower energies by scaling,

we find that in 0.9 < x < 1.0

do ' 2 '
) S .. S, ~ 50 nb Ge (11.3_3)
dx d cos 0 background, o°
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) . . |
for the sum of 7 and ﬂf (and possibly_ K™), provided that the

46

cos O vdistribution“is « ]l + cos2 ® for the background pions. On

the other hand, with the decay branching ratio r = 0.10,22 g, = *1,
namely V t'A, and &= 0.90, the asymmetry in cross sections turns

Qut'to be

A = {A(é—;ﬂ_) +'A(e+;ﬂ+)] - [A(e-;ﬂ+) + A(e+;n-)]
= 7 2.6(2x - 1)r x 10° b GeV. (11:3.4)

In the region of 0.9 < x <1.0, this is as large as
A = 3721 nb GeV2. | (II1.3.5)

The asymmetry of this size is easily distinguished from the
asymmetry of other origins, which we will discuss in the following

section.

I1.4 Asymmetry‘of other origins

If there are charmed hadrons that are stable againststrong and
electromagnetic intefactions, they may emit pions through weak
decay to produce the asymmetry. However, if such stable charmed
hadrons are pseudoscalar mesons, simple kinematics shows that there

- will be no ~cos 0 asymmetry in one-particle inclusive spectra. When

there are such hadrons of nonzero spin, they can, in prineciple,

45



cause an asymmetry. But strong damping of hadronic form factors
suppresses severely two-particle channels, and when charmed hadrons
are produced.togéther with other hadrons, the chance that a secondary
decay pion reaches the high-x end of the spectrum is negligibly
small because the x distribution falls of vefy fast towards x =1
in the case of muitibody states. - Therefore, we can safely ignore the
effect due to decays of metastable hadrons.

The other source of thé asymmetry is the neutral-W-boson
process that competes with the one-photon annihilation. It depends
on specific models of weak interactions.. If we choose, for instance,

the four-quark model of Salam and Weinberg, we find the asymmetry

5 s/m
1 - (s/MWZ)cos2 6,

Ale ;)

S( do’/dx d cos e)background, OO

7.7 x 10~

H

x[1+ (4stn® 0 - 1o,
(II.4.1)

o, = W ym T Sy O (11.4.2)

where OW is Weinberg's angle, Mﬁ is the charged-W-boson mass,

1
electromagnetic currents, and Wé(ew)(n-) is the inclusive structure

W'(e)(ﬂ") is the inclusive structure function Wi for w with the

46
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fuhction W, for T with one electromagnetic current and one

3

weak current. Simiiarly,

5 'S/h%f
1 - (S/Mw2 )0082 GW

Ale™;m)
s(do/dx 4 cos 8)

> 7.7 x 10

o)
background, O
x {1 + (2 S:T.n2 8 - 1)
- L +’
(11.4.3)

with p, Dbeing a ratio of structure functions for ™ in parallel

to Eq. (II.4.2). Charge-conjugation invariance of strong interactions

requires that p_ -p,- Further, CP invariance of overall processes

leads us to

A(é+;ﬂ+)

-Me ), -~ (I1.4.4)

A ;m)

_A(e_;ﬂ+)p+ P (I1.4.5)

for processes in which the e+e- pair annihilates through‘one'

photon or ohe neutral W boson. On the right-hand sides of Egs.
(I1.4.4) and II.4.5), the subscripts indicate that the polarization
P is to be reversed in sign. If one estimates p_ and p, in

the simple parton model, an upper bound is set on Ip_ - p+|;



| RS €. IR €0V IR
llp_-p+| 5 T + ¥ s
w(m )+ d(m ) +s(m) +clm)
| (I1.4.6)
< 6
ga

Because of Egs. (II.4.4) and (II.4.5), the #-independent terms
cancel each other in the sums A(e ;7 ) + A(e+;ﬂ+) and- A(e—;ﬂ+) +

+ A( e+;'1r—). A net contribution to
A = AeTm) + MeTm) - AleTym ) + Aletym)

is proportional to 4 sin2 ew - 1, which is a small number. One

- thus obtains with sin2 8 = 0.3 the upper bound on the asymmetry due

to the neutral W boson as

A 2

IT.4.
s(do/dx d cos e)background, 0° ( 4.7)

< 3.5 x 10

at /5 =20 GeV for M =50 GeV end A2= 0.90. This is mch
smaller than ~ 40%, the value that is expected for the asymmetry
due to pions from the heavy leptons. To make sure that the neutral-
W-boson annihilation is really small, one should measure the asym-
metry at different energies to see its energy dependence. The
asymmetry due to the heavy leptons scales precisely, while the
asymmetry due to the neutral W boson increases linearly in s or

even faster if the neutral-W-boson mass is not too heavy.
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Finally, one might suspect that the interference between one-

photon and two-photon processes can cause the asymmetry in cos 6.

‘But even at highest PEP and PETRA energies this is expected to be

48

no more than several percent. Moreover, charge-conjugation invar-
- - + 4+

iance of overall processes requires that A(e ;m ) = -Ale ;7 )

and .A(e—;ﬂ*) = -A(e+;w-), and therefore no effect remains in the

combination
A= [aeTn) + a0 - [a(eTinT) A aGeTinT)].

II.5 Comment

With longitudinally polarized e+e- beams, one can test
clearly whether the weak current of the heavy léptons is V-A
or V+ A. The asymmetry in cos 6 of the inclusive pion production
is quite large near the high—energy end of the x distribution,
and its sign depends on whether the current is V- A or V + A.
Other sources of the asymmetry that may compete turn out to be
either sufficiently small or, if not, unambiguously separable by
the cénter-of-mass energy dependence. We have assumed in this
chapter that the heavy-lepton mass is about 1.8 GeV and that the

decay obeys the universality of weak interactions. The branching

ratio T(L - vLﬂ)/F(L + all) is uniquely determined for such leptons.

If there are heavier leptons, say, of mass " 6 GeV, they would not
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contribute significantly to the asymmetry near x = 1, since their
branching ratio into the two-body (vr) chamnel is negligibly small -
(v 1.3%).32 However, even universality should not be taken for

v

granted.
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CHAPTER III: RIGHT-LEFT ASYMMETRY IN

HADRON PRODUCTION

" In this chapter, we leave the domain of heavy lepton physics

and consider the neutral weak current and, presumably, if one

-believes in gauge theories of the weak interactions, its carrier,

 ‘the neutral weak intermediate vector boson Z. Ever since the first

discovery of neutral currents at CERN in 1973, in neutrino-indiced
reactions, one has had to take these weak heutral currents seriously.
We will be concerned here, not with the neutrino or antineutrino-
indiced currents but with the elctronid weak neutral currents in
e'e” annihilation. |

Various tests of weak interactions in e+e- annihilation
have been proposed5o, and one of the few promising tests is to
measure a forward-backward asymmetry in cos 6 distribution of final
hadrons. Unlike the e'e” > u'U™ process, strong interaction
dynamics prevents us from estimating accurately hadrons due to

two-photon-annihilation (without e+e_ in final states) interfering

- with one-photon-annihilation. We propose here an alternative method

to detect an interference of weak and electromagnetic interactions

by making use of high transverse polarisation of e'e” Dbeams.
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ITI.1 Angular Distribution

Let us write a weak neutral current interaction as

% = e H - (Z) U .
Lint_ €q€ Yu(l * gaY5_)e Z thu Z (III.1.1)
where ng) is a hadronic weak neutral current, and g, 8,8

are model-dependent weak coupling constants. We consider only
the lowest order contribution of one photon-one Z-boson exchange

(Fig. 7). With the usual electromagnetic interaction .
LS. = eas Yo A lelem)A“ ' (III.1.2)
the Lorentz-invariant S-matrix element will be:

2 ig.g
- » © - u(em) + 'Q'h ey .
M7 A v w < ey T T

. (1 + g,Y5) U <hnlJ“(Z)|o >  (IIL.1.3)
where v is the position spinor)
u is the electron spinor,

R is the detected hadron ,

n are all other hadrons whiéh are summed over ,



For s << Mi,, the dominant contribution in the cross-section will be
< the square of the electromagnetic amplitude; the asjmmetry, that is
- : the subject of this chapter, willlcome from the interference between
the electromagnetic and weak neutral amplitude and hopefully will
be big enough to be observable. The square of the weak amplitude will
be negligible and will be discarded in this calculation. The cross-

- section is calculated to be

’l

v 4 2 ) ’
E _<13_0 = —15 < > LIS E sin°8 -?2:-- %@2+p2 cos” (bﬁ’
p a"p s” 1lém M2 J
% 1 221 PP g2 2
- . 2 ReU) + 2 ReU, E5sin0|5 -5 +(P%cos” ¢
16m s(s - Mi) L y W o
+ ReU gﬁSI /s cos 6 - 2 ImU gﬂ)2 P_sin®0 sin 2 )
3 N 2 ar
(111,1.4)
where 5' is the detected hadron momentum,
s '~ 1s the square of the total center-of-mass energy,
B P 1is the magnitude of the transverse polarisation of
’ + -
e and e P}
] ¢ is the azimuthal angle of p measured from the direction

of the polarisation vector of e ,
the W's and U's are structure functions that are defined below ,

and M is the detected hadron mass,
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Fig. 7

XBL7711-6985
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We have chosen the z-axis along the e  beam and the x-axis along
the e polarization véctor. ' (6 ¢) are the usual spherical
angles defined from these 2 éxes.

Cdnsider the hadronic tensors H}n)Ain its most general

form allowed by Lorentz invariance,

- \ ‘—‘ > | | ->
oS (2m) EP)Z_ <ol3 [ny (3 n|7 0D §*(q - p - n)

all n ex-
>
cept p
P P ‘ a B
= W g +w., HY i A M

uv 2 M2 -t Eu\)aB 5? 3

W W

4 . 5 4. + quqv

= (pa, *nq) +i —5(pa,-nq)+W bl
(III.1.5)

If both Ju in Eq. III.1.5 are the hadronic electromagnetic
current, then hermiticity of the current, time-reversal invafiance)

and electric gauge invariance restrict H v to the form

( ) _." q\) +W2 P - .
H}.:) = —Wl {gw - %?_ ']\F(P - qll q2q> é\) -.q'\) . ZQ)

q

(III.1.6)

where Wl and W2 are real functions of the Lorentz invariants

2
Q@ and p °Qq.
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On the other hand, the interference term becomes, using

the same arguments,

Y ->
H(ue\)w,) = (2.".)32E Z <0|J<e)lpn> <pn|Jg_Z)!O> 64((1 p-n)
all n ex-
cept p
ANCNANI
. u \) 2 p q - p . q
- U —g + + p - q p q\) >
U Y
1 (u\) q2/ M2<u < q2,
1 € pan_U_B_
Hval - (III.1.7)
where Ui = Ui(qz,p- qQ) are Lorentz invariant functions, but

this time not restricted to be real by time~reversal invariance.
Interference of final state interactions in different eigenchannels

(I =0 and 1) gives rise to a nonzero imaginary part since

-+ yout > | >\ 1 i >
}:lnp} Winp| # Z hp>™ *<{apl
n ' n :

when -f) is not summed over. The "in" and "out" refers to the
usual incoming and outgoing boundary conditions. Looking back

at Eq. (III.1.4), we see that the term Im U2 will give rise

to a left-right asymmetry. Notice also that the terms Re,U1



and ReU2 R
magnetic terms and so are insignificant in the calculation of the
angular asymmetry that interests us and so we drop them.

We now make use of the successf‘ﬁl Bjorken scaling assumption.
It is assumed that at these high energies, there are ho important

parameters with mass dimension; thus the structure functions will

depend on the kinematical variables only through the dimensionless

x=—2——2 .Zq‘ So
q
. 2
P9y, (p-qd) » F(x)

£ 1 U p u) - 'F(Bew) (x)

W (p + q,0°) > Rex)

B wy(p - 0,q°) =+ F(Ze)(X)

W

. ' The cross-section (ITI.1.4) +then becomes
d " 1 (e) 1.2 (e) 2
E, _3 > (2> {F}77 + 78 "x " sin 26(1 - P22 cos 2¢ )}

(Equation III.1.9 continued on the next page)

have the same angular distribution as the dominant electro-.
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ezggg . o) 2 |
1 Q'Ij{iﬁ’ngImF sin"® sin 2¢ -
s(s-MZ) 16

B Re Fge‘”) cos 6}. ' (11I1.1.9)

III.2 The Left-Right Asymmetry

Let us define a right-left asymmetry parameter at 6 = 90° as

A®) = {N(¢) - N(=0)}/{N(¢) + N(-¢)} , (III.2.1)

where N(¢) is the number of hadrons coming out in the direction

of (6 =90",¢). Then

g g,8
A¢) - Alm - ¢) < “9 ) sin 2¢ .
¢ moe s-M2 2 - alx)(1 +ﬁ cos 2¢ )

x Im F(Zew)

EESA

At /5 = 7. 4 GeV, ofx) is close to unity for s g 0.5, and 47 is
about '70%. It is expected that at higher energies oq(x) will
be close to unity above even smaller values of x. Hadrons produced
by the electromagnetic current are depleted at 6 = 90c> .with ¢ = 0 -
and 1800, while the right-left asymmetry shows up maximally at

¢ = %—cos-']'{apz/(Z -a) .
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In the standard Salam-Weinberg model, the weak couplings are
12,2 L2 N |
= e n v Q. v
given by. gagzgh 5 ‘e /sin 26W,.’where sin ew 0.30 to o

fit experimental data. - Equation II.2.2 1is written in this model as

’ Im FCEV)
8) - M- 0) % -0.29(/E/37 GeT)? &(4) ——2
(III1.2.3)
£¢) = P2 sin 2¢/ {2 - ox) - o{x)D° cos 26} .
(II.2.4)

The function £(¢) 1s of the order of unity or less. It is plotted
in Fig. 8 for a few different values of 172 ‘and alx). A.crucial
questiqn is how large x Im Fgew)/Fge). would be. If all parton
distributionrfunctions'are chosen equal, the parton model predicts

that in the four-quark model

2

|x Fgew) /Fi?)l X %.- 4 sin® g% 0.60. (II1.2.5)

III.3. Comment

Only a product of currents entisymmetric inisovector and iso-
'scalar currents cen contributé to im Fgew)' Estimate of its imaginary s
part involves deteils of strong interaction dynamics at low energies, |

which forbids anythipg beyond a mere guesé. We cannot even exclude

a pessimistlc guess that the phase difference of I =0 and I =1



final state interactions may come out to be negligibly small.
We find from the isospin structure of currents that the ratio
Im FgeW)/FgeW) is about 0.50 ' at maximum interference in the Salam-
Weinberg model. It should be pointed out that if final states consist
only of pions, G parity forbids'the interference. Only the events
that contain KK, NN, and so forth contribute to the asymmetry.
At higher energies Such events occupy a portion of cross section
large enough to produce a substantial right-left asymmetry. Al-
though this test seems to be rather difficﬁlt at SPEAR/DORRIS
energies, it will be quite realistic at PEP/PETRA energies
(/5 =20~ 36 GeV). |

To conclude, we emphasize that unlike the forward-backward
asymmetry the right-left asymmetry is a clean direct test of parity
nonconservétion free from baékgrounds due to higher order electromag-
netic interactions of to weak decays of heavy leptons or charmed
hadrons préduced electromagnetically. If a hadronic weak neutral
current is parity-conserving but a leptonic current contains
both vector and axial vector currents, there would be no cos 6
~asymmetry besides a possible secondary effect due to weak decays in

final states and therefore the present method would be useful to

: ‘ - + -
supplement information obtainable in the e+e > 4 U process.
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FIGURE CAPTIONS

A forbidden configuration (VL = ve).

A ue event with an electron beam polarised longi-
tudinally.

Kinematics of Ue events in the e'e” laboratory frame.
R( x; cos2 8, and asymmetry parameter oX(x; cos2 )

->
as functions of x = lBL at cos O = 1. See Eq.

ko

(I.2.21) in text for the definitions of R(x; cos® 8)
and A(x; cos® 9).

Asyﬁmetry parameter of x; cos? 6) as a function of
cos 6 at x=0.5 and x = 0.05. The value of ¥y

is equal to 10 in both cases.

Dependence on Y of asymmetry parameter ox; 0032 8)
at x =0.5 and x = 0.05. The value of 6 1is
equal to OO in both cases.

The one boson exchange diagram.

E(¢) for three sets of values of ,f32 and ofx).

I. for po° =0.85 and ofx) = 1.0.

. : &
II. for 502 = 0.70 and ofx) = 0.80. v
III. for f0° = 0.50 and ofx) = 0.60. | o
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