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Test for Chirality of Heavy Lepton Current

in Inclusive Pion'Production of Electroanositron annihilation

Richard Gimard”
Lawrence Berkeley Laboratory, University of California

Berkeley, California 94720
and

Mahiko Suzuki**
Department of Physics, University of California

Berkeley, California 94720

Parity mixing in the weak current of charged heavy leptons
causes avconspicuous forward;backward asymmetry in the'cose distribptibn
of inclusive hadron spectra near the high energy end, when 6ne of the
initial electron-positron beams is longitudinally polérized. The asymmetry
is estimated fof vector aﬁd axial vector currents at PEP/PETRA energies,
It 1s quite easy to distinguish expefimenta]ly between V - A and V + A
provided that the decay branching ratio of L"t into I,——>1£ +7 is nol

7

too far from the value predicted by the universality (~ 10 7%).



1. Introduction

: ' : 1 -
The discovery of the e events at SPEAR has prompted numerous
theoretical studies on heavy leptons, in particular'energy.and angular

2,3

distributions of secondary iight leptons and‘hadréns. ft is, hqwever!

" rather difficult to determinevthe chiral property'of the weak_current that‘
causes heavy lepton dgcays; Having in mind that longitudinal polarizations
will be available at the PEP colliding beam machine,4 we present here a
Aclear test to determine the chirai property of the weak heavy lepton current,

It consists of measuring charged plons (and kaons) of very high encrgy

produced through L-—*L&‘4-7I (X).

II.  Angular distribution

The angular distribution of pions in the one-photon annihilation
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and a similar process is calculated in the center-of-mass frame of e*e', 

when one of the et

e” beams is longitudinally polarized. The reason why
this particular decay mode is chosen is that the decay matrix element is ‘ :v
calculable accurately when universality holds, and also that because the

decay is a two-body decay the pion spectrum extends to the high encryy end

» 1
of the x distribution. Let the semi-leptonic weak interaction of L be
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where OC is the Cabibbo angle, Above several CeV in-the center-of-mass

énergy, elec@ron-positron beams are highly polarized transversely, and it
is possible to rotate one or both of the'polariéations into the longitudinal
direction at the PEP and the PE.‘_TRA.“ For the purpose of .broducing aﬁ |
asymmef,;;y in the angular disttibution we consider'firs‘t' the épnf‘igurﬁtion

in which the e1e¢tfon beam is polarizeqvlongitudinally along the’dirnctionx

of its own momentum and. the positron beam remains polarized transversely.

" The kinematics is showh in Figure 1, The differential cross section of the

plons emerging from the L — VL_+ 7~ - decay 1is given, in the center-of -mass

+_
frame of e e as

a
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whené s is the c.m. energy sqﬁafed; x, defined by ZEP/ﬁ. takes values in
the region of 1(1 _»’/1 - brmIZJ/s Y< x £ 31+ —.b,ml?:/s ), ris tf)e
branching ratio [-’(L'—*‘VL + jt')/r(L'-’ all), and P is the magnitude of the
beam polari.zation. In BEquation (2.4) we .have .1gnored m; /s .anrl_ mi/s

(£ 0.01 for m = 1.8 CeV above Js = 20 GeV), The bﬁ;cket’ (e 57C)

in the left-hand side indicates that e~ is polarized longitudinally and

7t 1s measured inclusively. By the same calculation, we find

. | . , | hgp |
(——iuz———-)(e ;7F) - I 'r‘{l + cos’e + T—~E;—_.(2X - 1) couﬁ}-, (2.5)

dx Acosé 2s
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when e 1s longitudinally polarized. ‘Here the longitudinal polarization



of et 1s along the direction of its own momentum (opposité to that of e’).
‘For the processes in which positively charged pions from the iwo-body 1

decay are measured inclusively, we obtain through CP invariance

( ad )(8-317{) = (____:1_0:_.__.)(Q+;7E), _v (2.(:)
dx dcocsA dx 4dcosH »
dx dcos6 :

dx dcos8

where the angle 6 for ﬂ? is measured from the direction of the ¢~ beam

monentum just as for the 9¢ emission angle., It is our purpose to irvestigate

the terms linear in cos8 in Equation (2.4) and (2.%).

II1. Numerical estimate .
From ys = 2.8 Gev to 7.4 GeV, d6/dx scales reasonably well above

k = 0.5.v5 By assuming the scaling, tberefore, Wwe can estimate the hadrons |

near the high x eﬁd at 4/s220 CeV that do ﬁot'cohe from the heavy leptons,

The asymmetry to be measured is

dg” - do - -
Ale™370) = H{s ———— (e 1T ey ————— (e T
( ..7t) 2[ dx dcos8 € Tt)oo dx dcos® i )1904}
= -9 ¢ P .—-——2;3-(2x -1).. . (3.1)
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This asymmetry may be detected in three other meazurements, A(e‘;ﬂf),

+ - , 4+ : . .
Ale 37t), Ale ;) . One can enhance the effect by taking the comtinalion

A = [AA(C-:TE) + atets ) ] - [A(c-;yf) + Alet; ) ] . (3.2)



This quantity-A should be compared with  s5(d6 /dxdcos8) at.O = 0% anda 180°
of ihe pionsAthat are emitted symﬁetrically.in forward and backuard
direction;.. Lét us call those pions as backgronnd.pions. By extrapolating
the data from lower energies by scaling, we find'thai in 0.9 Z x < 1,0

- do ‘ 2 v g

- (i) g oot ()

T background, 0 . _
for the sum of Jr” and 7 ( and poésiblys vE ), provided that the cos8
distributioh 15 oc 1 + cos?® for the backgfound pions.5 On‘the‘othcr hand,
6

with the decay branching ratio r = 0,10, - &, = + 1, namely V + A, and

P = 0,90, the asymmetry in cross sections turns out to be

A

(AeTs) + At ) - (AeTsa) + ale*in) )

F26(2x-1) rP X 10° nb-Gevz, - (3.h)
In the region of 0,9 < x < 1.0 , .this is as large as

- 2 ' n o

A= F21 nbGeV™ ., (3.5)

The asymmetry of this size is eaSily distinguished from the asymmetry of

other origins, which we will discuss in the following Seclion,

1v. Asymmetry of other origins

If there are charmed hadrons that are stable against stroﬁg and
electromagnétic interactions, they may emit pions through weak decay to
produce the asymmetry. Howcvér, if such stable charmed hadrons-aro‘hseudo-
Scalar.mesons, a simple kinematics shows that there will be no'coﬁe.
asymmetry in 6ne—partic1e inclusive spectra, - When thefe afe'éucﬁ hadrons

¢



-'of nonzeroispin, they'éan, in principle; cause an $symmetry. Bul, strong
daﬁping of hadronic form factors suppresses severel& two-particile vhénne]s,
"and when charmed hadrons are produced together with other hadron:, the
chanée that a secondary decay pion reaches the;highrx end of spectrum is
negligibly small because.the x distribution falls off very fast Lowérds

x =1 in case of multibody siates. ,Therefore; we can safely ignore the
‘éffect due to decays of metastable hadrons.

‘The other sourcé of ihe asymmetry is the neutral W boson pr§cu§s'
that competes yith the one-pﬁoton—annihilation. it depends on'spncific-
models of weak interactions. If one chooses, for inst@nce,‘the fbur—quark
model of Salam and Weinﬁerg, we find the asymmeﬂry

Ale™; %) /s(dd /axdcos® )
(e ,7[:)/8( /x cos )background, 0°

. 2 ’ . .
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—(e
is the charged W boson mass, w{
the inclusive structure function Wi for 70 with the electromagnetic currenls,and.
—(ew) , - . : ' : _

WB_ “(J) is the inclusive structure function W_ for 7t~ with one electro-

3

magnetic current and one weak current. Simjlarly,

where 8, is Weinberg's angle, M )(ﬂf) is

W
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~ with P4+ being a ratio of structure functions for 7 in parallel Lo

Equation (4.2). Charge conjugation invariance of strong interactions
réquires that p_=-p, . .Furthef, CP invariance of overall processes'-

leads us to

>
~~
@®
.+
_
~
|

CHT ()
P .P o _
AeTs) = - A(eTi) . (h.s)

P—>-P
for processes in which the ete” pair annihilates'through.ohe photon or
one neutral W boson.; It is meant in the rlght -hand sides of bqudllon (o)

and (4, 5) that the polar’t?a.tion P is to be reversed in ui{fn 1f one

‘estimates _y_ _and‘p+ “in the simplerparton model, an upper bound is setl

on LP‘ - Jl+l ;
lP—,‘ﬂ+|
6 lu(f)-uﬁ)l
-5 ,u(7r)+d( )+~(7t*)+c( .
5 . ,

Because of Equatlon (4.4) and (4.5), the P independent terms cancel cach
other in the sum A(e”j7r) + A(e : ) “and A(e 7() + A(e ;9C). A net
contribution to A = RVIC ;11:) + A(e ,7!?)] - '[A(e-;f) + A( e+$]f)]
proportional to 451n29w - i, which is a small number, .One thus'obﬂains with
2 . ,

sin®® = 0.3 the upper bound on the asymmetry due to the neutral W boson as

l A s(do’ /dxdcoue)bad%round 0 < 3.5 %X 1077 | (4.7)

at q@?= 20 GeV for Mw = 50 GeV and P = 0,90, This 1s much smaller than



~ 40 %, the value that ié expected for the asymmetry due to pions from the
heavy leptons. To make sure that the neutral W boéon annihilation is really
small, one should measure the asymmetry at different enérgies_to see its ‘
energy dependence, - The asymmetry due to the heavy leptons scales precisely, . . o
while thé‘asymmetry due to the neutral W boson increases linéar]y in s or
even faster if the neutrallw boson mass is not too heavy.

Fiﬁally, one-hight suspect that the interference between one-photon
- and £wo-photon processes can cause the asymmetry in cos8, But; even at
highest PEP/PETRA energies, this is expected to be no more than several 7, 6
Moreover, charge conjugation invariance of overall processes requires thal
A(eT;9%) = - AleT;at)  and A(e_:7g) = - A(e+;7f) ,» and therefore no effect
remains in the COmbination A =.[ AleTso0) + ale™; 1) ] - [ A(e_;ﬁ?) +

A(e+:zf) ].

V. Summary

' With'iongiiﬁdinally polarized ete” beams, one can test éleariy”
whether thé weak current of the heavy leotons is V - A or V + A, "The
asymmetry in cos® of the_inclusive pion prodﬁction'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 Lhat may
compefe turn'out to be either sufficiently small of, if not, unambijuously
éeparable Ey ithe center-of-massc energy dependehce. We have assumed in
£his paperlthat'the'heavy lepton'masszis abéut 1.8 Cev anﬁ that. Lthe decay
obeys the universality of weak lnferacﬂions.' The branching tﬁtio
[[(L=y,7) /(L - all) is uniquely determined for such leptons. If Lhere

are heavier leptons, say, of mass ~ A GeV, they would not contribute

~
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'significantly to the asymmetry ﬁcar x =1, since their’brapchlﬂg‘nlbid”into
:the two-body (¥7T) channel is negligibly sma]_'l.'.(~ 1.3 7).7 Hﬁwéver, |
the-universality should no® be taken for granted atléll, nor even the -
aS;umption that the heavy leptons cause ﬁhe /Aja events AL'SPHAH ﬂas

" neither been established. The particles léading.to the /JQe évcnts méy

be entirely new species that we bave-not_known. TL iﬁ LhcréforQ hishly
desirable to sludy carefully their decay. modés in the région Qhen: the
standérd picture 6f the hegvy leptons gives anambiéuouu and nndispuLablé_'

predictions,
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