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Test for Chirality of Heavy Lepton Current 

To be submitted to 
Physical Review D. 

in Inclusive Pion Production of Electron-Positron annihilation 

Richard Simard* 

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 a conspicuous forward-backward asymmetry in the cose distribution 

of inclusive hadron spectra near the high energy end, when one of the 

initial electron-positron beams is longitudinally polarized, The asymmetry 

is estimated for vector and axial vector currents at PEP/PETRA enereies. 

It is quite easy to distinguish experimentally between V - A an(l V + A 

provided that the decay branching ratio of 1* into L-PJ) +71: is no!. 
L 

too far from the value predicted by the universality ("" 1 0 %) • 



- 2 -

I. Introduction 

1 
The discovery of the p e events at SPEAR has prompted numerous 

theoretical studies on heavy leptons, in pa.rticular,energy and angular 

. 2,3 . 
distributions of secondary light leptons and hadrons. It is, however, 

rather difficult to determi.ne the chiral property of the weak current that 

causes heavy lepton decays. Having in mind that longitudinal polarizations 

4 
will be available at the PEP colliding beam machine, we present here a 

clear test to determine the chira1 property of the weak heavy lepton current. 

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

produced through L -+ VL + 1( ( K) • 

II. Angular distribution 

The angular distribution of pions in the one-photon annihilation 

+ - L+ e + e _... L + 
,, Y'' 

LvL 
L. anything 

+ 'Jt- (2.1) 

and a similar process is calculated in the center-of-mass frame of + -
fJ e ' 

when one of the e+e- beams is longitudinally polarized. The reason why 

this particular decay mode is chosen is that the decay rna trix e lemont ts 

calculable accurately when universality holds, and also that because the 

necay is a two-body decay the pion spectrum extends to the h:l.gh eneq~y end 

of the x distributlon. 
. :t 

Let the semi-leptonic weak inter-action of L be 



0. o· .. u 6 u 0 
- J -

11 -...., p 
Hint =viC (liLI,u.(1 + ga)'5) L) J, 

7 

+ H.c., 

J,.,. = n11h- is)P cosec+ A1"(1 -1's)P sinec' 

(2.2) 

(2.3) 

where ec is the Cabi bbo angle. Above several CeV in· the center-of-mass 

energy, electron-posHron beams are highly polarized transversely, and tt 

is possible to rotate one or both of the polarizations into the ]one;itudinal 

4 
direction at the PEP and the PETRA. For the purpose of producint~ an 

asymmetry in the angular distribution we conRider first the confi(:';ural.ion 

in which the electron beam is polarized longitudinally alon~ the di rectlon 

of its own momentum and t'1e positron beam remains polarized tr<..tnr.verse1y. 

The kinematics is shown in Figure 1. The differential eros::; sec;:tion of the 

pions emerging from the L---+ YL + Jt- · decay is t;iven in the center-of -mass 

+ -frame of e e as 

= 
1ti 

2s 
f 2 4gaP ·} 

r 11 + cos e - -----,-
2 

(2x - 1) cose , 
1 + ,, 

a 

(2.h) 

where s is the c.m. energy squared, x, defined by 2Ep//S. takf:s value5 1n 

the region of l(1 -/1 - 1.!-m~/s ) s x ! t(t + /t - 1-tm~/s, ) , r is the 

branching ratio r(L--VL + 11:-)/r(L -- all), and P is the mac;nitudu or the 

beam polarization. In Equation (2.4) we have ignored m~ /s and 
') '-·; 

''\ s 

( s; O. 01 for mL = 1. 8 CeV above rs = 20 GeV). The bracket (e-; -,() 

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

7f is measured inclusively. By the same calculation, we fino 

( 2 x - 1 ) co:_; e J , ( 2 • 'j ) 

+ when e is longitudinally polarized. Here the 1ont:_';Hudtnal poia.rizat.\o~ 
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of e+ is along the direction of Hs own momentum (opposite to that of c-), 

For the processes in which positively charged pions from the two-boriy l.+ 

decay are measured inclusively, we obtain through CP invariance 

~ dx 

do' ) ( e-; Jt) = ( io j (e +; i) (zJ,) 
dcosA dx ricos8 

( dx 
do' ) + + ( dd' ) ( e-; 7f) (2.7) (e J1t) = ' dcose dx dcose 

where the angle 8 for n+ is measured from the direction of the c- beam 

m:mentum just as for the 1t emission angle. It is our purpose Lo \pve:~tlga.Le 

the terms linear in cose in Eqnation (2.4) and (2.5). 

III. Numerical estimate 

From /S = ; .• 8 GeV to 7.1* GeV, d6/dx scales reasonably well above 

~ 
x = 0.5. -' By assuming the scalinc;, therefore, we can estimatE: the ha.rlron~; 

near the high x end at ..;;.2. 20 r.ev that do not come from the heavy lepton:;, 

The asymmetry to be measured is 

- s 
dx dcose 

= -1(d..2 r P 
2ga 

( 2x - 1 ) . 
1 + 2 C:a 

(:.l. 1) 

This asymmetry may be detected in three other measurements, A( r~-; ..,t), 
+ - ( + +) A(e ;Jt'), A,e ;7(, • One can enhance the effect ty takine; the co,nl:\.t~al.icin 

(:J.2) 

,. 

J~ 
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This quantity A should be compared with s(d<f' /dxdcose) at 0 = 0° a:nrl 1110° 

of the pions that are emitted symmetrically in forward and 'backward 

directions. Let us call those pions as background pions. Ry extr-c1polat1ng 

the data from lower energies by scaline;, we find that in n. C) < x < 1. o 

( 
dcf ) 

3 
· dx dcosA ·o0 

. background, 
(J."J) 

- + ( ± ) for the sum of '1[ and Jt and possibly, K , provided tha l the co:;8 

distribution is oc; 1 + cos2e for the hackgro~nd pions.5 On the oUter. ltand, 

6 
with the decay branchinr; ratio r = 0.10, c; = + 1 , namely V +A, and 

a -

P = 0.90, the asymmetry in cross sections turns out to be 

= =T 2.6 (2x 1) r P X 10
2 2 

nb-GeV 

In the region of 0,9 < x < 1.0 , this is as large as 

2 
A = ~ 21 nb-GeV 

(J .1+) 

( ') .: ) 
) • .J 

The asymmetry of this size is easily distinguished frorn the asymmetry of 

other origins, which we will discuss in the following :Jection • 

TV. Asymmetry of other origins 

If there are charmed hadrons that are stable against strong and 

electromagnetic interactions, they may emit pions through weak ce<:ay lo 

produce the asymmetry. However, if such stable charmed hadrons an· p~;eurh'-

scalar mesons, a simple kinematics shows that there will be no co:;8 

asymmetry in one-particle inclusive 5pectr.a. When there are ::.;11ch had rom; 
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of nonzero spin, they can, in principle, cause an asymmetry, nuL, ~•tronc; 

dampi.ng of hadronic form factors suppresses severely two-particle dJa.nnf~lr;, 

and when charmed hadrons are produced together wHh other hadron:;, \lw 

chance that a secondary decay pion reaches U:e_hi~h x end of spectntm Is 

negligibly small because.the x distri.bution falls off very fast Lmtarrls 

x = 1 in case of multibody states. Therefore~ we can safely lgnore Ute 

effect due to "decays of metastable hadrons, 

The other source of the asymmetry is the neutral. W ho~;on procu~>~; 

that competes with the one-photon-annlhi lation. It depends on spt~c i fi c 

models of weak interactions. If one chooses, for instance, ·the four-qttark 

model of Salam and Weinberg, we find the asymmetry 

A(e-;Jf)/s(do' /dxdcose) . 
backr;round, 0° 

....... 7.7 X 10-S .( 
1 -

.f- = w-Cew) ( -)I w( e) ( -) 
lJ 3 -n: m,r1 1t, u~.?) 

where 9W is Weinberg's angle, f<1W is the charged W boson mass, 

the inclusive structure function W1 for 7f With the C] eci.rornac;ne I.LC Cll r·rents 1 ;t!ld 

is the inc1usive structure function w
3 

for 7C with otw •~lecLn1-

magnetic current and one weak.current, Similarly, .. , 

A(e-;Jl)/s(d~ /dxdcos8) 
0

o 
backcround, 

r 1, ·)) 
', . ) 
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with f+ · being a ratio of structure functions for -,t in parallel Lo 

Equation (4,2). Charge conjugation invariance of stronr; inter'aclion~; 

requires that P- ::: - .P+ . Further, CP invartance of overall proce::;::;e::.; 

learls us to 

A(e+;Ji) = ( 11,4) 

- + - - A( e ; Jt) (h. j) 
p .... _p 

for processes in which the e + e- pair annihilates throur;h one pholon or 

one neutral. W boson, It is meant in the right-hand sides of F:q uatl on (!~.h) 

and ( 4, 5) that the polarization P is to be reversed i.n stgn, 1 r or.e 

·estimates J>- and_p+ in the simple.parton model, an upper bound i:..; set 

on j..P- - .P+ I ; 

::: 
6 

5 

6 
5 

X . l u(X) - u( Jf) I 
u(Jt) + d(Jt+) + s(~) + c(7r+) ' 

Because of Equation (4,4) and (4, 5), the P independent terms cancel each· 

- ++ ··.-+ +-
other in the sum A(e-;1t) + A(e ;7t) and A(e :n) + A(e ;7C). A net. 

contribution to A= [A(e-;.,C) + A(e+;,t")) - (A(e-;Ji) + A(e+;;C)) b 

proportional to 4sin
2

ew - 1, which is a small number, One thu.s obtains wl.th 

the upper bound on the asymmetry due to the neut ra 1 W boson a~i 

I A/. s(dd' /dxdcose) · . o j < 3.5 X to-2 
. background, 0 

(1~.7) 

at -fS = 20 GeV for MW = 50 GeV and P = 0,90. This is much smaller than 
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rv 40 %, the value that is expected for the asymmetry due to pi on~; from the 

heavy leptons. To make sure that the neutral W boson annihilation l.s rea11y 

small, one should measure the asymmetry at different energies l.o see ils 

energy dependence. The asymmetry due to the heavy leptons scales prec.i.sely, 

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. 

Finally, one might. ~uspect that the interference between one-photon 

and two-photon processes can cause the asymmetry i.n cosB. But, even at. 

highest PEP/w.I'RA energies, this is expected to be no more lhan ~;everal ·!G. (, 

Moreo.ver, cha:rge conjugation invariance of overall processes require:; that. 

A(e-;,t") =- A(e+;-Jt) and A(e-;Ji) =- A(e+;1f) , and therefore no l~ffecL 

remains in the combination A= [ A(e-;]i") + A(e+;Ji)] - ( A(e-;Jt+) + 

A(c+; 1f) ) . 

V. Summary 

With longitudinally polarized e \;- beams, one can te~;t clearly 

whether the weak current of the heavy leotons is V - A or V + A. The 

asymmetry in cose of the inclusive pion production is quite larce ncar 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 lhc asymmetry lhat. may 

compete turn out to be either sufficiently small or, if not, una.rnbi1:uou::;ly 

separable by the center-of -mass enercy dependence. We have a:~;surnerl in 

this paper that the heavy lepton mas~>· is about 1 .8 CeV an~] Lhal. l.he dr!cay 

obey:-:; lhe uqi versaJ:i..ty of weak i.nter-..Lctions. The branchl nc r..Lllo 

r(L-YLJt)/r(l,-all) is uniquely r1ctcrmined for such lepton:.;, lf t.hcr~.· 

are heavier 1.eptons, say', of mas:.; ""'"' fl GeV, they v/Ould not contri.t)lllt: 

!" .• 
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0 0 0 
- :c; -

signif:lcantly to the a~:;ymmetry ncar x = 1, since their brc:J.nchinc; ratio \nlo 

the two-body (JJJt) channel is negligibly small. ( ...... 1.3 :·n. 7 However, 

the universality should no~~ be taken for c:ranted at all, nor even lhc . 

as~mrnption lhat the heavy leptons ca11se the fA 8 events at· :..;rF:All has 

neither been establishec1. '~'he particles leading to the f'--e cven-L:; ma.y 

be entirely new species that we have not known. lL is therefore hi.,·)dy 

desirable to study carefully their decay mode;; in the region wi1Pn: tlw 

standanl picture of the heavy leptons c;ives : . .mambi.~:,uou~; and 11ndi::;puLab1<~ 

predictions. 
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