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JL e Events in Electron-Positron Annihilation 

with Longitudinally Polarized Beams 

* Ricr.ard Simard 

To lJe ::.;ubrni tted to 
the Ptry::i cnl llevii:w JJ. 

lawrence Berkeley Laboratory, University of California 

Berkeley, California 94720 

and 

** Mahiko Suzuki 

Lawrence·. Berkeley Laboratory and Department of Phys~ cs 

University of California, Be~-keiey, California 94720 

Muon-electron production processes are examined in the ca~;e w!1c:re onP 

of electron-positron beams is longitudinally polarized. A special 

emphasis is put on the asymmetry in the angular d:istribution of mttr)n 

(or electron) emission to reveal the structure of wear. iutPraction:·; 

of possible heavy leptons, The an[jular asymmetry will Pasi1y 

distinguish between V - A and V + A for the weak current of 

hr.avy leptons • 
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I. Introduction 

. . 1 
The f1- e events discovered at SPEAR indicate 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 col1inearity 

angle and the momenta of fl e are insensitive to the weak current of the 

heavy leptons being V - A 
2-5 

or V + A. It is rather difficult to 

distinguish between V - A and V + A through the collineari ty angle and 

the momentum spectra. 

Meanwhile, large transverse polarizations have been obtained at SI'1~:AR 

in the vicinity of .[S = 7.4 GeV. It is expected to obtain large polar\ za tions 

6 
more easily at PEP and PETRA. Since transverse polarizations are not vn ry 

u~eful for the purpose of exploring weak interactions, or parity vio1al \on, 7 

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

8 
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 rcmainG 

unpolarized or tr-d.nsversely polarized. \~e examine in this paper the 

angul.ar distributions of muons ann el.ectrons in the fL e events wher. on(~ of 

the initial beams is polarized loncitudinally. \H th the initial 1v-:am 

polarized longitudinally, properties as~>ociated with parity wtll manifest 

themselves clearly, for instance, in the asymmetry of the angular dh;tri-

bution. This asymmetry in the emission angles of muons and electrons is 

large enough to distinguish easily between V - A and V + A for the 

heavy lepton currents. 
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II. Angular distribution of J1 e events. 

The distributions of the colinearity angle and the momenta have been 

2-5 calculated by many people, but they can reveal little of the slntcture of 

weak interactions. Being interested in parity vio1ation effects in heavy 

lepton decays, we calculate here the asymmetry in the cose distribution of 

m11ons and electrons in the final states of the fie events. (Ficure 1.) 

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 or other heavy badrons stable against strone: and e leet ro-

magnetic decays. To make sure that final light leptons originate from 

hea.vy leptons, one should select out the fL e events with no accompanying 

hc:drons. 

The interaction for heavy lepton decay is written in the Fi.erz-

transformed four-fermion form as 

Lint = ( ~ 'fi) { 'fv L ( Cs + c5 is) fy_r} 

+ <-f~fL){'"f')IL)'Ccv + c~Y5)"f)JR. J 

+ H Y;_ a;"YL~ t L a-" I( C cT + c;is)fvt J 
+ <t~is1t~fvLY>-J's(cA + c~ls)fvl J 

+ C"/J i 5fr)lt"L15Ccp + c~15 ) *'I}, 

( 2 .1 ) 

where 1J. and ~£. are Dirac fields of a light lepton ( f or e ) and I. ts 

neutrino, "fL and fvL are Dirac fields of a heavy lepton and \ls neutr.\.no, 

and the convention of the i matrices and the metric tensor is the one that 
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10 
is found in Reference 9. As is usual, we define 

a = + fC~j2 + fCpf2 + Jc~f2 

b = + rc~f2 + jCAI2 + jC~f2 • 

C.= 
. 2 I 2 

ICTI + fCTf ' 

d.= Jcsl2 + Jc;f2 - fCpf2 jc~f2 

(2 .2) 

'* ' * * ' '* ~· = -( CgCp + CsCp - CgCp - Cs Cp ) , 

and also 

A0 = a + 4b + 6c , 

y = (3b + 6c)/A
0 

, 

(2.)) 

~ = (-Ja'- 4b' +14c')/A
0

, 

C = {3b' - 6c')/(A0 ~) • 
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If the heavy lepton current is of V - A prior to the Ficrz tran!;for111, 

one finds that y = o = 3/4 

that p = S = 0 and ~ = 3. 

and ~ = 1. If it is of V + A, one finds 

In either case, ~ = 0. In the pn:!!;ent paper 

the inass 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 (~s a vector) with the 

positron beam transversely polarized. We consider the angular dls tri butlon 

of light leptons of negative charge in the final states of such a process. 

(Figure 2). The other cases are obtained trivially from this case. Only 

the one-photon annihilation is taken into account. In computing the 
2 

differential cross section we follow the method of Tsai modified to a 

manifestly covariant form. 

The L +r.- production cross section with L +r.- polarized arbitrarily is 

· given in the e+e- laboratory frame by 

= w ' (2.4) 

w = w1 + P w2 + o(nJ) , (2.5) 

w1 = 2{<Pk)(P'k') + (Pk')(P'k) + {i!2M~{t- (ss')J 

2( t ' 2 2 • 2 [ t • ' ' J - q sP )(s P) + }(q ) (ss ) - q (sk)(s k ) + (sk )(s k) 

+ 2(sP')[(Pk)(s'k') + (Pk')(s'k)} 

+ 2(s'P)[(r'k)(sk') + (P'k')(sk)} , 

W2 = -Mq2 f(sk) + (s'k) - (sk') - (s'k')J 

(2.6) 

, (2.7) 
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where 

magnitude of e+e- beam polariZations, 

four-vector polarization of L- (L+), 

M mass of L± • (2.R) 

four-momentum of initial c-(e+), 

= I£1/P0 , and • q=k+k. 

The differential decay rate of L* is given by 

n r-
Po .:.:...J.._ = A- + (sp) B 

dJp 
(2.9) 

-
for r.- + - - + and a similar expression for L with A and B replaced by A 

and B+. Here p is the four-momentum of the light lepton. In the 

approximation of ignoring the square of the light lepton mass, the invarlant 

decay amplitudes A* and B* are given by 

A±_= AoM yfJ( ~- y_) + 2j>( ~ _ !i) + JmM'J(!:1 _ L)J, 
96.Ji-P 

0 
t 2 M . JM 2 y 2 M 

(2 .10) 

B± = + ·. An"-12 ~ {c !:1 - y_ ) + 2~( ~ - M ) } 
96~p 

0 
2 M . JH _ 2 ' (2.11) 

where y = ( pP). 

+ The final phase volume ts fully intec;rated over L , so thn t Lh(~ 

' s dependent terms in (2.4) - (2.7) do not contribute to the diffP.rential 

• 
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prorluc lion cro~s f~ection p
0

( do' /d 3p). Tho spin dependence of L- in 
. -

des' /dn L and p
0

( d r-/dJ£). is correctly included by putting them 

together as 

and 
~}J. 

W are defined as 2 

(2.12) 

(2.13) 

± :i - -
where r is the branching ratio of L into J + l{ (l'J) + VL(lly), r is 

the decay rate in the e + e- laboratory fro.me of 'L- 1 + lj + VI. in tec;ro. ted 

over the entire phase volume, and p is defined by 

(2.14) 

Equation (2.12) is integrated over dn 1 with .r_ kept fixed. Measurinc 

the solid angle of P with respect to .R• one can inter;rate over the azimuthal 

angle cf> • The polar angle 9 should be replaced by a new variable y = ( pJ') 

c: pP
0

( 1 - f3 cose) 

I cOS e I ~ 1 and 

+ O(m2). The region of integral over y is restricteri by 

0 ~ (P - p)
2 ~ (M - m)

2 
to 

Max( mr~, 

up to 
2 

O(m ). 

2 
XJ\1 ) ~ y ~ Min( ~2 , 
1+}3 

We thus obtain 

xM2 
1-p ) (2.15) 

dx dcos8 
= 1(~~ 21 ) { (1+cos2s)c 1(x)+(kos2s--l)G 2(x)-2~PcosA c3( x)J. 

q + -1-m'l 1·1 2 . 

(2.1()) 

whem x =J,rl/k 0 , i = P0 /N, 9 is the emb~~ion anc;le of tho Ue;ht lepton 

1- measured from the diroct~on of the electron beam momentum _!, and 
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c1(x) = ( 1 + 2}z )[ { ft f 2(x)- ft r 3(x)} +y{- ~ f2(x) + ~ fJ(x)J 

+~1ftr1 (x) -~f2(x)}J, (2.1?) 

c 2(x) = x;z [ {- t r 3(x) + h f4(x)} + x;2 f 1 ~ 8 fL1(x) - 1;,0 fs(x) J 
+ P{i2 rJ(x) - i2 f4(x)} + ~2 {- k ,f4 (x) +to f5(x) J 
+ ~'l!- t f 2 (x) + t r 3(x)J+ ~;rz { h r3(x) - ~ f 1/x) }). (2.1FI) 

G3(x) = x {t f1(x) - i r 2(x)} + S x {-! r 1 (x) + ~ f2(x)} 

+{- tr f2(x) + ~4 fJ(x)}+ x~2 { tB f3(x) - k f4(x)} 

,+ sfkr2(x) -~fJ(x)}+ x;z f-kfJ(x) +~f,/x)J, (2.19) 

·n 

f 0 (x) =( ~4 { Y~ax(x) - Y:in(x)J . (2.20) 

In Equation (2.20), Ymax(x) and Ymin(x) stand for the upper and lower 

limits of integr.al n:s given in (2.15). 

~le write the production cross section of light leptons in the fonn of 

(2.?.1) 

The intecral of R(x;co~le) in cos9 and x over the entire range of phy~:dca1 

' ..; ( + - + -) rec;ion tends to unt ty as /-+OO, thus ]canine; to · iftot e o - L L --+ 

_, ( + - + -) utot.,e e -f)-A • 
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Tf one mea~~ur,~s the P.missl.on ant:lo of J+ in~tead of 1- in the procec:-:; 

under consideration, one should replnco the polartzation JD by -JD. The 

same ::;witch of sic;n should be done when 1- is measured in the annihilation of 

a tr-c.1.nsversely polarized electron beam.with a positron beam polarized 

lon61tudinally alonG the positron beam momentum (opposlir: to the electron 

beam momentum). The formula (2.21) is valid in the case that 1.+ is measured 

in the annihilation of a transversely polarized electron beam and .a podtron 

beam polarized alon0 its own momentum. 

III. Numerical estimate. 

A numerical estimate has been done for the magnitude of cro~s section 

in terms of R(x; cos2e) and for the asymmetrycl(x; cos2e). Both of the~e 
+ quantities are ·dependent on the velocity of I. • We have plotted here the 

results for the V - A and V + A currents provided that (ll.J) current is 

always of V - A. For t-1 ~ 2.0 GeV, R(x; cos2e) and o< (x; cos2e) ar~~ 

insensitive to the light lepton mass even near x = 0, so we have drawn the 

curves form = me~ 0. General behaviors of R and ci arc rather insen~ltive 

to values of Y as long as 1 is larger than three or so. Unlike tho 

collinearity angle or the momentum spectra in the annihilation of unpolarizcd 

or transversely polarized bea'!ls, the asymmetry cl. will distinguish V - A ·. and 

V+ A clearly. The magnitude of the asymmetry tends to unity at cos8 = .± 1 

and x = 1 as Y-+oo, as is expected from helicity conservation. The 

!l)agni tude of cro~s section approaches zero as x _. 1 since L + decay into 

three bodies. To obtain the maximum efficiency, one should choose tho reg1on 

or 
o.h ;S x ~ o.6 (3.1) 

• 
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or ponnlbly 

X .$ 0, 05 , (J.2) 

and stay in the forward-backward cones of, say, 

fcosel.$ 0.5 • (J. J) 

In Fi.e;ure 3 are plotted the cross section in tenns of the quantity 

R(xi cos2e) and the asymmetry o( (xi cos2e), both defined in (2.21), as 

functions of x =lr_l/k
0 

at "i= 2, 6, and 10. The cose dependence of d. 

has been shown in Figure 4. Finally, fixing values of x at 0.5 anrl 0.05,· 

we have plotted the 1 dependence of of. between T = 2 and Y= 10 in 

J.i'igure 5• 

IV. Comment. 

Semileptonic decays of charmed hadrons or other heavy hadrons stable 

ae;ainst strong and electromagnetic interactions can produce fe events, but 

the criterion of selecting the pe events with no accompanying hadron, 

charged or neutral (except for K~), in final states eliminates all but 

+ -e e -:-+ 
+ 

If stable D 
+ and F are of 

Jp = 0- as the "'/ spectroscopy suggests, the branching redia into (1 Jj) 

is negligibly small in the V ~ A interactions. + and F of JP = 1-

should decay through weak interactions, one mic;ht have to separate them out. 

But, strong dampinr; of form factors will suppress two-body hadronic channc lr; 

so severely .that we would hardly worry about thi!> possib1lity. Becam;c or 

this reason we have proposed here to examine only the fe events rather than 

inclusive f (or e) prod;1ct1on. 

• 
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Fir;ure Cnptions 

FiGUre 1. 

Figure 2. 

Figure 3. 

Figure,4. 

Figure 5 • 

A p.e event with an electron beam polarized lonr,itudinally • 

+ -Kinematics of p-e events in the c e laboratory frame. 

Production cross section in terms of R(x; · cos2tl) and 

asymmetry parameter c:J. (x; cos2s) as functions of x ==lpl/k 
- 0 

at cos8 = 1. See Equation (2.21) in the text for the dofinit1ons 

of R(x; cos28) and o<(x; cos29). 

Asynunetry parameter c:A (x; cos28) as a function of r~os8 

at X ;:: o.$ and X ;:: o.os. The value of 1 is eqUa.l to 10 

in the both cases. 

Dependence on t of asymmetry parameter cJ. (x; cos28) 

. at x = 0. 5 and x = 0.05. The top two curves are those for 

x = 0.05 and the two bottom curves are those for x::.: 0.5. 

The value of 8 is equal to 0° in the both caseso 
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figure 1. 
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