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p, e events in electron-positron annihilation with longitudinally polarized beams
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Muon-electron production processes are examined in the case where one of the electron-positron beams is
longitudinally polarized. A special emphasis is put on the asymmetry in the angular distribution of muon (or
electron) emission to reveal the structure of weak interactions of possible heavy leptons. The angular
asymmetry will easily distinguish between V —A and V+ A for the weak current of heavy leptons.

I. INTRODUCTION

The p, e events discovered at SPEAR' indicate
the existence of heavy leptons. Details of their
decay properties are of special interest from the
viewpoint of weak-interaction theory. At the pres-
ent moment little is known about their identity be-
yond the fact that they decay into a, muon or an
electron through three-body decay. The distribu-
tions of the collinearity angle and the momenta of
p, e are insensit;ive to whether the weak current
of the heavy leptons is V -A or V+A.' ' It is
rather difficult to distinguish between V -A. and
V+A through the collinearity angle and the mo-
mentum spectra.

Meanwhile, large transverse polarizations have
been obtained at SPEAR in the vicinity of vs = 7.4
GeV. It is expected that large polarizations will
be obtained more easily at PEP and PETRA. '
Since transverse polarizations are not very useful
for the purpose of exploring weak interactions,
or parity violation, ' it is desired to rotate one or
both of the beam polarizations into the longitudinal
direction. ' The parallel longitudinal polar izations
would be most appropriate for our purpose, but it
is almost equally useful if one of the beams is po-
larized longitudinally and the other beam remains
unpolarized or transversely polarized. We exa-
mine in this paper the angular distributions of
muons and electrons in the p, e 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 instance, in the asymmetry of the
angular distribution. This asymmetry in the emis-
sion angles of muons and electrons is large enough
to distinguish easily between V —A. and V+A for
the heavy-lepton currents.

pie, ' ' but they can reveal little of the structure of
weak interactions. Being interested in par ity-
violation effects in heavy-lepton decays, we calcu-
late here the asymmetry in the cos6) distribution
of muons and electrons in the final states of the
p, e events (see Fig. l). 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 hadrons stable against strong and
electromagnetic decays. To make sure that final
light leptons originate from heavy leptons, one
should select out the p, e events with no accompany-
ing hadrons.

The interaction for heavy-lepton decay is written
in the Fierz-transformed four-fermion form as

+ (0t xgi)t kvt. Y(~v +~v''Y, )jul ]

where g, and g„are Dirac fields of a light lepton
(p, or e) and its neutrino, g~ and g„~ 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. 9. As is usual, "

II. ANGULAR DISTRIBUTION OF pe EVENTS

The distributions of the collinearity angle and
the momenta have been calculated by many peo-

FIG. 1. A pe event with an electron beam polarized
longitudinally.
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we define

a =IC.I'+I C.'I'+IC I'+IC'I',
b =Ic,l'+Ic', I'+Ic I'+Ic,'I',
c=lc I'+Ic', I',
~ =Ic,l'+Ic', I'- Ic,l'- Ic,'I',
p=lc, l'+Ic', I'- Ic„l'- Ic„'I',
a' = —(CsCp +CsCp+CsCp+Cs Cp),
b' = C~C~*+C~C~+C~C„'+C~*C~,

c =-(Crcr +Crcr),
(CsCp*+CsCp —CsCp —Cs Cp),

p' = C vC„*+ C'vC„—C vC~- C v C~ ~

and also

(2.2}

Ao =a+4b+Gc,

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

q = (n —2p)/Ao,

$ = (-3a' —4b' +14c')/Ao,

& = (3b' —sc')/A, $ .

(2.3)

If the heavy-lepton current is V —A. prior to the
Fierz transform, one finds that p =& =4 and ( =1.
If it is V+A, one finds that p=& =0 and ( =3. In
either case, q =0. In the present paper the mass
of the neutrino associated with the heavy lepton

FIG. 2. Kinematics of p, e events in the e+e laboratory
frame.

is assumed to be zero.
I.et 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.
2). The other cases are obtained trivially from
this case. Only the one-photon annihilation is takeo
into account. In computing the differential cross
section we follow the method of Tsai' modified to
a manifestly covariant form.

The L'L production cross section with L'L
polarized arbitrarily is given in the e e labora-
tory frame by

der o.'p
dQi (q')'

w =w, +6'w, + o(m, '),
W, =2[(P k)(P' k')+(P k')(P' k)+-,'q'M'][1 —(s. s')] —q'(s P')(s' P)+-,'(q')'(s s')

—q' [(s k)(s' k') + (s ' k')(s' k)] +2(s P') [(P k)(s' k') + (P k')(s' k)]

+2(s' P) [(P' k)(s k')+(P' k')(s k)],

W, = -Mq' [(s k ) + (s ' k) —(s k' ) —(s
' .k' )],

(2.4)

(2.5)

(2.6)

(2.7)

where dl
Po s =A +(s P)B (2.9)

6' = magnitude of e'e beam polarizations,

s„(s„')=four-vector polarization of L (L'),

M =mass of L'
(2.S)

P„(P„')=four-momentum of I (L'),

k& (k'„}=four-momentum of initial e (e'),

p =II'I/P. , and q =k+k'.

The differential decay rate of L" is given by

for L 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 lepton. In the approxi-
mation of ignoring the square of the light-lepton
mass, the covariant decay amplitudes A ' and B'
are given by

A'= 96'4P y 3
2 M

+2p
3M

(2.10)
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(2.11)

where y = (P P).
The final phase volume is fully integrated over

L', so that the s'-dependent terms in (2.4)-(2.7)
do not contribute to the differential production
cross section P, (do/d'P). The spin dependence of
L in dv/dQ~ and Po(dl' /d'P} is correctly included
by putting them together as

2 2

dQ~ dsp jq2j I'

where W, and W'," are defined as

—=, „,[W, +(s„W,")+(s„'W,")+(s„s',W,"')],
dQ~ (q')'

(2.13)

P„=P„-P„(P P)/M'. (2.14)

Equation (2.12) is integrated over dQ~ with p
kept fixed. Measuring the solid angle of P with
respect to p, one can integrate over the azimuthal
angle C'. The polar angle 0 should be replaced by
a new variable y = (p P) = pPO(1 —p cose) + O(m').
The region of integration over p is restricted by
I
cosOI -1 and 0 - (P —P)' ~ (M —m)' to

xM2 xM2
Max AM, & p ~Min &M', — (2.15)' 1+P '1 —P

up to O(m'). We thus obtain

where r is the branching ratio of L' into l'+v, (v, }
+v~(v~), I' is the decay rate in the e'e laboratory
frame of I - l+ v, + v~ integrated over the entire
phase volume, and P is defined by

$6p~2y'2
, —

}
[1 +cos'8)G, (x)+ (—,

' cos'8 ——,')G, (x) —2$(P cos8G, (x)j,dxdcos8 q' I +4m@/M (2.16)

where x =~p~/k„y=P, /M, 8 is the emission angle of the light lepton l measured from the direction of the
electron beam momentum k, and

&(n)=()+ n, (( —,', f(n)-lf ( ))+n(nlf (n)+ ', f (n-i)+
nf n(

—'f (n) —if ( ))),2y'

G, (x) = —.~[-lf, (x) + ,', f.(x)]+—,[,—'. f, (x) ——„'.f, (x)]+&[ ', f, (x) —,'. f—,(x)1—

(2.17)

.[- —' f.(x)+ —.'. f, ( )1+ M
[--'f.( )+-'f, (x)]+ M, [—,'. f,(x)- —.'. f, ( )l~,

G, (x) =x[—,
' f (x) ——,

' f (x)]+&x[-—,
' f (x)+—,

' f (x)]+[-—,', f, (x)+ —,'4 f, (x)]

(2.iS)

+, [—.'.f.(x) —.—'. f (x}]+6[-'f.(x)--', f (x)]+ .[-.'. f (x)+ .'.f (x—)], — (2.19)

n

fn( ) =
2 [ynnax ( ) y min" ( )] ~

M (2.20)

=r'o„,(e'e —V, 'V. )R(x; cos'8)
dx d cos(9

&& [1+n(x; cos'8)6' cos8]. (2.21)

In Eq. (2.20}, y,„(x) and y;„(x) stand for the
upper and lower limits of integration as given in
(2.16).

We write the production cross section of light
leptons in the form of

switch of sign should be done when ~ is measured
in the annihilation of a transversely polarized elec-
tron beam with a positron beam polarized longi-
tudinally along the positron beam momentum (op-
posite to the electron beam momentum). The for-
mula (2.21) is valid in the case that l' is measured
in the annihilation of a transversely polarized elec-
tron beam and a positron beam polarized along its
own momentum.

The integral of R(x; cos'8) in cos 8 and x over the
entire physical region tends to unity as y- ~, thus
leading to a'„,(e'e -L'L )-v...(e'e —V, 'V. ).

If one measures the emission angle of l' instead
of / in the process under consideration, one
should replace the polarization 6' by —6'. The same

III. NUMERICAL ESTIMATE

A numerical estimate has been made for the
magnitude of the cross section in terms of
R(x; cos'8) and for the asymmetry o.(x; cos'8).
Both of these quantities are dependent on the veloc-
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and stay in the forward-backward cones of, say,

icos8i60.5. (3.3)

In Fig. 3 are plotted the cross section in terms of
quantity R(x;cos'8) and the asymmetry n(x; cos'8),
both defined in (2.21), as functions of x =~p~/&, at
y=2, 6, and j.0. The cos6I dependence of a has
been shown in Fig. 4. Finally, fixing values of x
at 0.5 and 0.05, we have plotted the y dependence
of e between y =2 and y =10 in Fig. 5.

FV, COMMENT

Semileptonic decays of charmed hadrons or
other heavy hadrons stable against strong and elec-

tromagnetic interactions can produce p. e events,
but the criterion of selecting the p. e events with
no accompanying hadron, charged or neutral (ex-
cept for Ko~), in final states eliminates all but
e e -D D (I''P )-p+e+v„+v, . If stable D' and
E' are of ~ =0, as the g spectroscopy suggests,
the branciiing ratio into (lv, ) is negligibly small in
the V +A interactions. If D' and I'"' of Jp =1
should decay through weak interactions, one might
have to separate them out. But strong damping
of form factors will suppress 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 p, e events rather
than inclusive p (or e) production.
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