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'/Le Events in Electron-Positron Annihilation
with Longitudinally Polarized Beams
»*
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and
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Muon;electfon production processes are examined in the case whuré_ono
of eleétroﬁ-positrbn beams 1s 10ng1tud1na1iy polarizéd. ‘AISpecial
emphasis is put on the asymmetry in the'angular'distribution of muon
(df electron) emission to Ieveai the structure of weak interactions
of possible heavy leptons, Thé angular asymnetry will.eaéily
disfihguish Fetwgeﬁ V-A and V+ A for the weakicgrrent of -

heavy leptons,
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I, Introduction

| Thé_}ie evénts,discoveféd ét SPEAR 1 1qd;caté exisﬁehce ofvheavy
.leptohs. 'Details Qf.their decay perérties-afe of special‘interést from
the viewpoint df weak interaction theory. At the presedt'momént-lxttle is
kdoﬁn about theif identify beyond the fact ihat they décay into a muon. or |
an electron through three-body décay; The distributions of‘the cbllineérity
anglé and the mOmentg-of"fLe' are ihsensit;ve tb the wéak’cﬁfrenf of‘the‘

’ It is rather difficult to

'heavy 1éptons bging vV - A or V + A,
diStihguisﬁ ﬁetween V-A and V + A thréugh'the collineérity ahg]e and
the momentum-spectra. | | o |
Meanwhile, large transverse pblérizationsvhave been obtainedvat SPRAR
in the viéinity of J§!=.7.b GeV, It'is expeétéd.to obtain 1afge polarizations;,
more easily at PEP ;hd‘PETRA. Since iransverse polarizaiions are not vnry. -
useful for ihe_purpoSe,of_exploring weak intéractiéns, or parity viO]afién,7.
it is desired.to'rotate,ohe or_both of thé beam poiarizations into ihe :
1ongitudinairdirection{8 vThe'pérallel longitudinal polafizgtionsfwou]d_be
most appropriate for_our purpose, but it is almost eéﬁallyruseful if éne
of the beams is polarized longitudinally and the other beam remains
ﬁnpolarized;or‘transverseiy polarized., We examine in this paper the
‘angular distribu{iohs of muons énd electrons in the /;'e evenls wbgn-ohe_pr
.Lhe initial beams is polafized 1ongitudina11y. With thé'inipialenam
polarizednioﬁgitudinally,’broperties assoclated with parity will manifvgt
themselves clearly, for 1nstaﬁce,.1n the asymmetry of the angu]aridfsfri_
“bution, This a;ymmetry in -the emissioﬁ Angles of muéns and electrons'is
largé'enough to distinguish easily between V - A and V + A for tﬁe

~

heavy lepton currents,



I1, Angular distribution of M e events,

The distribufions of the colinear1£y angle agd the momenta have been.
calculated by many people,2 -5 but they can réveal.liitlé df tﬂp’s{fucturp of}
.'weak 1nteractions. Being interested in parity vlolation effects in heavy
lepton deéays, we calculate here the asymmetry in the cos@ disiribution of
muoné and electrons in the final states of the pLe events, (Ftbure 1.)

The same asymmetry in inciusive muon (éleCtrbn) production might serve our
purpose, but it would be largely contaminated by the muons (electrons) due :
v to charmed hadrons or other heavy hadrons stable against stron& gnd O]Pctro-
m;gnetic decays. To make sure that final light leptons originate from
heavy leptons, one should select out the /L e events with no accompanying
hadrons,

The interaction for heavyvlépton decay is ﬁritteﬁ in the Fierz~.

transformed four—fermiOn form as
Ling = (%Y’L){ %u 1(Cs + c5) “f’wz}
o R | :
+ BBIBLY Oy + 6T Vo |
+ %(')L;O;K j L){%L O}'((CT + C%YS)’P;JI} : : L (2.1)
* (%KXSYL){%L,Y)XS(CA * C,'Js)')[’m} - |
+ 3’5@?"7%75(% + cpe) Vin}

uhere‘y% and.Y;z are Dirac fields of a light lepton (/i or e ) and its
neutrino, WLL and )%,L afe Dirac fields of a heavy lepton and its neutrino,

 and the convention of the )’matrices and the metric tensor 1s the one ‘thatl



, . ' o 10 .
is found in Reference 9. As 1s usual, we define

. .
a= |c] + Jc5]? + [cp] ‘*,ICEI '
b= Jol® + |y + [c c,
‘el vl | ],
= 12 4 (a2
c.= |Cp|” #+ ICTl ,
‘__ | v, 2 . . ' 2 : 2
= lel lesl® - [cp” - [chl
2 2 12 "2 .
= g colc - 1,1 - |c -
= Il 1517 - fel® - 1517 -
a' = -( ooy’ + cScP + c:ScP + cS ) . | |
) % ] *‘ * ¢ [ E
o' = ~( Cport 4 Cpen ) ,
L= -(.CSC? + C5Cp - C3Cp - C5 Cp ) 4
. _ ) ,vv*" .~" %0 % |
B = OCa +CyCh - CiCy - Gy Cy
and also.
Ao=.a.+l+b+6c , |
p = (3b+6e)/a, ,
7 =(3-28)/a0 . N )

E = (=3a"' - 4b +1l¥c)/A ,

= (3v’ 4.63')/(Ao;) .
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If the heavy lepton curTeni is of V - A prior to the Flerz ifancfonn; o
oue finds that p = § = 3/“ and §f= 1. If 1t is of V + A, one finda o
that p = 5 =0 and t=13, In eitherAcase_, 7= O. In the- pmrent papc
“the mass of the neutrino assoclated with ihe heavy lepton 1is assumed to
be zero, |

Let us first calculate for the process in. which the electron beam 1ov
cpolarized 1ongitudina11y along its own momentum (as a vector) with the
positron beam tran%veroely polarized. We consider the angular dis tribution
of light 1eptons 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 Lhe
differential cross section we follow the method of Tsaizmodified to a
manifestly covariant form,

The vh- production croes section with L+L"Apolarized erbitraril&-is

- given in the ete” laboratory frame by

do - 28 o | -
i )3 v, | - (2.8)
Vo= oW+ P w2 + 0(n?) , - L | (2.5)

{(Pk)(P k') + (Pk")(P'k) + iq MZH1 - (ss’ )J

|
[
o

- @¥(sP)(s'7) + %<q2)2<ss') SCOICEN (") (s k)}
+ 2(sP ){(Pk)(s k') + (Pk )(o k)}
+2(s B[P (s + (p'kf)(sk)} —_— (2.6)

Wy = -qu{(sk) + (s'k) - (sk') -'(s'k')J , (2}7)



where
AJD' 3 magnitude of ete” - beam polariZations,
3“(5;.) 3 four-vector polarization of L~ (Y,
M 3 mass of Li, ' :
' (2.8)
gu(P; ) four-momentum of L"(L+), ‘
Kﬂ(k}') :+ four-momentum of initial e—(e+),
)8. =|P|/Py , and q =k + k'
The differential decay rate of‘L* is given by
oooars = A" + (sp) B™ o : (2.9)
Po T _ _Sp ' o

- for L and a similar expression for LY with A~ and B~ replaced by At
and_B*.  Here vp is the four-momentum of the light lepton. In the

approkimation of ignoring the square of the light lepton mass, the invariant

+

decay amplitudes AT and Bi are glven by

o g Loy by _wy g oma_y o) o)
AT SoE y[B(,;Z_ M)+2£(§%‘ 5 )+ G M)}'v,. | (2,1_0)._
+ _ ":vAnMZ / M ;‘ J L M _ v

B + 5 'Dog{('z ‘}Z{) +28(L3%;- :2-)} , . . (2.“ ) 

where y = (pr).
, ' . - + ‘ :
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'differentiai
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production cross cection p(dc’ /d3p). The spin dependence of L™ in
dq’ /dS'),LV and po(d r—/dBp)' is correctly included'by puitlng them
together as | '

2 2
d¢ = . KB T
o-dﬂLdBig (3T

{Tx’iA’- (‘5?«'2) Bf}. o (2.12)

- where ?fl and T.’JZ" are defined as

a0’ ) . . v . .
d_ﬂL —_ (2)3{‘41"!‘(7‘ )+( ‘13)"‘( ‘,W )} . | (213)

» . . 3. — - . i
where r is the branching ratio of 1* into [+ Y, (Y) +V (VL)_. I' 1s
"~ the decay rate in the e+e laboratory frame of L—» 1 + + VI integrated

over the entire phase volume, ‘and p is defined by
T, = v, - B(oP)M . (2.14)
Equa_,tion (2.12:) 1s integrated over dQL with p kept fixed. Measuring
the solid angle of P with.respect to p, one can integrate over the azin'nuthal‘
angle ¥, The polar angle @ 'should be replaced by a new varlable y = (pP)

= PP-O(iv_"ﬂ cds@) -+ O(mz). The region of integral over y is restricted by

lcos®] $1 and 0 g (P-p)? <M -m to

2 N . il o
Max( m;4, ;‘;p ) £ vy € Min(v—éﬂ 1-p ) (2.15)
up to O(mz). _IWe thus obtain
a0 _ 16ma2f?
dx dcos8 1(1+/+m7/ﬂ{(1+°°s 6)Gi(")“‘(z”“’ 9’2)02(")‘25PC°"9 5(x )}
o | | (2.16)

—

wher x =|p|/k°, Y = P,/M, 6 is the emission angle of the 1ight lepton

4~ measured from the dimcti‘on of the electron beam momentum k, and



6y (x) = ¢ - P )[{%fzéx) - Loy} «-f{-§f2<x) RN
| . ﬁ?!% f1(:x) _%fz(x)}';, . N (2.17)
Cz“’ - ;éz { £3(x) + 3‘5 f.‘*(x)} ;%5{_75 f"'(’v‘). - 175 f‘(")}
-”0{%‘5 £5(0) - L fu(x)} ;{;’7{ T RORE e o}
+ﬁlf 3 5200 + &y 2L 10 £ = 3 100 J] (2.1
G3(x) = { fi(x) -z fz(x)} + 8 { 1 fi(x) + = fz(x)}
H Lo+ 4 f3<x>} SR R A L A O) B
,+ 8{% fz(x) - .;_ f3(.x)}+ ;';;’Z {- %1: f3(x) + %77 f,*(x)}, (2.19)
fn(x) v‘g(']i—“z)n{‘}’;ax(x). - Y:ln(X)} . - | i. .. -. B (2.20)

In Equa.tion.(Z.ZO)', Ymax(X) and ypyn(x) stand for the upper and lower
‘1imits of integral as given in (2.15).

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

do* | 2 o }
‘dx dcos@ :_r tOt(e e '_’/'L f‘“) R(x cos 9){1 + (XI cos G)P(‘o 10

("’ 21)
The integral of R(x;cos 9) in cos® and x over the entire mhcc of - phy'zical

mgion tendo to unity as )/-?oo thus leading to o’tot(e e — 1, L ) —

+ - 4+ -
o’t,ot(e € —*/u/“)

v



If one me#surcs the emission #ngle of g% insteAd'of ' ih_the process
under-consideratioﬁ, one should replace the polarization P by -P.. The |
same switch of signvshould ﬁe done when ]; is measured in the annihilation of
a'transversely polarized electron beam with a positron bea; polarized
‘longitudinally along the positron beam momentum (Oppositztorthe electrén
" beam momentum), The formula'(Z.Zi) is valid in the case that.Jf is mé;surcd_
in the ‘annihilation of a transversely poiarized electron beam and a positron

bcam polarized alony its own momentum,

117, Numerical estimate.

| A nuﬁerical estimate has been doné for the_mégnitude of_croﬁs se¢tion
..15 ierms ijR(x; cdszé) and for the'asymmetrycx(x;.coszej, Bothbqf ihcse
-qﬁantities are -dependent on the vélocity of L+. We have plotted heje the
resulis for the V- A and V + A currents provided that Ly) current is
always of V - A, For M 2.2.0 GeV, R(x;_cbsze) and X (x; cosze) are |
1n§ensitive io‘the light 1épton masé'even hear X = Q, SO We have drawn the
curves for m = m,x 0, Generﬁlvbehaviors of R énd of are rather insensiiiye
to values of ¥ as long ;s. 7 is larger than three or so, Unlike the
cdliinearity angle or the momentum -spectra in the'annihilaiioh ofvunpolarizcd'
" or trahs&ersely polarized bteams, the asymmetry of will distinguish va A':aﬁd
V+ A clearly, The.magniiude of the asymmetry tends to unity at cosb = + 1

and x =1 as Y- oo, as 1s expected from helicity.conservation.r The
magnitude of érosévsection-apprOaches Zero #s x—=+1 since L+ vdecay into
vtﬁree bodles, To obtain the maximum efficiency, one should choose thebregion-
of

o S x < 0.6 | | ' (3.1)
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or possibly .
x < 0'905 . o | . o (3'2) .
and 'stay in the forward-backw;rﬁ cones of, say,

,cosB’:S 0.5 . . ' _ (3.3)
In Figure 3 are plotted the cross section in terms of the quantity -
R(x; cos@) and the asymmetry oL (x; cos“8), both defined in (2.21), as
functions of x :Ipl/ko at'72=2, 6, and 10, The cos® dependence of X
has been shown in Figure 4. Finally, fixing values of x at 0.5 and 0,05,

we have pthted the - ¥ dependence of of between » 7 =2 and v =10 1n

Figure 5,

Iv, Comment,

Semileptonic decays of charmed hadrons or other heavy hadrons stable
agalnst strdng and electromagnetic interactions can produce'ﬂe évents, bui.
the criterion of selecting the He events with no accompanyling hadron,

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

- - - : : + + :
efe”— D07 (FY'F7)— p4 e+ Y+ Vo . If stable D' and F are of
3¥ = 07 as the W spectroscopy suggests, the branching ratio into Uy)

. .

1s negligibly small in the V + A interactions., If D° and F+_ of JP =1
should decayv{hfough weak intéractions, one might:have fo.sepdrate them'out,
 But, strong damping of form factors will suppress two-tody hadronic channels
so‘severely that we would'hardly worry about this possibility; RBecause of

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

inclusive /t(or e) production.
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3.

A pe event with an electron beam'poluriiedvlqngitudinally;

+

_ Kinematics of pe events in the ete” laboratory framec.

Production cross section in terms of R(x;'cosze) and

-asymmetry parsameter  (x; cosZG)vasvfunctiQns of x :Ipl/ko

at cos® = 1. See Equation (2.21) in the text forvthe'definitiohs

of R(x; cos29) and K (x; c0s26) .

Asymmetry pérameter K (x; cos%8) as a function of cos®
at x = 0.5 and x = 0.05. The value of ¥ is equal to 10

in the both cases. .

Dependence on J of asymmetry parameter o (x; co;ze)

‘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 © is equal to 0° in the-both,cases;
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