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INTRODUCTION

The electron-positron annihilation processes represent
a valuable source of information on weak neutral currents.
The very fundamental question whether neutral currents couple
to charged leptons as gauge theories sdggest; can be elucidated

through the study of such reactions.

In general, reactions of the typé e+e1-9 anything can
provide information on the properties of weak neutral currents
vin the three following ways: .

a) Through the study of the asymmetries in the angular

"distribution of the produced particles.

b) Throﬁéh the gtﬁdy:of fhe stﬁté”o%~;olarization of tﬁé prao-
Tduced parficies. o A . :. x;
¢) Through the study of the behavior 6% thélfdfé{ ;ros;”scction
for a total center-of-mass energy of tﬁeﬁorder of the mass

of the intermediate neutral vector boson Z.

Several authors have considered the experimental implications
of weak neutral currents for the process ete™ syt "Ehe
three different aspects mentioned above have been under continu-
ing theoretical study during the last few years. Nowadays therc
exist numerical estimates for the theoretical expectations cf the

2

proposed experiments. A1l such estimates were made within tie

context of the Weinberg-Salam type nodels.

448’



The contribution 1 will present today has been performed
in collaboration withoA. Zepeda. The . aim of this contributien
is twofold: first, to propose a new electron-positron colliding
beam experiment for the confirmation of the existence of
weak neutral currents, and, second, to providé a possibility
for understanding the nature of its hadronic part.

For definitness we'shatl restrict olfselves fo the Wein-
berg-Salam modél, so that we will assume that the neutral
current is of the V-A form. ' Furthermore, in order to facili-
tate the discussion we restrict ourselves to 1=0 and 1
currents. This last assumption which will ‘be very relevent
for our purposes is in agreement with present-day models which
generally "build up""the ‘Currents in a bilinear fashion out
of a set Jf fundamental dbjects (quarks) with isospin restrict-
ed to I=0 and 1/”:3 So ‘we aré assuming that the hadfonic
part of the weak neutral cur}ent carriés the duanfhm numbers

150F)c = 1Y(17)-; 07 (17)- and 1-(1%)«.
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I1. The Proposed Experiment

.

With the above assumptions in mind let u$ consider’the

process:

ete” » atn n® (1)
.G-parity conservation tells us that the first piece of

the hadronic weak neutral current does not contribute to this

process. The second piece provides a eontribution which has .-

the same quantum numbers as the electromagnetic current, final-

ly the third piece provides an axial vector contribution with

charge conjugation C:.= + 1. . p ‘

Therefore, because of the different charge conjugatien
properties and different parities of the electremagnetic currant
and the axial part of the weak neutral curFeqt; the inter-

ference of the amplitudes: S o

+ - + - 0
ee +y-+>1TTW
and

+ + -
e'e” » 7 > a un®

gives rise to charge asymmetries as well as to parity violating
effects in the angular distribution of the produced pions.
Obviously, the same asymmetries should arise from\the product

of the vector and axial vector parts cof the weak neutral current

in the square of the weak amplitude.
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It is clear that if the hadronic neutral current does
not contain an axial part, (as in the casc of the Beg-Zee model),
then there are no asymmetries at all since the quantum numbers
of its vector part are the same as those of the electromagnetic

current.

let q_, g, P_» Py Po be the four-moménta of the elec-
t;on, positron and the pions respectively in the center-of-
mass frame of the electron and positron. Then the amplitude for
the reaction (1) is as follows, assuming that it proceeds’Via

one photon and one vector boson exchange only (Bjorken and

Prell convantions ' are used throughout this work):
u pv
21 u 1 Hv L
M=o 1L+ (vtay) g 08 ==} [V + Ayl
-2 S-M .
2 2
where
P.=pyo+p_*+p S=pz
r + o o’ r
wo_ . —
| R em i quu
vy = 9,Me &V Y, u
a, =9, m, i v Y, Ys

[}

L describes the y+n+n'n vertex, 'Vv and A describe

U .
respectively the vector and axial vector parts of the

4+ - r
Z-1" 1710 vertex, e being the electric charge and g, and

9.0 The weak vector and axial vector couplings to the elcctrons
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L‘I and vu are axial vectors antisymmetric in their

dependence upon p_, p_ and Po- That is oo Kt

L = jee
(Y “Tuvpao

[o]

V = ig 1 pg F2

v
H veuvpc Py P
where Fl and F2 are Lorentz scalars symmetric in their
dependence upon Pys P_ Pg-. On ;he other hand ﬁA, is a vector
symmetric in p, and p_

Ay = a0 (py*p ) Fg + (py-p )Fy # Py Fg

where F3 and F5 are symmetric im their dependence upon
p, and p_ and F4 is antisymmetric. 9y and g are the weak
vector and axial vector couplings oF the weak neutral current

to hadrons.

In the extreme relativistic limfiit and for the case of
unpolarized initial particles standand calculation leads (after
integration over the variables of tte unobserved no), to the

following expression for the parity conserving part of the

differential cross section (1):

do J 1 d Emax : EmaX“' 2
de d.a = 4 Sin0+5‘in0_ [ dE** ! dE_@(l-COS
‘+ - 8(271') S . 3 M ; M‘ 1

e, )

x ©[coso, - cos(o,+0_) ]9[:250'5(04—0_)-c050+_j
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r]féésé; -cos(o 10, )] l/2| cos(t -0 y- cosf‘+ .= 1/2

x {D+ p2 [C1+cos (0,+0_)cos(v,-0_)-2co5,c0sC_cost,

~ . Lk SR I
x [8nla?|F|2 + ;—-2- 4rag, g, Re F) F)
(2 v
2 2 2
+ —S o (g% + 92) of IF,1% ]
2(s- M )
s 21227 g 12%a2 LT ey
'r———~—-—(9+g)gl(!F+rlp*IF-F!p_)
4(s- M ) o' ahﬁe" 3.8 ¥ niedned +1

[
Lo - = . " T
o 3 TE Wil ey

X (s1n20 +sin O ) + a(|F4] -'F4 ) =Kt

x (cos@, -cos),cose_) [}

9,9,75 : -y

———%—— (coso, - coso_)[coso,_ - cos(e, +0_) ] Rk

S- MZ

x [“cos(e, - @_) - coso, _ ]')/2 (1+#coso, )ip,|1P_|
. T -y 1 ?_':"l'ii?‘;' T - 4 WK .‘!.':\'J ; ¢

2 , _"-‘_ : Sg g o S 7 -5 -»> R
xRe {[C2wary + b FETLRIE, 148D
A s 4 -"Zn 3 W # e

J y ; 3 Ly Y B o0y o )

*

+ Fo 1B, -1R_1)

Where B pg ., E_ = p? » 9, and @_ are the orbital

angles of the x and 7 respectively, O, being the angle

+

between them.
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3 is the maximum energy which can be carried by either

E Y 5‘3"2

m
& a s

M being the mass of the pion.

It can be seen easily that the former expression can be

splitted into two parts:

a) A part which is charge symmetric.
3
(

4 i x y . 2, 2
It contains az, ag, 9y (gzv + g7,)9y and gv+ga)g :

We shall call it do°

b) A part which is charge antisymmetric.
It is\proportibnal°t6”gagA and 9,929,9y We shall call
it d @ i

Now Yet us note that in the former expression for the dif-
ferential cross section .parity violating. terms .do not appear.
The reasbn is that we have integrated over the aximuthal angles
of the =’ and m . If.we integrate one of the two azimuthal
variables, say ¢, either from o to = or from r to 2, then
the parity violating part of the cross section remains and we

obtain the following expressionQ
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g0t < o g5 e 4T 4o PY
E E
N LR
vhere
[4¥) r 4 s, >,
deS - }d6%; do® =25 ac®?
N dox o Emax Emax 5
dogP' = 2+ —T——3— sino,sino_ ] dE, | dE_a{l-cos%o, )
W 16(27)"s i1 i ‘

x 0 cosa, - cos{o,+0_) jol cos(o,-0_ Y-cosa} 7.

- oo *
X /s > (cos(—)+ + cosc_) |p+lﬁ_{ Im {{ 2mag,9,F;
s-MZ
2, 2
s(o9,+9-)9y3, _ . _ _ . & -
p —Y 2 VA ey TR (1B, B )+ F U, -1 ]
2(s-Mz)

The subscript E(W) and the +(-) sign refers to the integration

of ¢, from o ton (v to 2r). Im both cases ¢ _ s

integrated from o to 2r. In Eq. (14) there are no parity

o

violating terms proportigonal to ugagv: gvzgagvt or .gagngé;

the first two are identically zero whiie theltﬁird does not
contribute due to the symmetry of the (E,,E_} domain of

integration.

S

do> , do®? and dé?y can also be recognizéd By their
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dependence on cos 0+ and cosO. This-s;urciure imp&ies

4" A .
S, do®? and doPV have 'different "parities*” under

that do
the angular inversions listed in table 1. From this table we
can see that the maximum information on the presence of the

neutral currents is obtained by measuring the following asym-

metry parameters

c -0
A = o B
O "8,
Ao, - Ac
°N + os
where
n/2 -0
o] d"
O = J de, J dO; -
0 "/2 d0+d3_
0
w/2 n/2
oy = do, | do_ 0 (2)
o ‘o do,de_
o o
1*00 'ﬂ'-\,o
= do, [ doge S8 -, ()
0S + | e -
J dn,de
n/2 n/2 e -

Aoy (Aos) being defined by an integration, analogue to that iin

eq. 2 (3), of Ado = dog - doy. 0Oy is some given angular

cut-off determined by the measuring apparatus.

As we have already indicated above, both AC and Ap are
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10.

identically zeFo if the neutral current does not couple axially
to hadrons. Ifhitiabes cou%ie, thbn;tho following takes plaro:
Ac sis AénQQerd ifﬁand on]y.if the nédtra] current couples
axially tc the ete” state. Ap is zero if and only i the
neutral current does pot couple vectorially to both lepltons andg

[

hadrons. However for low energies, such that

2
s(g,” + ga%)lgngl << 4ﬂuigng!lS;ﬁzzi-

the last premise reduces..to the neutral current being couplec -
vectorially to Jeptons. [The . above statements follow from the

following relations obtained from: table .l:

U§+ = JE- : GEi = ci?
S
Og = ca, oga = oﬁa =0, Aogv = - Aoﬁv
Thus
ca PV
A = i’.g. A =) -A—vi.
? o,. P .GNS

. e g h 1
In order to obtain a2 numerical estimate we will use

- (6/272)Y% my(1-4 sino), g, = - (6/2/2) 2,

[{=]
<
n

- (86//2)/2n, sin?o, 9y = - (/75172 Hy o



sin20 = 0.35, MZ = 75 GeV, c¢s well as simp]ified models for

the form factors F, ,. Saturating L, and Vu with the
w resonance coupled to one pion and a2 © meson in all possible

ways we get

m “g - - b ks
w Jpoww — V2 2 . -1
———te—— {[_(p,+p_)}"-m_“-il m ]
s-m 2eirm Tt § oag
W O w

+ [_'_(p++po)2-mp2—il‘pm.p ]-14|:(p0+p_)2-m§—irpﬁoj 1

1

where g = 29 GeV ", as obtained from a fit to the width

pwT
Assuming that the axial current couples to thé ‘three-pion 'statc
through the f resonance (Z > 7% + f,°f *"n'n") " we get the

following expressions for F3 and F4.

gf“n(P+‘p_)2P°' (p++P_)

(¢)
3mf3 [(P+*P_)2‘mf2‘irfmf i

Fy =

9¢nnPos (P4-P_)
By '* T (5)
mf[:(p++p_) “meS-iT eme 1

where PO 6.9 fits the f width. To obtain expréssions(4 )

and (5 ) we have used for the f propagator

l -~ -~ -~ ~ lﬁ -~
f'(Puond . Puu Pvp) 0 13 Puv pOC

2 2 :
(py +P)° = § - iTemg
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(=
[3%)

with 3W = -9,
instead of
EWE i g,u\_;,ic‘r .'-".(;p*r_:»c-h::pglﬁ(;;’y‘+=,-rnp§)3/m3f:r sl w3
i Sy S 0 [T R THIE A R TS M = e ST

This step has been -daken ;"'al‘:somdea/-";to ateBAudtethé guiekvniss .-
with the energy which <Fg¢and By show if we Gse *the faiilsiin
2 propagator. r.&ince aftew!this-impecvement 'F;. .and. F, -SEills
rise too quickly, we rhave madeia second ‘mqdificatiod "toTtRése ¢
form factors which consistis in mMdpl$ing texpFessions ‘¢4 §land’
(5) by a factor a?f/s. Without these changes the weak ampli-
tudes’ rise too: midckhy.s> ead g Y crtinzen Ldaryscun wly

:,-4’1 fog taon D)2 ( 9 =Er g hd ks ) 4 RIS
sl WEAR caar Al WeEE g Rl BN AENRES awelil ol cr=lorauntd

gvaania oant oY opetac, 2nafIsni 22270 prilasyre sed o and Gl

g ) 3

S0 mmek oune coisaeesdar dsow od? owe T o Isfrnernint TTi3agsm
+

rod to oannavaioiaial

~8
0
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13.
II1 Numerfical results.

Numerical integration of the above formulae has been
carried out by means of a Monte Carlo program on a UNIVAC-1106
computer. The kinematical constraints éssumed in the calculation
correspond to present SPEAR experimental conditions namely:
The total azimuthal angle spanned by either 7 n7  is taken
as 2w. The minimal angle between either n+w' and the beam
axis is given by cos 6, = 0.65. In addition, a minimal value

of 200 MeV was set for the energy of either m n .

Thé numerical results for the beam energy dependence of
the various parts of the cross section defined above are shown in
Figures 1-4. In these figures we also show the contributions
to the corresponding cross sections coming from the electro-
magnetic interaction, from the weak interaction and from the

interference of both.

Figure 5 shows the beam energy dependence of the parameters
Ap and Ac' As we can see from this figure these parameters
reach their maximum value {(3-4%), at beam energies of the order
of ~17 GeV. This is a very fortunate fact sirce such beam
energies will be available in proposed electron-positron col-
11iding beam facilities. (The electron-positron colliding

beam facility PETRA at DESY will provide a maximum total energy
of 38 GeV).

The measurement of the parameter Ap for the reaction
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14,

ete” » atnd® Wil provide unambiguos information about
parity violating effects. It represents an alternative to-
the use of po]arized‘beams proposed by some authors2 fof
the detection of this same effect. For the caﬁe of leptons

in the final state.

. Now, the question arises whether {he ﬁedsufemént of A
provides anvunamﬁ{buog signal bf-ihé axia]icbhpling‘of the
neutral currént to bofﬁ febtons and hédrohs. It i; evidehf
that the interference between the annihilation via one and two
photons will contribute also to this effect--due to the
opposite charge 6ohjugétion porpert{és of the one and two-
photon states-—-and then thé elimination of such background

remains an open question.
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IV Conclusions and Remarks

Electron-positron colliding beam experiments turn out to
be very desirable for understanding the nature of the hadronic

part of the weak neutral current, as the above arguments show.

It must be emphasized, however, that some assumptions go
into the calcu1ation of thg cross section which we are propos-
ing here beyond the postu]éte of the existence of a neutral
intermediate vector boson. Such assumptions are explicitly
mentioned in the text and-are, of course, in general agreement
with present day models. Hence the numerical values f§r the
theoretical expectatiqps of the expefiment which we propose
myst be taken only as an indiéation tp;f it shou\d be

possible to at least set limits on the magnitude of the weak

interaction effects.



16.

TABLE |

Transformetioh properties of the three terss in the differential
. erass sectiom. .

Bt 8, «x1-0, | 0> 70,
dcé/d@ﬂé; + + E
ddca/d64de; = + !
d¥P"7de de_ I . g ]
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