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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 Suggest1 can be elucidated

through the study of such reactions:

In general, reactions of the type e+e3—9 anything can

provide information on the properties of weak neutral currents

{in the three following ways:,

a) Through the study of

L‘distribution of the

b) Through the study of

fiduced particles. 1,

c) Through the study of the behavior of the total cross section

for a total center-of—mass energy of thexorder of the maSs

of the intermediate neutral vector boson Z.

Several authors have considered the experimental implications

of weak neutral currents for the process e+e;l4vu+p' [the

three different aspects mentiOned above have been under continu—

ing theoretical study during the last few years. Nowadays ihcrc

exist numerical estimates for the theoretical expectations of the
2proposed experiments. All such estimates were made within the

context of the Weinberg-Salem type models.
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The contribution I will present today has been performed

in collaboration witt. Zepeda. The aim of this contribution

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 provide a possibiiity

for understanding the nature of its hadronic part.

For definitness we‘shaii restrict ourSeTves to the fiéinQJ

berg-Salam mode], so that we will assume that the neutrai

current is of the VéA farm: ‘FurthermOre, in order to‘faciii-

tate the discussion we restrict odrseives to I=0 and 1

currents. This 1ast assumbtion which wiii'be very neievent

for our purpOSes is in agreement with present—day models which

generaily "buiid up"“the;€urrénts in a bilinear fashidn out

of a set of fundamental‘dbjects (quarks? with isosoin restrict:

ed to P50 and 1/fi33 So we are assiming that therhadFonic I 7
part of the weak neutrai current carries the quantum numbers

IG(JP)C =1+(1')-;o'(1‘)- and 1'(1*)+.
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II. The Proposed Experiment

With the above assumptions in mind let us consider the

process:

e+e- + n+n-no (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 contribution 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. , , '

Therefore, because of the different charge conjugation

properties and different Rarities of the electromagnetic current

and the axial part of the weak neutral current, the inter-

ference of the amplitudes:

e+e- + y » n+n—no

and
+ - + —e e + Z + n u no

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 of 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 case of the Beg—lee model).

then there are no asymmetries at all since the quantum numbevs

of its vector part are the same as those of the electromagnetic

current.

Let q_, q+, p_, p+. p0 be the four-momenta of the elec-

tron, positron and the pious respectively in the center—of-

mass frame 6f the electron and positron. Then the amplitude tor

the reaction (1) is as follows, assuming that it proceeds via

one photon and one vector boson exchange only (Bjorken and

Drell conventions4 are used throughout thiS'work):'

u v

(99” - pr—p—v ) Wm M) 1
2S-M2 S—ML + (Vu+au 2

2

"U 1

ll ”'3 +

+ U
l

+

'U 0

U3 ll '0

—
l n m S _.. <1 .< c

. + - .
Lu describes the y+n n no vertex. Vv and ‘Av describe
respectively the vector and axial vector parts of the

+ _Z+n n no vertex, e being the electric charge and 9v

ga, The weak vector and axial vector couplings to the
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UV

L and VM are axial vectors antisymmetric in their
',l

dependence upon p+, p_ and p0. That is

z . v p aV“ Igveum 9+ 9_ Po F2

where F1 and F2 are Lorentz scalars symmetric in their

dependence upon p+, p p0. 0n the other hand .A, is a vector

symmetric in p+ and p_

Iii1 = gar: (p++p_)pF3 + “VP—’54 + Pm F5]

where F3 and F5 are symmetric in their dependence upon

p+ and p_ and F4 is antisymmetric. 9v and 9A are the weak

vector and axial vector couplings o? the weak neutral current

to hadrons.

In the extreme relativistic limfit and for the caSe of

unpolarized initial particles standend calculation leads (after

integration over the variables of tie unobserved no), to the
\

following expression for the parity conserving part of the

differential cross section (1):

d" 1 ‘ _ Emax . Emaxa 2
d?_d§ = ~——-——— Sin0+51n0_ I dEfl J dE_O(1-:cs G )+ - 8(2n)“s 'M' W +‘

x o[c050+_ - cos(0++0_) jel:co‘s(04—O_)-cose+_:l
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ld 1 .Emax Emax' 2
37‘:' = —~—~——-sin0 sine J dE I dE 0(1—503 G )

c 'J 4 + — H _ +_
+ - 8(2n) s 'M . M“L

x 9EC°59+- - cos(0++0_) jeljco‘swroj-cosehj
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|_cos(o+—e_)-cose+_ ]
; ‘ ad .»_3 n3.fl,.‘_ "x I: :-cos(0++0_) 1/2

A. __ . -.x {p+ p_ |__l+cos (0*+0_)cos(u‘—0_)—2co:s”§0§(’_COSi-+_j

v‘ .. ‘ "1t rwz:x E8n2a2|F1|2 + —i——2- 4n‘rxgvgv'R‘e F1 F2
s-M N

x (cosO+_—:057écosa_) j?

gag"? - —-1/2—— (cose+ - cose_)[:cose+_ - cos((-,‘+ + 0_) i

' . —-r-i - .s-g 9- “2‘ '1 , ‘ 4 -p .1:we {L'Zv‘aF’f + g {12“ F’z’fl‘EF3(fp+!+ip_F>
VA . W: N \ . -‘VZ|‘ : ,,:‘.~‘- I". _.

J . . 1 - . - ~ _, . . . l V. v

+ F4(|§+_-‘p’_w

Where E+ = p2 , E = p? , 9 and e_ are the orbital— +
angles of the n+ and n' respectively, 9+ being the angle

between them.

453;

x If]: L-éBs(O;+0;) j'l/Zi:eos(C+—e )-cos@+_ 1—1/2

x {33 52 [:l+cos (0++0_)cos(04—U_)—2coswco§c_coso+_ j

, . 2-  ‘ +2”+ ”"5277 ‘9 U” "41 p+ * !.F3.If4‘.,”—)4(s—H7, ‘,

x (cosC+_-:cs‘+cosa_) 1‘

(coso+ - cosO_)[:cosG+_ — cos(€+ + 9_) 1‘1/2

Where E+ = p2 , E_ : p8 , 0+ and e_ are the orbital

angIes of the n+ and n' respectively, e+ being the_angle
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E is the maximum energy which can be carried by either

E = s-3M2

M being the mass of the pion.

It can be seen easiiy that the former expression can be

spiitted into two parts:

a) A part which is charge symmetric.
. ' ' 2‘ 2 2 2It contains (12, ugvgv. (92V * g 319V and (9V+9a)9 -

He shaii caii it dos

b) A part which is charge antisymmetric.

It is proportionai‘to”gagA and gagAgn We shaii caii

it d ca

Now let us note that in the former expression for the dif-

ferential cross section parity violating.terms do not appear.

The reason is thot we have integrated over the aximuthai angles

of the n+ and n'. If\ne integrate one of the two azimuthal

variables, say ¢+ either from o to r or from n to 2B, than

the parity violating part of the cross section remains and we

obtain the foiloWing expression;
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do
2
:!
“

where

ca31
'2" dC

Ed0 de m
uS pv = t *—:———%— sin0+sin0_ J

16(2n) s M

ax Emax 2
dE+ J' dE_F)(1—cos..0+_)

M

x O[:cosO+_ - cos(a++o_) 10!:cos(Gi—Q_)-ooso4l ]

x /3 f (cose+ + cosG_) Ia+lfi_{ 1m {[:2wogn
S-MZ

5(9‘2l+g§)g\’gA ‘i * —’ " ‘1’ , F" I "‘ -\ 7
+ ’1‘_v— Ei- F2 J|_F3(lp+1¥;p_l)+F4(l‘p+|_|p_!) _i

2(s—MZ)

The subscript E(w) and the’+C—) sign refers to the integration

of ¢+ from o to n (n to Zn). In both cases ¢~ is

integrated from o to Zn. In Eq. (14) there are no parity
,.

violating terms proportionai to ngagv} gvzgaoV or vgagnd;

the first two are identica11y zero whiic the’third does not

contribute due to the symmetry of the (E+,E_) domain of

integration.

Sdo , doca and do can also be recognized 5y their
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do
[m

where

, m ,.
do =~%‘dos; ‘doca =”% dcca

m Emax
u ‘ 2+ I dE_D(1—co§”a+_)

M

do+ do, 3"
——-——-Z— sin0+sin0_ dE
16(2fl) S 3

5
"
?

!

x O[:cosO+_ - cos(G++O_) 10!:cos(Oi—Q_)-eosfi4; ]:

IE
s-M

+ I ._- *
x 2 (c050+ + cosG_) lp+[5_. 1m {:_2WGQVQAF1

Z

25(95+9a)gV9A
+ ———4~— , n

2(s-M5) _ - .4’F’g1|:F3(h3+2+'33_?)+F4(i-p+!-!E UT

The subscript E(w) and the’+C—) Sign refers to the integration
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dependence on cos 0+ and c050; ' This sturciUre implies

that do 5 ’\; . .
. doca and dopv have'different_"paritiesfi under

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

where

A0“ (A05) being defined by an integration, analogue to that in

eq. 2 ( 3), of Ada E doE - do”. 00 is some given angular

cut-off determined by the measuring apparatus.

As we have already indicated above, both AC and AD are
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identically zero if the neutral Current does not couple akially

to hadrons.u If it does counle, tncn the following takes nld'a:

AC ‘is non¥2ero if and only if the neutral current couplvs

axially to the e+e_ state. Ap is zero if and Only if the

neutral current does not couple vectorially to both leptons and

hadrons. However for low energies, such that

2 2 2,5(9v + 93,)I9nl << 4fiulgnll57NZ 1.

the last premise reduces to the neutral current being

vectOrially,toilentons. ,The above statements follow

following relations obtained from‘tablellz

GS = CN‘ GS = 0N = 0, Aogv = - Aopv

Thus

ca ACpv
3 +- A _ __N——-S, 95.0”?-

o+h r

. . - . . 1In order to obtain a numerical estimate we Wll] use

- (5/2/§)1/2 MZ(1—4 sinZO). 9a 7 - (G/Z/?)1/2M7(D <

ll

9v = - (ae//?)1/2MZ sinzo, - (/2eil/2 m9A Z n

identically zero if the neutral current does not couple aXially

to hadrons." If it does couple, tncn the following takes pla-a:

Ac ‘is non92ero if and only if the neutral current couples
+ _ . . -axially to the e 0 state. AP 15 zero If and only If thy

Lneutral Current does not couple vectorially to both lenxons and
»

hadrons. However for low energies, such that

2 2,5(9V + gagllgnl << “algnHsl—NZ .,

the last premise reduces to the neutral current being

vectdrially,totlantons. The above statements follow

following relations obtained from\table-1:

Thus

ca “pv
: + _ A : fly—

5 ’ p 'GNS
+_ P

. . . . 1In order to obtain a numer1cal est1mate we wwll use

- (GM/2)“2 MZ(1—4 sinZO). ga % - (G/Z/Z)1/2MZ(D <

ll
ll - (86/17)1/2MZ sinzo, 9A: - (073)”? :42 ,



sinZG = 0.35, M2 = 75 GeV. us well as simplified models for
the form factors Fl»4‘ Saturating Lu and Vu with the

w resonance coupled to one pion and a o meson in all possible

ways we get

2m 29F, = F2 ‘ "'“—2"."*’”— ”39““)s—m -1T In0.) (i) h)

2 —12 .
—m —1F m

0 0'0 3

+ [:(p++po)2-mp2—irpmp _1+[:(po+p_)2-mi—irpmn:l1}

where g = 29 GeV—l, as obtained from a fit to the widthpmfl
Assuming that the axia} current couples to’théfthreeiOn :stato

through the f resonance “(Z + no + f,'f +”w+n’) we get'the

following expressions for F3 and F

F gffifi(p+-p_)2po-(p++p_)
3 z

3 2 2 - ~ (4)3mf [(p++p_) -mf -1Tfmf_j

9 p,—(p+-p_)F =.__li1£”___fipu_,mf
mf§:(p++h_)‘ -m-‘~ii 11' f‘f—

where gfnn = 6.9 fits the f width. To obtain expressions(4 )

and (5 ) we have used for the f propagator
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)

v I
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(p+ + p_) - m f - il‘fmfl\\
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13.

III Numerical 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 assumed in the calculation

correspond to present SPEAR experimental conditions namely:

The total azimuthal angle spanned by either fi+fl- is taken

as Zn. The minimal angle between either n+n' and the beam

axis is given by cos 90 = 0.65. In addition, a minimal value

of 200 MeV was set for the energy of either n+n'.

The 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 sirze such beam

energies will be available in proposed electron—positron col-

liding 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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correspond to present SPEAR experimental conditions namely:

The total azimuthal angle spanned by either n‘n' is taken

as Zn. The minimal angle between either n+n— and the beam

axis is given by cos 90 = 0.65. In addition, a minimal value

of 200 Mev was set for the energy of either n+n-.

The 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 sirze such beam

energies will be available in proposed electron-positron col-

liding beam facilities. (The electron-positron colliding

beam facility PETRA at DESY will provide a maximum total energy

of 38 GeV).
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14.

+ - + _- . . . . .e e + I n no will prov1de unambiguos information about

parity violating effects. It represents an alternative 10'

the use of polarized beams proposed by some authorsz for

the detection of this same effect. For the case of leptons

in the final state.

, how, the question arises whether the neasurement of Ac

provides an unamhiouos signal of the axialccoupling of the

neutral current to both leptons and hadrons. It is evident

that the interference Between the annihilation via one and two

photons will contribute also to this effect-~due to the

opposite charge conjugation porperties of the one and two-

photon statesuand then the 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 hadronjc

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

It must be emphasized. however, that some assumptions go

into the calculation of the cross section which we are propos—

ing here beyond the postulate 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 for the

theoretical expectations of the experiment which we propose

must be taken only as an indication that it should he

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

interaction effects.
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