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At present when neutral currents in neutrino reactions are 

experimentally observed it is cruc~ to test the existence of 

weak neutral currents of the charged particles. As is well-known, 

such currents arise in a natural W&T in certain class of gauge 

theories of weak and electromagnetic interactions and lead to 

P~iolating effects in lepton and lepton-hadron processes. 

Recently m&n7 papers l,2,J have appeared in which various 

possibilities of exaaining these currents in e~e-oollisions have 

been discussed. 

In this paper we consider the P~olating effects in the 

annihilation of longitudinally polarised electrons and positrons 

into a pair of baryon and antibaryon 

e+e---BB, (1) 

where 8 :. ( f, -n, A •, J:. and so on). Humeri cal est1lllates of 

the discussed effects are obtained for the process e+e--fP 

in the Weinberg aodel at typical for the next generation of e+e

machine energr of the leptonic beam E = 14 CJeV / 4/ • Earlier 12/ 

this reaction was considered when the initial electron-positron 

pair was tranSTersely polarised. However, the speoification of 

the weak neutral-current effects in this case is complicated by 

the higher order electromagnetic diagrams. 

In the latest papers/'/ the possibility of obtaining longi

tudinally polarised beams is discussed. The advantages of 

observing neutral-current effects with such beams have already 

been amplasised in ref. /J/ • 

For the Hamiltonian of weak interactions of the charged 

leptons with hadrons we take the following expression: 
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Here 

>o.) 

~ = e (r (tv -r(AJ!r) e, 

G 1B the weak ooupl.ing constant, w and (4 are par

meters and ~o is the ha4ron1o neutral current. 

Such an e!5eotive neutral-current BaDiltonian ar1Bes in the 

Weinberg model 161 in which a massive neutral vector boson 

is supposed to couple the leptons and h&drons. The paraaeters 

Cv and t;.., equal: 

Cy =- l- 'lsi'YI~B"} ~ >::J 
) 

. ~n 
where '5i11 ~w is the Weinberg par•eter and 

structure: 
1'-10 3 • .t ~ 
~ =- ~ - Z s t..-z &w ~ . 

!';to 
;u has the 

3 
In this expression ~ is the third oo11ponent of the uau&l 

(2) 

V-A current and ~-is the eleotro~~&gnetio h&dronio o1U'rent. 

The matrix element for process (1) 1n one photon approxiaa

tion and in the lowest order in C7 1a 

(BB(S{et-e->= il2 '1(m.z #l[u(-JC.,)~ ut'K:_). 
(.2/i) X+oiC-o} ?"' t/,1'- (.3) 

. (fJ.f-/ ~«u.fo> -.! ~ f-14)/r{Cv t Y+fF)ufll_)(f~of-l~o /o > . 
Here "_ and K.,_ are the momenta of the electron and poai tron 

respect1vel7, f- and f+ are the momenta of the tiDal 

h&drons, ~ = 1(?' + Kr and 
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- G' ~ .f- Y.i 9/iol. } 
oL = ~<. = ...!_ 

"ffi (3-'!/. 

The matrix elements for the hadronic CU1'rents are: 

(P~of-1'1. IM(.{o> = j_/M~ )~ii. (p_)[t:.J~~ TG ~ ~ I u.r-r~J, 
I , '? {.ilf) {jJ+Pf-" I 8r .t M 

~ I D 

<f,.f-l~o /o > =-r.e~;J~~)-z ufp.J[jj. y./ ~,·!}.if, + 

+J;,fl- jAo + ,·~p-1}; J uJ-(:>~o)J 

(4) 

(5) 

where ~ = f?- f+r • In writing (') we have assumed that 

~~c is a first class current. Bote that the electromagnetic form 
/ 0 /D o 
factors 6-J'of and ~ , as well as the fo:rm factors~'-'' fV, ~ 
and tz.; of the weak neutral current which enter (4) and (5) 

.l 
are complex functions of ~ • 

The densit7 matrices for the long1tudinall7 polarized 

electron and positron equal, respectivel7: 
A • 

_f(>C) =-l {I- /l_~-) 11::~-~~~ 1 

.., , 

_yr-IC~); J {I+ il.+/5-) -JC~-.+'"""-, 
.Zt1111. 

(6) 

where ..il_ and .il+ are the long1tudiDal polarizations of e 
and e +- • From eqs. (J)-(6) for the differential cross section of 

process (1) when the hadron 8 leaves with hel1c1t7 k we 

obtain ( 1n the center-of-easa frame and in the limit "1'11. •0): 

d.u = (cLrJJ0 f J- .<t-.t_ + 
d{tcJI)) ( 
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+ (i-A.f-;(_) h z. [Cv(l-ttoJ.?.B}(I-_:
4
}flt. ~ 1:•+ 

+.Z t.4 Wl () &_ ~ r: *"]-
- a.~-/'- h [.Zeof B- ( /6-,u/~-.tJCv & G"' g:•J 

-2_tt,fi+{P1~0J/?.v. G"' ~·}- (7) 

-(A./- -/l_ ~ [ tA (r t+to~ ~BJ & G'" r:~~--

~ II-) . ,~1} 
- ;; $-1.11? ~& Rt ~ fjv -+ ,2 tv tD1 & Rt GM 'jlr . 

In eq. (7) we have used the notations: 
-2 .t tt fM~ 

(o/$J = L oL (t- 1'1 jf(t+{P1~JI6-,..,/ - -.~41'&/Gr/~-
o 16 E~ lE.e L' f"' " 

- .2_t ( Cv(t I tWl.t.@) R£ GM tf .. -r; ~$1 'l() f<L_ 6-ff ~) + 

-+ .i ~ CQj & {1- ;: ) R!t G"' ~ ")} ·= 
- 7i o.l~ M.t. --- (1--)A -~6 t~ .Zt4, OJ 

f is the leptoDio eneru, B- the scattering angle and 

~6 = rpo ·-(/+ rt:Jt~ 
Using (7) let us discuss the possibilities for testing the 

weak interaot1ons in process (1). 

1 • .AD UDalllbiguoua indication of weak neutral currents 1D (1) 

is the presence of the parit7 violating as11111etr7 A 1 ;;t 1n the 
""+ -stua~ed over h. differential cross 88 otion (7): 
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~· 
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J 

A _(Ji)A+/2- - (jf)_~+ -L 

;/.+A. :r.ckr) I de' 
Jii A~o ,?_ T ( d.a )_~+. -l_ 

lleta1D1ng oD17 the linear in .f tel'lls we obtain: 

A.l+.l_ = - ~; ~;-_ {t [ ~ (rt.,UJ!~&)Rt ~ rf*:.. 

- fM~in~B & Ge- q}) +i,(vt:oJBIU. GM ~ .. ]) 
9'~ <f' 

where 

(1, = (1-ft:oi~B)/G~{.f.- ~2s-~".n<liJIGel7 
'f..z 

(8) 

(9) 

We shall eet1111ate the aa,..etrT A Ao~ ~- which occurs in the 

process ere-- f' f using the Weinberg aodel / 6/ • According to 

(2) and keeping in mind the eve relations, for the form factors 

entering Bq. (') we obtain: 

• cV .( p 
~' = uo - 2 si-n '{}. ~ if. ;&.( w ;,<W 1 

Lo _ F. V • ~ p r - .t - ,Zs,u1 6'., ~ ) 

~~- f ~ 

6. v= 'IG. p_ G. l)t) 
J4.1 I\'l'f ;.c,~ 

~ ~ j_ (ft P_ fi ~) 

hlt0 

;: t h.,.. 

The fol'll factora tZ.4- and kA oharaoter1z!t the matrix element 
~· I J+•~ I 

of the weak axial...,.eotor current < fm A/' o > . The 
~ 

crailable data are inadequate to proTide the 1- depeDdenoe of 
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the eleotrollla.gnetio aDd wealc form factors for fj.t < o. In accord 

with this we shall assume 12•6' that the7 all haTe the saae 
~ ~ 

~ -behaTiour normalized to their experimental values near ~ •0• 
We have: 

G!r'f')= 6Mtnft-Z)-= G/ft.t.) = Gt?"'tt-Z) = ~)= :J'f?<?-) 
G~'fo) 6:/fLfa"') Ll'(()) G,"'l") ~lo) 

i4-f Mr lTe t' ~· 

G/ (o) = 2. ·'f.~ 
/1-( I I 

G.'" (o) = -1 9 J i4 I 1 

Ge! fv) .::. 1. J 

~ 

6, (v) .-o 
(f ) fA (o) =1,2. 

Then for the weak: neutral fo:rm factors we obtain: 

f ('f~) • (P, J~-- .J; y~ S-'1-r ""Bw) !/(f 4), 

~If<?-)= (j -isi11~&w) :JI'f~ 

(10) 

fAC If:.)"" q 6 ~(,,, 

In fig.l the as;ymmetr7 A..<+- ;l_ 18 plotted against Z = C.OS & 
for different values of :vln./.Ow = o,2,o,4,o,6 and at lepton 

+ -energy E • 14 Gev. For the polarizations of e and e we 

have assumed ~ ::: - .il_ = 0.9 ( the 1118Jd.aum e:xperimentallT 

attainable polarization). J.s is olear from the figures drawn, 

if the values of s,'n.t Bw are in the range allowed b;r experiment 

171 , then the as;rmmetr;r effect could be as large as ~ and for 

the •favourite• value /S/ s/n.t Bw = 0.40 it does not 

surpass 2\5. 
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:Fig. 1. !he as;rmmetr;r A..t~,{ _ as a function of X"' U>5 f) 

with It~-:. -it_: o.g for various values of 
, .an 

S/11'1 oow at E•l4 GeVe 
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2. If in lqa. (8) aDd (9) we get Jl...,"'" 0 ( 01" A._:::. 0) 

we obtain the P-Tiolat1q &sJE~etr:r A.A. when onl;r one of the 

initial leptonio be1111s 1a longt.tudinall;r polari .. d and the other 

is either unpolariaed or tranBTersel;r polarised. Since the 

anal;rtio expreaeion for A ;t. . differs from that of A).+ l_ 

onl;r b7 the replacement of the factor - -4 - :t ~ in lq. (9) 
(-).+-I -

b7 .A. -the longt.tudinal polarization of the electron ( or the 

positron), the nuaerioal Taluea of AA.. calculated at il = 0.9 
,_1 

approxillatel;r equal those obtained for A..t+ :t _ • In &eneral, 

the as7B1etr;r A 1+ !L is greater than .4 ~ • 
.3. J. nonzero ft.lue of the par1111eter ~: 

'7. = P(l+ A._)_,. Pt-lt ... , -/L) =
(11) 

""rt [ Cv (t+to1~)(1-:;:;IUG'"~.,+-ft;,eo!O~G~f·-
~ ).t 

_ .2 eo1B I G}-1 I ( ~+ - -l_ t ( ~ {(t + co1 ~ J ~ G~ ~ *-
a, (1-A.-~il-J 

- 'IM 2SA'-n•B Ill G€ j/) -t :l Cv eo1 B II£ GM,. .. ) 1 
'2. 

1a an alternatiTe aethod for aearohiq for l-'rielat1en when both 

the electron and positron be .. s are leqita41Dal17 polarised &D4 

the helioi t7 Pt~, il_) of 8 1a detected, too. 

4. If the initial leptons are unpelarised, an nidenoe 

for the presence of neutral currents would be the nouero 

long:! tudinal polarisation of the final hadron 8 

10 

(~l (oW) 
j,_

8 
'= _ tf.fl..}/t;+l- d Jl h:::. -1 =-

( d(i') + (o/()) 
o/.Jl)t,,..+.L dn.. h.:-1. 

(12) 

.... * { w (/+tQs.tB)& GM ~~· + 2 C,. eos B Re. (iiLi ~""]. 
Rote that expression (12) coincides up to linear in JP terms 

/2/. with the expression contained in ref. 
In filS. 2 and 3 the nwaerioal Taluea of ~ and h8 

obtained for the process e +e.--fp in tel'lls of the Weinberg 

aodel are presented. In the calculations of "(. and k 8 
~ . 

we haTe asa'UIIed the aaae fJ -behaviour - Bq.(lO) for the fo1'11 

faotora, whioh we haTe used earlier in order to estimate the 

aa;raetr:r A,t+ A._ • !he Talues of -1(. and h.8 are plotted 

against z; ~ B at 1•14 GeV for ~~..:@IV: 0.2; 0.4; o.6. J.s 

one oan see froa the figures, if s.t''l?
4 6'111 = 0.40 the para11eter "Z, 

aaounta up to .3.4t• 

'· Let us oonaider the process: 

e+e--1\"1\ 0 

' 
which is Ter;r oo~enient for detection of the polarization of 

() 
the 1\ b7 the angular distribution of its dec~ products. 

(1.3) 

Process (1.3) is of a special interest also for ~estigation 

of the isotopic structure of the neutral hadronio current. 

If in aooord with Weinberg-8alaa class models we assuae that 

:J. • is ooaposed of isoTeotor and isosoalar pieces, the general 
/A"' 

atruoture of the neutral hadronio current oan be wr1 tten in the 

fom 191 : 

11 
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Sin2ew:0,2 

Fig. 2 • Parameter "l as a function of Z .. CIX f), with 

-1 

A.+ ==-A._ = 0.9 for various values of 5 i'VI~Bw 

at B•l4 GeV. 

h8 1%1 

8 

Sin29w = 0,4 

0,6 z.-cos e 

-4 

-6 

!'ig.J. Belioit;r h,8 as a function of X~ c:.os8 

for various values of Sl?'I~Bw at I• 14 Gev. 
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"1 ~ -· '?J 3 0 ° 
'}-- ~ fo~ t-~ t~· 

(14) 

In lq. (14) b;r ~3 
and ~ we dnote the vector and axial 

D 10 vector pieoes of the isoveotor current and b;r ~ and ~ 

those of the iaoaoalar current. SiDDe t/' has iaoapin I•O 

the hadronio aatrix e1eaent (') is oharaoteriud so1el;r b;r the 

iaosoalar pieces ~j/ and ~, • A special interest represents 

• the "new• oo•ponent, the &Xial~eotor isosoalar ~ , which mq 

appear in 9k" and whioh does not enter the electromagnetic and 

charge-changing ourrenta. 

Jn evidenoe for the presence of this co•ponent will be 

the norusero value of the sUII: 

k13 t&) + h8 (n-&) .. [t Cv (l+toi{!;)('-.:~~.~) ~ G,.u ~· 

or 

~(9)+-/yt_(fl-9) = ft iev ~ 6.Aol ~;<~ [ 1. + cos.zB ( 1-

)
.t 4 

_(ii+-1- II{GMf)j 
.t -- • 

(J- .A.,..n.J ao 
Q 

.Uao an a1 ternative wq to isolate the term C}t is to 

look for the quantities '7. or h.8 at angle {} • f 
where oDl;r the proportional to jA" part oan contribute: 

"2 ( 1) = .Z h_B ( !l-) = i Cv ~ GM ~: 

!he anal;raia perfo:rmed shows that the atud;r of the exolu-
.. ·- ·-

siva two partiol.e process e e - B 8 in the colliding beam 

expert.ents with 1ong1tud1nall;r polarized 1n1t1al 1eptona with 

1 > 10 GeV 1a ver;r auitable for exam1ning poasible P""'Tiolat1ng 
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effects. ~is is of special importance for justification of the 

unified theories for weak and electromagnetic interactions. ~e 

discussed effects estimated in terms of the Weinberg aodel 

for e~e--.ffamount up to 9f at 1•14 GeV. 

In conclusion the author is pleased to thank S.M.B1leDk7, 

N.A.Dadajan and SoPetkov for the helpfull disoussion$on the 

considered problems. 

_.] 

References: 

lo IoGodine and A.Hanke7• Pb7s.Rev.,D6, 3301 (1972). 

V.K.Chung, A.K.Mann and BoA.Pasohos. Pb7s.Lett., 41B, 355 

(1972). 

A.Love. NUovo Cim.Lett., 5, 113 (1972). 

R.Gatto and I.Preparata. Nuovo Cim.Lett., 7, 89 (1973). 

H.B.XpHTIAOB~. ~. !1o 5?6 (19?3). 

3.M.JlimMa.HOB Ill H.B.MKXeeB. li~o~, 386 (19?4). 

2. R.BudDT• PhTsoLett., 45B, 340 (1973). 

3. A.KoDonaldo Nuol.P~s., B75 1 343 (1974); Pb7s.Rev., DlO, 

3107 (1974). 

E.Lendval and G.Pocsik. Pb7s.Lett., 56B, 462 (1975). 

K.O.Mikaeliano Pb7s.Lett., 55B, 219 (1975). 

4. C.Pellegrim et al. Proceedings of the Eighth International 

Conference on High Bner£7 Accelerators at CERN (1971), p.l53. 

5. R. Sohwitters and B. Richter, PEP-Note 87, PEP SUllllller 

Stud7 1974; LBL/SLAC. 

6. S.Weinberg. P~s.Rev., D5, 1412 (1972). 

14 

7. H.Faissner. Preprint PITHA-85 (1975) Invited Talk at the 

1975 International Conference on High Ener£7 PhTsios at 

Palermo on June 24th, 1975. 

e. D.H.Perkins, Proceedings of the Fifth Hawaii Topical Conference 

on Particle Ph7sios 1973 edited b7 P.N.Dobson, Jr. v.z.Peter

son and TUan ( Press Honolulu, 1974), p.5o7. 

9. A.Pais and S.B.Treiman. Pb7soRev.,D9, 1459 (1974). 

ReoeiYed b7 Publishing Department 
on December 18, 1975. 

15 


