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/1/ 
In recent experiments the muonless 

events: 

v+N-->v+ ... µ µ 

v + N -->v + ... 
µ µ 

(1) 

(2) 

have been observed. A single event has been 
observed too/2/ which is most probably in
terpretable as the process: 

ii + e ->ii + e. 
µ µ (3) 

Possibly, weak neutral currents are experi
mentally discovered. Their possible existen
ce was discussed/3-5/ for a long time and 
has recently become of a special interest due 
to the development of the unified theories 
of weak and electromagnetic interactions. 

In this note we consider the processes: 

C+N-->f + ... (4) 

and 

- -
r+N-+P+ ... (5) 

er =e' µ ). 
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If weak neutral currents contain terms 
with charged leptons, effects of parity vio
lation in the processes (4) and (5) will 
appear/6-9/. We would like to emphasize here 
that observation of such effects would make 
it possible to determine the sign of the 
weak coupling constant X/, 

For the part of the Hamiltonian of weak 
interactions, which contains neutral currents 
we take the following expression: 

J{o = 2 G HJ-CV Y (1 +r. )v )+(eya(gv+8AY.5)e)]jo y2 ,_ e a 5 e a 

+i (i7eya(l+y5)ve)(eya (gv +gAy5)e)+ ( 6 ) 

+(e -+µ. )+ ... l, 

where i~ is the hadronic neutral current 
and 8v and 8A are constants. The ef fec-
ti ve neutral current Hamiltonian in the 
theory of Weinberg and Salam/10,ll/ has the 
structure of eq. (6). The constant G is 
just that one that appears in the charge
exchange interaction Hamiltonian and 
equals G=~ > O, 

Sm2 
w 

(7) 

where mw is the mass of the inte~mediate 
charged boson and g is the coupling constant 
of the isotriplet current with the triplet 

x/ The sign of the constant G has been 
discussed by J.B.Zeldovich at the IX Con
ference on High Energy Physics, Kiev, 1959 
(Proceedings of the Conference, v.II, 
p. 309). 
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of vector bosons. The parameters 8v 
in the Weinberg theory are: 

g = - .l.. + 2 sin2 0 v 2 w 

g =-.l. 
A 2 ' 

and 8A 

(8) 

and the hadronic ne~tral current has the fol
lowing structure/12/ 

•o .3 
2 

.2 0 .em .S 
J =J - sin owl +J . 
a a a a (9) 

In this expression i! is the third component 
of the strangness conserving "V-A" isospin 
current and jem is the electromagnetic had-

. a ronic current. 
The last term in eq /9) is an isoscalar. 

It arises in a theory1i 3 with a new quantum 
number ("charm"). The matrix element for the 
process (4) is 

<fJS Ji>= i-1-( __m.:_/2 ~ [ ii(k ')y u(k)<p' ! j em Ip>-
arrf kok~ q2 a a 

-pii(k')ya (gv+Y58A)u(k)< p'i j~ [p>]x 

(10) 

x(2rr)
4 

8(p '-p-q), 
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,. 

where k andk' are the momenta of the initi
al and final leptons respectively, p is the 
momentum of the incoming nucleon and p' is 
the total momentum of the final hadrons, 
q = k- k ' , rn is the lepton mass and 

G q2 
p=-=-· (11) 

y2 2rra 

The matrix element for the process (5) can be 
obtained from (10) , replacing the spinors 
u(k) and u(k ') by the spinors uc(k) and 
uc(k'), describing the initial and final 
antileptons and gA -+-gA and multiplying 
eq. ( 10) by ( -1) . 

We shall suppose that the initial lepton 
is polarized. If k0 »rn and kc)»rn . only 
the longitudinal polari;ation of the initial 
leptons survives (helicity is conserved in 
interaction (6)). 

The corresponding density matrix is 

p(k) =A (k) .L(l+,\y ) , 
2 5 

(12) 

~here ,\ is the longitudinal polarization 
and A~) is the projecting operator. The 
differential cross-sections for processes 
(4) and (5) equal respectively (we retain 
only the linear in p terms) : 

d2
a 2 2 1 em 

1Ta _ [ L '1l _ p ( g •L ± 
4 k 2 a/3 a/3 V o.{3 

q 0 dq2 dv 

± g A e o.{3µv 
I 

kµ kv') '1la/3 + 

6 

I 
+Ap (± gA1Laf3+gve afJ/JJI kµ k~) '"a,e {13) 

Here k0 is the energy of the initial lepton 

in the laboratory frame, v = .:::JMq { M is the 

mass of the nucleon) , La/3 =ka k~ + f-aa/3 q2+ ka' k/3 
and 

I J<p'ljaem lp><plj;m IP '>8(p '-p-q)dr. 

=- 1 M em 
(277)6 (Po) '1laf3 {14) 

If [<p' Ii :mlp><pli~IP '> +<p'li:lp><plj;m IP '>]x 

1 M 1 . 
x a (p ~p-q)dr - - -(-) ma/3' 

(21T f' p 0 
{15) 
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The tensor m;; is expressed in terms of 

the structure functions W ~m and W ~m 

'1l em _ em <la q{3 
a{3 -WI (Sa/3 - ... )+ 

(16) 

l em 
+ U2" w 2 ( p - ..e..i. q )( p1-2 - ti q ) • 

M a q"' a JJ q2 f3 

Further on we shall average the cross-secti
on over p and n 

2 . 2 
d a =L[(~ 

d q 2d v 2 d q 2d v 

d 2a ) + ( ---) ]. 
fl dq 2dv n 

(17) 

As is well known, the interference of the iso
vector and isoscalar parts of the hadronic 
current does not contribute to the averaged 
cross-section (17). Let us write the cross
se-otions of the considered processes in the 
form: 

2 d2 
~-=(--a 
dq 2 dv dq 2 dv 

d
2
a 

where ( dq 2d-;- )0 

) (1+,\A), 
0 

(18) 

is the cross-section for 

the unpolarized particles. From eq. (13) it 
follows that retaining only the linear in 
the small parameter p terms, the asymmetries 
Ae and Af for the scattering of leptons 
and antileptons take the forms: 

8 

A f( f ') = P 

I 
( ± 8 A 1L afl +gve aBµv k µ k~)"' a{3 

L "1 em ' 
afJ a{3 

(19) 

Evidently the asymmetry A depends on the 
structure of ~hi neutral currents. It was 
shown in ref ./1 I that information about the 
structure of the neutral current can be ob-
tained through the joint study 
of the processes (1), (2) and 

II +N-+µ-+ ... 
µ (20) 

+ 
II +N-+µ + ... µ 

(21) 

In order to make our fu~ther consideration 
more concrete we shall assume that the neut
ral current is of the form: 

• 0 ·em A3 ':"s 
J =YJ + +J ' a a a a 

(22) 

where y is a real parameter (in the Weinberg 
model y = 1-2sin2 8w ) , A3 is an axial 

a 
curre~t, the third component of the isov1f~ 
tor Aa ( in the charged currents the A a-

12 

components enter) js is an isoscalar 
a 

current. 
Note that the data on neutrino experiments 

are consistent with this assumption. Equati
ons (15) and (22) yield the following expres
sion for the averaged over p and n quanti
ty 

I. em V;A S 
ma fl = 2 Y "'a{3 + '1la {3 + '11 a/3 • (23) 

9 



V·A 
The pseudotensor '1la~ is determined as 

follows 

3 3 3 3 
!. f[ < p, Iv a I p > < p I A/3 Ip '> < + < p, I A a I p > < p Iv f3 Ip'> 1 x 

xo(p'-p-q)dr = (24) 

= __ 1 (..M..) '.)TI V;A 
(211)6 Po a{3 

( ·v; is the isovector part of the electro
magnetic current) . 

Further on, let us assume that the contri
bution of the isoscalar current to the cross 
section can be neglected at high energies we 
are interested in. This assumption is in 
agreement with the existing datafl,15/. Sub
stituting (24) into (19) one obtains 

V·A 
eat:iµv kµk~'11a13' 

A -=p[±2g y+g ,_, 
f( C) A V ·L a/3 'Jr! ~p 

.... 1. 

Using (11) we find 

A -A-= 2 g y G q2 e e A-=.-v 2 11a 

G ~ 
A+ Ao= gv7 rra 

V·A 
e af3µv k~~ ma~ 

e l v ·L '11 em 
a/3 a/3 

IO 

( 25) 

(26) 

(27) 

I 

} 
\ 

,, 
;\ 
t 
* I 

The parameter y can be related to the total 
cross sections of the processes (1) , (2) , 
(20) and (21) • If (22) is valid and the cont
ribution of the isoscalar part of the neut
ral cur;igj can be neglected, it is easy 
to show that y is equal to 

a -a-
y =2 ~--v, (28) 

a -a_ 
µ µ 

where a , ap , a , a- are the averaged over p 
v µ /l . 

and n tota1 cross sections of the processes 
(1), (2), (20) and (21), respectively. 

The factor 
V;A 

e afJflJ/ kµ k~ m a{3 
L "1 em 

a{3 a{3 

on the right-hand side of (27) can be related 
to the differential cross sections of the 
processes (20) and (21), as well as to the 
cross section of deep inelastic lepton-nuc
leon scattering. 

One has 

( d 2a d 2a 

G 2 
2 

2 2 d 2d ) -( 2 ) 
Ae+A-=g -=-q-( rra) q v µ dqdv µ 

e v V2 "a G 2q 4 d 2 • ( 2 9) 
( a ) 

dq2dv em 

The asymmetry A depends also on the values 
of 8v and gA • If the interaction Hamilto-
nian has the form (6) , information about 
these constants may be extracted from the 
v -e scattering experiments. The total 

cross sections of the processes 

II 



... 

v +e-+v +e, µ. µ. 

- -
vµ +e -+vµ + e 

are equal to 

o(v e)= o0 (g 2 +~g 2 ), 
µ. + ;} -

o <V",i e) = o0 (g~ +ts!), 

where 
G2 

00 =-:;- s, 

8+ = ~ (g V +g A)' 

g = .l.(g -g ). 
- 2 V A 

From (32) and (33) we obtain 

3
8 o g 2 =3o(v e)-o(ii e), 

0 + µ. µ. 
...... 

8 2 --
3 
~ g_ =30 (v e)-o(v e). µ. µ 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

If, as in the Weinberg-Salam theory in addi
tion to the Hamiltonian (6) there is diago
nal interaction of the form 

J{d= Y~ (v;ya (l+ys) e)(eya (l+ys)ve) (36) 

12 

I 

then the total Hamiltonian of the ve - e inte-
raction can be written as 

G - e e 
J{ = \v y (1+ y,5 )v )(ey (gv+gAy

5
) e), 

vee V2 e a e a 

where 

g~=Sv+l, 

g~=gA+l. 

(37) 

(38) 

The total cross sections of the processes 

v + e .... v e + e ' ( 39) e 

- - ( 4 0) v +e .... v +e e e 

can be obtained from ( 32) and ( 33) if we put 

g .... ge=.L(ge+ge ), 
+ + 2 V A 

e 1 e e g .... g =-(g -g ) . 
- - 2 V A 

From (38) we have 

e 
g =g +l, 
+ + 

g e = g 

Using (35) and (42) one finds 

3a (v e)- a(-;:; e)-3a(v e )+ a(v e )- ~a 
e e µ µ :JO 

16 
=Taos+. 

( 41) 

( 42) 

(43) 

(44) 
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Note that (43) leads to/17/ 

3a(v e)-a(v e)•3a(v e)-a(v e). 
µ µ e e 

(45) 

The test of this relation is one of the pos
sibilities to check (38) • 

From (35) and (44) we can determine the 
parameters 8+ and I g_ I • The sign of g_ can 
be found from polarization experiments. 

Recall that in the Weinberg theory 
1 . 2 lo'.ll g =--+SID o 

+ 2 " (46) 
.. 2.c. g_ = SlO uW. 

Thus, in eqs. (26) and (29) the constant G 
.and experimentally observable quantities en
ter. The sign of the constant G can be de
termined from (26) and (29) if the asswnpti
ons we have made are correct. 

As yet we did not make any asswnptionsv·A 
about structure functions of ~a~ and '1la{i 
Suppose the following equalities take place 
...... 

2xMW~m =vw;m 

em (47) 
-xW3 = 2W2 ' 

q2 
where x =~ and the function W3 is 

determined as follows 

V;A 1 
'1l at3 = "2ii2 e at3µv qµ PvW3 · (48) 

14 

One can derive (47) by using parton model for 
spin 1/2 partons/18,19/. 

Comparison with the data on total cross 
sections of the processes (20) and (21) , as 
well as with the data on deep inelastic e-p 
scattering, shows that relations (47) are 
consistent with experiment. 

From (25), using (47) one has 

2J1(2 ko-JI) ] , 
A - = P [ ± 2 g Ay + g V 2 + 2 k (k -11 ) 

e( e) JI o o 
( 49) 

In (49) we have neglected 
M order Ko, (k 0» M). 

The differential cross 

the terms of an 

t
. du 

sec ion dq2 
for the polarized initial leptons is of 
form: 

the 

(~ _ da 
dq2 \ -(dq2 )0(1+,\ ff). (50) 

After integrating over JI we obtain the fol
lowing expression for the asymmetry 6: 

(j - =p[± 2g y +g ], 
E( e) A V 

(51) 

In the Weinberg theory eq. (51) takes the 
form 

-4 2 3 
(j e = 1,6 . 10 : 2 ( - 2 + 4 sin 2e w ), 

. -4 n2 a r- = o.s . io ~ . 
M 

(52) 
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It may be observed that in 
ons ( 4 7) the asymmetry Ge 
of the Weinberg angle. The 
estimated to be 

~ 2 u e = i ,6 • 10 ffe 
2 /l/ 

(sin Elw= 0,4 ) , 

virtue of relati
is independent 

asymmetry CT f is 

(53) 

i.e., five times less than U f . Equation 
(52) implies also that observation of the 
asymmetry effects, we have discussed here, 
requires polarized high-energy lepton beams 
(> 100 GeV). In conclusion we would like to 
thank V.I.Ogievetsky, B.Pontecorvo and 
Ja.A.Smorodinsky for helpful discussions. 
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