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fhe problem of second class current (SCC) has a 

significant value for our undarstanding of the weak 

interaction structure. Weinberg Cll classified the 

weak hadron currents by their transformation 

properties under the 6-parity operation (where G = C 
exp(isTT

2
>>. The first class currents (FCC> which 

dominate in the weak interaction and form the basis 

of the Standard Model, behave 

transformation as 

under 6-parity 

6 VI 6-i = + VI 
OI OI 

and 6 A I 6-i 
OI 

= -

SCC, which are a serious problem (see, for example, 

[2,3]) for the renormalized gauge theories of the 

electroweak interaction, behave oppositly to FCC 

under the 6-parity operation: 

G VII 6-1 =_VII 
OI OI 

and 

Following this classification the Dirac <F 1>, 

Pauli <F
2

>, axial-vector (FA> and pseudoscalar (Fp> 

+arm factors belong to FCC, and the scalar (F5> and 

tensor <FT> form factors - to sec. 
From the investigation of the 

o+ ~-decay [4] the values of FT 

mirror asymmetry 

are found to be 
equal to the form factor F2 within the experimental 

accuracy. On the other hand, in a series of papers 

(see, for example, [5]) from·the data on the angular 
distribution of ~-particles with respect to the 

nuclear spin it is concluded that the ~-parity of 

the weak nuclear current is strongly conserved, i.e. 



F
1 

= 0. SCC were 

iso-elastic scattering 

not observed. 

also searched for in 

of 'Hl ... µ;:, [6], but they 

the 

were 

Recently the ~-lepton decay channels taking 

place due to sec have been observed at colliding 
- + e e -beam <T+~nvT [7] and T+nnvT [8]). Nevertheless, 

the subsequent analysis of these data throws dpubt 

upon the conclusions of the SCC existence <see, for 

example, [9]). 

Thus, at present there is a contradictory and 

uncertain experimental situation concerning the 

search for SCC. 

solution of the 

It seems that for 

SCC problem it is 

the complete 

necessary to 

search for new effects, induced by SCC, and to carry 

out a number of independent experiments on 

measurement of various physical characteristics of 

electroweak processes. 

Since the momentum transferred in the 

µ--capture is much higher than in the· [r-decay, the 
search for sec in the µ--capture is preferable [10, 

11], although the pure effects [12 - 14J, induced by 
sec, may be also observed in nuclear (:1-decay. 

The present work, developing the [10, 14 - 17], 

is devoted to the study of the polarized muon 

capture by the polarized light nuclei 

µ + <A, Z> - <A, Z-1> 

with allowance for the sec 
mass. 

The matrix element 

+ vµ, 

and the muon 

of process (1) 

(1) 

neutrino 

in the 

framework of the current-current theory of the weak 

2 

interaction may be written as 

""' <+;~v.svl Hw l~µ,iµ;i> = 
GF -n- 1 OI J Ol(q), 

I 
-+-+ A 

where Ja{tj) = d.:t' e-qr <f 1¢15 <.:t'> Ja<.:t'> Ii> 

-5 nuclear weak current; GF = 1.023X10 

Fermi constant of the weak interaction 

proton mass); q~ = (p~ - p~>~ = ... 
(q, 

. -2 
mp 

Cm 
p 

iE0 >. 

(2) 

is the 

is 

is 

is 

th~ 

the 

the 

4-momentum transferf p: and p: are 
the muon and muonic neutrino; lo<,.= 

u is the muon current; u. Ci ~ µ . 1 

the 4-momenta of 

i UVµ i"ol (1 + Y5) 

vµ' µ) are the 
Dirac sp1nors. 

Since the wave function of the muon ¢15 <~> 1n 

the 15 Bohr orbit of the mesoatom is a slowly 

varying +unction within the nuclear volume, it will 

be a "good" approximation if one extracts it from 

the inside of the matrix element 

average value [18]: 

(2) and use its 

I 4'1s l;v = Rl¢15<0) 12 = (R/n) [zovn,J1A l<mµ + .. MA)]~-. 

Here Risa reduction +actor taking into account the 

finite extent of the nuclear transition density; MA 

and Z are the mass and the charge of the nucleus; ~ 

is the fine structure constant. 

In order to calculate the nuclear matrix 

elements the multipole expansion method [18] of the 
~ + 

nuclear weak current J~(q), is used. 

The coordinate system (see Fig. 1) taking into 

account the nuclear polarization is defined as 

3 



➔ ➔O ➔ . ➔ ➔ 
+allows: ez = q = qlq, the unit vectors ~x and ~y 

are parral lel to the vectors {pv x t~; x q and {pv !-: 

sµ>, respectively. The angle5 e* and~* describe th2 
direction of the quantization axis (Z•-axis) with 

-;x l!lpvx;.,..)xq 

Fig. 1. The coordi­

nate sy~tem used in th8 

polarized muon capture 

by the polarized nuclei. 

respect 

eyllP11X~ Z-ax1s. 

to the fixed 

Below the method 

of taking into account 

the nuclear polarization 
(p

11
XSI' )XS/' 

de£.cri bed in 

20] 1s used. The order of the multipole 

[14, 19, 

operators, 

determining the expression for the 
fT. 

of the transition (J. 1 ; T.MT ~ 
l l . 

l 
defined by the selection rul~: 

I Ji -Jf I · In the case of the 

differential rate 

J nf • T M ) 1· --
f ~ f T ' ;::, 

f 
IJi-Jfl :s J :s 

pure Gamow-Teller 

transition (J = 1) the differential rate of process 

(1) with allowance 

polarization and the 

for the muon 

longitudinal 

and nuclear 

polarization of 

the neutrino (the mass of which is supposed to be 

riot zero>, calculated u~1ng (2) in the lower order 

of the perturbation theory, is given by 

dW = 

4 

G 2 
F 

dn E :0.:: f 1. * * . ~ (T 1 T. 2 
? ~ ..P~l+1slav -MT -1 M ] FC0,0 ,,,,. ). 

C4n >~ f T l. (3) 

,1 

~ 

Here ct·i = sin(0)d0cl,,, is the solid angle of the 
V ? ~ 1/~ 

neutrino; Py, = <E;, -·· m:., ~, Ey, -= EH - ~ (where ~ 
are -= E+ - Ei = E~ - E~ is the energy transfer>, m~ 

the momentum, energy and mass of ·the neutrino; Eµ = 
mµ. - ~B, mµ and "'8 are the energy, mass and binding 
energy (in the 1S Bohr orbit of a mesoatom) of the 

muon; E. . l. 
<Ef> 1s the energy of the initial .(final) 

nucleus. 

The function Fee, ~* ~ , * ,p > has the form 

F <0, B*, ,,,.*> = f1+1 + 2 f2+2 + f3+3 + f4+4·+ f5+5 + 

A * -+; P2lcose )[+1¢1 + 2<f2¢2 - f3¢:3 - f4¢4 - f5¢5>J + 

1 * * 5 5 + APz<cog:I )COSIP (f6FL1FE1 
5 

+ f7FL1FM1 

5 
f9FC1FM1 > 

A 2 _ *> 2 * 5 )2 

4 
P

2 
<co::.e cos ,p f 10[ <FMl 

5 5 
+ f9Fc1FEl 

(F5 > 2] 
El 

+ 

* 5 3PP!<cos9*>cos,o <f6FL1FM1 + f7F~1F~1 
5 

+ f8FC1FM1 + 

5 F5 
f9FC1 El> 

3 
__ pp

1
ccos0*> C2f

1
+2 + +2 +1 >-

2 

(4) 

Here A and Pare the alignment and the polarization 

of the nuclei;~ (case*> are the associated Legendre· 

polynomials; 

+1 = <CF >2 Ml 
+ <F5 >2> El , +2 

- 5 
- FM1FE1 ' 

5 



~ = <F5 >2 
.:> Ll ' 

5 5 
4>4 = FL1FC1' ¢s 

c- ,.., 
-= <Fu > ~ 

Cl ' 
(5) 

5 5 5 . 
where FMl' FCl' FLl and FEl are the matrix elements 

of the vector magnetic, axial-vector electric, 

Coulomb and longitudinal multipole operators. 

The arbitrary polarization of muons and th~ 

longitudinal polarization of the muonic neutrino 

taken into account the leptonic functions f. Ci= 1, 
i 

2, ••• , 10), entering into the· differential rate 

(3), have the form: 

f 1 = 26(1 - svcose), f 2 -= - 26(s - case> v ' 

f 3 = 26( 1 + svcose>, f 4 -= 46(sv + case>, 

f5 = 26<1 + svcos0> , f 
6 

-= ;t.ZsvcSsin0, 

f 7 = - l"'Zc5sin0, f 8 -= l"'ZcSsine, 

f 9 = ,t2svcS si 119 , f 10 ::;.. 0. (6) 

Here case = C°!;µte> = - <sµtf >, wheresµ -is t.he unit 

vector of the muon polarization and~-= Pv /pv is 

the unit vector in the direction of the neutrino 

momentum; 6 = 1 - s1,/~v, where sv -= ±1 and ~v -= I ~v I 
= pv/Ev are the helicity and the velocity of th~ 

muonic neutrino. 

After summing eq. (3) over neutrino spin 

states, we obtain the following expressions for the 

functions f. Ci = 1, 2, ••• , 10): • 
1 

f 1 = 4(1 + r1 case), 
V . 

6 

f2 = 4<~ + case>, .v 

"' 

.. 

·, 

., 

f..,. = 4 < 1 
..:, 

f"/vcose>, f 4 -= -8 ( ~v - case> , 
. 

fc = 4(1 - f/vcos0), 
..J . 

f 
6 

-= -2nr1vsine, 

+
7 

= - 21"2sin0, +
8 

-= 2✓.l"sine, 

f9 = -~•;ivsi~, f10 ~ 0. (7) 

The further averaging of expression (3) over 

the muon spin states gives a simple form of the 

functions f: 
i 

+1 = 4, f2 = 4f:?v' f3 -= 4, 

f5 = 4,. f6 - -2-ar,Jv' f7 -= - 2-a, 

fq - -2AJ, - , V, full "'" 0. 

f 4 :.:: -8~v' 

f 8 -= 2-12, 

(8) 

In the case of unpolarized muons and for 

production of the longitudinally polarized neutrino 

the functins f. are given by 
i 

f 1 = 2.s, f = - 2s ·6,· f3 -= 26, f -= 4-.:; 6 
2 V 4 1,) , 

fr::'. = 26, f ! -= ns 6 f7 -= - -/26, f B -= -1.io, 
J 6 V ' 

f9 = fl5i_,6, f10 ::;. 0 • (9) 

For the polariz~d muon capture by the polarized 

. 6 Li nuclei in the framework of the shell model with 

the harmonic oscillator potential the matrix 
5 5 5 

elements FMl' FCl' FLl and FEl have the form 

FM1 = 
1 

-Iii 

q 
e-y Ck 1F 1 + µCk 2 + k

3
y>J, 

Mn 
7 



2 
5 -y <k2 + k3y>FA, FEl =- -- e 

-In 
1 q 

~ -y [k4FA + <k5 + k6y> (qoFP + 2MnFT>J, Cl = -- -- e 
-In M n 

2 
? q 

F 5 = - _:_ e -y 
Ll ..r,:; < k 5 + k 6'=' > < F A - 2M F p> • 

Here k
1 

= 0.178; k
2

-= 

-3 8.6· 10 ; ~ 
. J 

~- 561; 

k =-
6 

n 

k3 -= -0.354; 

=-

(10) 

k4 ~ 

? 
(bq/2r, 

where b (= 

=- -0.397. 

2.03 fm [18]) 

0.293; y 

is t.he oscillator 

parameter. 
In the long wave lenth limit (q/M ~ 0, y ~ 0) . n 

the function determining the differential rat€ of 

the ~--capture by the polarized nuclei, is given by 

F(~, e*, ?*> = FA(2f
1 

+ f
3

) + 4qf
2

F2 - qf
4

FT + 

+ AP
2

<co:e*> [FA<f
1 

- f
3

> + 2qf 2F2 + qf 4FTJ + 

• 
-1 * * + A':z < co561 > cos,;:. -,12 < f 6 FA + qf7 F2 - qf8 F1 > + 

A 
+ --;- PJ<cos6'*>cos2,=,* f 10 FA+ 3 P P 1 (cose*> <f

2
FA + 

+ 2qf 1F2 > + 3~ P Pl<cose*>cos,:,* <f 7 FA + qf 6 F
2 

-

- qf9FT>. (11) 

The angular distribution of th_e neutrino with 

respect to the muon spin orientation i~ described by 

the asymmetry coefficient, defined by 

8 

J 

J 

.... .... 
dW(sµ TT p~) - dW(:µ T! ;~) 

ct = . (12) 
µv 

dW{:µ TT ;~) + dW(:µ Tl;~) 

By neglecting the terms proportional to· . q0/MN 

and q
2

/M~ in the case of unpolarized nuclei and neu-

trino, we obtain a simple expression for the coeffi­

cient a with allowance for the form factor FT: 
~~ 

« -µv 
1 

3 
f~v {1 -E--B FT} 

3 V FA • 
(13) 

In this formula the dependence on mv is quadratic 
through the neutrino velocity ~v -= {1-[mv l<Eµ 
~E> j2 }li2 • Eq. (13) may be used to estimate the 

neutrin3 mass~ and the form factor FT. At FT = 
1.4- lla.::, MeV- 1 the relative contribution from SCC to 

the coefficient uµv is ~407.. For unpolarized nuclei 
a detailed analysis of the contribution from sec to 

the coefficient «µv has been done in [10, 17]. 

One of the interesting characteristics of 

process < 1) is the coefficient of the asymmetry 

between the polarization directions of the muon <lµ> 
and the nucleus ct>, defined b~ n -

dW (S µ TTsn> 

'}in = 
dW<sµTTsn) 

where 1 
n is a 

dW <sµT lsn> 

+ dW<sµT!tn) 

, 

unit vector 

polarization direction. 

(14) 

in the nuclear 

9 



The coefficient ~~n for the ( 1 + ..0+)-tra.nsi ti 011 

has the form 

PH_ 
..::, 

A = (15) 
µ, ' H

1 
+ AH

2 

where the functions H. Ci= 1, 2, 3) dr~ given b~ 
i -

the expressions 

... ... 
H

1 
= 3+f3vcose + 2EJT<f3v-co-s8) + 4EJ2 <r~v+co-s8); 

H2 = 2f~vcose + Evf3'v(3cos2 &-1) CFz-F\)+2Evco-s8CF2+FT):; 

H3 =-3[ 1+(3,,.cose-E1,>f3..,.F\sin2 9+E
1
,.F2 ( f3,,.cos2 9+2co-s9+f},,.)]. 

C 16) 

... 
Here and below FX = FX /FA (where X 2, n. Not.e: 

that H
1 

give the differential rate averaged ov~r the 

parent nucleus spin states. 
If e ~ n/2 and the neutrino mass is neglect.~d, 

the coefficient A,1-Al is expressed as: 

... "' 
A,-.n = - P{1 ,..... C1/3)(-JvEa_..[F2 (1-A>+FT (5+A) ]}. (17) 

At the alignment equal to one CA= 1) we obtain 

... 
A,_., = - PU - 2f},,.E1,fT> • (18) 

In this case the relative contribution from SCC to 

the coefficient Aµ, at FT= 1,4 10-3 Mev-l is~ 407.. 

Note that the information on the value and sign 

<relative to the form factor F
2

> of the form 

FT may be obtained by using expression (18). 
Ate= 0° and A ;t 1 the coefficient Aµ, 

factor 

will 

differ from zero only if the non-zero neutrino mass 

exists, and in this case A,_., is equal to 

10 

I 
I 

A 1-41 
r"\ ? ~ l\;,I 

=•- (3/4) <m~/E~)P[1-2Ev<F2 +FT)J/C1-f3'vA>. (19) 

The 

muon 

latter equation may be used .to determin~ th~ 

neutrino mass. 

For the coefficient A,_., after integrating the 

dit+erential capture rate, we obtain the expression 

"' ... 
Aµn = P{l + (2/3) Ev< 1-A) <F2 + FT)}. (20) 

It follows from here that the contributions from SCC 

and weak magnetism to the coefficient 

case are correlated qnd it will be 

differentiate between them. 

Aµn in this 
difficult t.o 

Thus, the present limits on the form factor FT 

may .be improved by studying the coefficient 

various values of alignment A. 
AJ..n at 

~ L:t the nucleus be polarized along d5 TT (pv x 
~.> x ~.- Then, after summing the differential rate 
~ ~ 

over the neutrno spin states for the asymmetry 

coefficient defined by 

dW(sn jj1::1-s) dW("!:¼n i!1::1-s) 
A = s 

dwct r,tct > + dw<s r,lct > 
n 1

1 

-s n s 

we obtain the e~<pression 

PH_ 
..::, 

A = s 
H

1 
+ AH

2 

The function H
1 

is given 

H2 and H
3 

have the form 

in C 16) and 

(21) 

(22) 

the functions 

?_ I'\,, I\, "" I\, 

H2 = -(-JvcosfFJ + Evf}v (3sin "'i9-1) CF2 -FT)-Evco-s0CF2+FT):; 

11 



H3 
"" ~ = 3si nB[ (iv+Evfi1

1
,f TcosEil+EvF 2 (2-(ivcosB)]. 

In the case of 8 = n/2 th~ coefficient 

the form 

ft = P [f\_. + (2/3) ~. <F2 -i\) C 1-A) J. 

AS 

At A= 1 there are no contributions from the 

+actors FT and F
2 

to the coefficient AS. At 61 

and rr the coefficient As is equal to zero. 
ln the case of the polarization of nuclei 

(23) 

ha'::2 

(24) 

form 
-= 121 

in 

the direction 

plane (~ TT1iv 
that is perpendicular to the reaction 

:< "tµ) , th~ asymmetry coefficient, 

defined by 

-+ ii-+ -+ dW (!:h 
I 

I Pi,,XSt-4) - dW (unpol ar.) 
(25) 

A = N dW(unpolar.) 

is proportional to the alignment A and has the form 

A = N 
A[FAfi cos6r-E FT(fil -cos61)+E F?(fil +cos61) J/H1 • 

...... 1,-t ,... w - 1,-1 

The function H
1 

is given in (16). 
At cos61 = - 1 for the massless neutrino 

coe~ficient ~ is expressed as 

~ == (1/2)A, 

and in the case of cos61 = + 1 the coefficient~ 

given by 

~ = -C1/4)A. 

(26) 

the 

(27) 

is 

(28) 

In these cases the coefficient AN does 
on the form factors FT and F2 • 

not depend 

12 

At case == 0 the coefficient AN is equal to 

"" "' 
~ = - < 1/3) AEV <F2-FT) , (29) 

which is the same as the expression for the 

coefficient~ obtained after the integration of 

differential rate (3). 

Thus, 

information 

dependences 

the 

on 

of 

analysis shows that 

the form factor FT 

various correlation 

for getting 

the angular 

coefficients 
( Ct , ,., .... Al-'n' Ag and ArJ in the µ--capture by the 
polarized nuclei should be investigated. At 9 -=· n/2 

and A= 1 the coefficient A/JI depends only on the 

form factor FT, and at 0 = 0° and A .-= 1 the 

coefficient A/JI is not equal 
non-zero neutrino mass exists. 

to zero only 
In the case of 

if 
9 

a 

-= 

rr/2 the coefficient A
8 

depends on the form factors 

F
2 

and F
1 

only when A.:,,. 1. At 0 : 0° and n the 

coefficient AN does not depend on the form factors 

F2 and FT, and at B == rr/2 the quantity AN is 

proportional to the difference between F2 and FT. 
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