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The problem of secand class current (SCC) has a
significant value for our understanding of the weak
interaction structure. Weinberg [1] classified the
weak hadron currents by their transformation
properties under the G-parity operation (where G = C
explinT,)). The first class currents (FCC) which
domlnat; in the weak interaction and form the basis
of the Standard Model, ' behave under G—parituy

transtormation as
svie™t=+vl and salst=-al.

o
SCC, which are a serious problem (sea, for: examplsa,
€2,31) for the renormalized gauge theories of the
electrowsak interaction, behave oppositly to FCC

under the G—-parity operation:

& vil g1 = _ It and At 6! =+ alll

o

Following this classification the Dirac (Fl),

Fauli (Fz), axial-vector (FA) and pseudoscalar (FP)

+orm +actprs belong to FCC, and the scalar (FS) and
tensor (FT) form factors - to SCC.

From the investigation of the mirror asymmetry
ot #-decay [4]1 the values of F; are found to be
equal to the form factor F2 within the experimental
accuracy. On the other band, in a series of papsrs
(see, for example, [31) from-the data on the angular
distribution of g-particles with respect to the
nucliear spin it is concluded that the G-parity of

the weak nuclear current is strongly conserved, i.e8.
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FT = @O. SCC alsa searched +for 1in the
isp—elastic scattering of wn + wp [61, but theuy wer=

were

not observed.
Recently the
place due to SCC have been

~—lepton decay channels taking
observed at colliding
[B83). Nevertheless,

dpoubt

e e -beam ('t-u.mv,t [L71 and TS,

the subsequent analysis of these data throws
upoﬁnthe conclusions of the SCC existence (see, for
example, 2.

Thus, at present there is a contradictory and

uncertain experimental situation concerning the
search for SCC. It that for the

SCC problem it 1is

seems complete

solution of the necessary . to
search for new effects, induced by SCC, and to carry
out a number of

independent experimants an

measurement of various physical characteristics ot
electroweak processes.

transferred in the
{+-decay, tha=

search for SCC in the y —capture is preferable (10,

113, although the puré effects [12 — 141, induced by
SCC, mau be also observed in nuclear gg-decay.

Since the momentum

y# —capture is much higher than in the’

The present work, developing the [1G, 14 - 171,

is devoted to the study of the polarized muon
capture by the polarized light nuclei
L+ (A, Z) — (A, I-1) + v ~ (1)

with allowance for the SCC and the muon neutrino
mass. '
element of

The matrix process . (1) in the

t+ramework of the current-current theory of the weak

2

interaction may be written as
F
1, 3,, (2)
—"1-'-t > o -+ .
F#glr) J M [i> is  the

5 —_

]

nuclear weak current; GF = 1.@23%x1@ mb 15 theo
Fermi constant of the weak intesraction (mp is the
proton mass); q_ = (p'u - pPJla = (a, iEg). is tha

4-momentum transtery pz and p: ara the 4-momznta of

the muon and muonic neutrinos 1, =i Gby e (1 + 3
up is the muon currentj; u, (i = v x)  are  ths
Dirac spinors.

Since the wave tunction of the muon ¢IS(F) in
the 15 Bohr orbit of the mesoatom is a slaowly
varying tunctiaon within the nuclear voluma, it will
be a "good” approximation if one extractes it from

the 1nside of the matrix element (2) and use its
average value [181:

3
= (R/m) [Zavn”MA /im, + My )]

Here R is a reduction tactor taking into account tha

2

h |2 |
| #15lav = Rl#1gt@ |

finite extent of the nuclear trancsition dencity; MA

and Z are the mass and the chargz of the nucleus;s o
is the fine structure constant.

In orqer to calcﬁlate the

nuclear matrix

elements the multipole expansion method [18] of the
”~
nuclear weak current Ja(a), 1s usad. '
The coordinate system (see Figq. 1) taking into

account the nuclear

defined as

3

polarization is



tollows: 52 = aa = a/q, tha unit vactors 31 and 39
are parrallel to the vectors (ﬁv ® ) x 5 and (EP P
3H), respectively. The angleas &* and p* describe tha

with

W

direction of the quantization axis (Z+—axis)

Fig. 1. The coordi-

nate systezm used in  tha

polarized muon

by tha polarizzad nuclei.

respect to the fixed

ellPxsy Z-axis. Below the method

it

of taking into account

ey [P, xsnlxq

the nuclear polarization
£i14, 19,

operators,

-~ L'
pxSplxsp ¥

described 1in

201 15 used. The order of the multipole

determining the expression for the differential rate

. L1 .
e i. f. .
of the transition (Ji H TiM - Jf ] T+MT )y 15

T.
i

. +
selection =

defined by the
[%.—JFI. In the
(J = 1) the differential rate of

rule; lJi—J{| J =

case of the pure Gamow-Teller

transition process
(1) with

polarization and the

allowance for the muon and nuclear

longitudinal polarization of

the neutrino (the mass of which i3 supposed to be

not zero), calculated using (2) in the lower order

of the perturbation theory, 1is givan by

5.2
F T, 1T, 42

dW = dL‘)HE‘HpHHbIS";v [—-M.-*;- -1 M'll' ] F(.sr,g,'ll'”‘;““)f
: f

(4r 2 (3)

capture

Here da, = sin@)dade is the solid angle of the
neutrino; p,, = (EE-—“mé)i/‘, E,, = E, — % (where AF
=Eg — Ei = EP - E, is the energy transfer}), m  are.

the momentum, energuy and mass of -the neutrino; E#
mH.—-gB, m, and gg are the energy, mass and binding

b energy (in the 18 Bohr orbit of a mescatom) of the
muon; E; (Ef) is the energy of the initial Afinal)
nucleus.

.

The function F (2, 8*, ﬂ*).has the form

) * *y ' ' . +
Fla, e, o) = fop + 26,0, + fgog + fu0, F595

* & — —
2(c056 )[+1¢1 + 2(f2¢é - f3¢3 f4¢h

+
D

o1 * * S 5 . ¢ S F. .+ fFDFD 4
+ AP5(cosf Tcose (F Ry 4 FEy sFLiFm1 * fefcifFel

2 % # S 2 _ ] -
+9F31Fm) - P2(cose™) cos2e £ gl Fiy? (F2) 41

S =5 S
+ £ FFEL Y faFeFm

* * S
- SPFi(CDSE }cosy (beLlFMI .7 LU EL

= . }
5 * + g (4)
quEIng) - _E_ PPl(cusg )(2f1¢2 2¢1 ‘

Here A and P are the alignment and the polarization

of the nucleis ﬂE(cusa*) are the associated Legendre’

polynomials;

2 5 42 = 5
#, = ((FMI) +_(FE1) ¥, P FMIFEI 1



S 2 £S5 S 5,2
s = F 2% ¢4 = FsFrro #5 = (Fg )% (3)

X Fgl’ FEI and FEI are the ﬁatrix elements

of the vector magnetic, axial-vector

where FM
electric,
Coulomb and longitudinal multipole operators.

The arbitrary polarization of muons and tha
longitudinal polarization of the muonic neutrino
taken into account the.leptonic functions {i i=1,
2, <=y 18), entering into the diff=rential rate

(3}, have the form:

ty = 256(1 - svﬁose), fo = —_26(sv - cos&),>
fy = 26(1 + s cosé), fa = 46(s,, + cosé),

{5 = 2&8(1 + svcose), {b = ¥Esvasine,

f, = — YZésing, fg = YZ4sineg,

fg = ¥25,55im0, fig = ©- (6)
Here cose = (Epﬂz) = - (%Pﬂn), where tp-ié,the unit

vector of the muon polarization and 33 = ﬁp /p,, 1s

the unit vector in the direction of tha neutrino
momentum; & = 1 — s,f%,, where s, = *1 and ,, = lﬁvl
= p,/E,, are the helicity and tha velocity of tha
muonic neutrino.

After sSumming eqge. {(3) over. neutrino’ spin

states, we obtain the following exprassions for the

functions ¥, (i =1, 2, ceey 102
f1 = 4(1 + ﬁvcnsg), fz = 4((;p + Ccosg),
6

4(1 — ﬁvcose), f4

£, = = —B(ﬂv - cose),

fg = 4(1 — [3,£0S6), fb = —24Z7 5106,

t, = - 2¥/Zsing, fg = 2/Zsine,

fg = —/2,sine, f1g = ©- (7)

The further averaging of expression (3) over
the muon spin states gives a simpls form of the

functions fl:

t) = 4, £, = 4p £ = 4, f4 = -84

l)'
fg = 4, fo = —24Zp,, f5 = - 2V2, fg = 22,
g = ~2¢/2B,,, f1g = O. | (8)

In the case of unpolarized muons and for
production of the longitudinally polarized neutrino

the functins fi are given by

£, = 2s, fo = = 2.6, g =26, £, = 45,8,
fo = 26, fy = 75,5, f, = - 425, fg = V25,
-qu='/§*_=bc5,.’ fig = O- RS2

' For the polarized muon capture by the polarized
i nuclei in the framework of the shell model with

the harmonic oscillator potential - the matrix

S S 5
1
elements FMI' FCl? FL1 and FE1 have the form
1 q y
F = o —— e 9 [k,F; + plk, + koyd) ]
ML ym M 11 2 - T



2
S . .Y
FEI = 1,—"_1_—- e (kz + kzg)FA,

5 q

1 - 3 -
2, =— — € Y [kyFp + (kg + ke (q Fp + 2M FD 1,
v Mn

k3

2 g
FI = - e Y (ke+ kWF,~ — FJ. (1@
L1 e 5o eT A o P
Here k1.= B.178;3 k2 = B.361; k3 = -B.354; g
" 2
B.6-1B3°; K = -@B.397; k = @.293; y = (bg/2)°,

where b (: 2.3 +m ?18]) is the oscillator
parameter.

In the lonq wave lenth 11m1t (q/Mn 30, y = 0
the function determining the differential rate of

the o —capture by the polarized nuclei, is given by

Fle, &, o) = F (2f, + f_) + 4qf

alety + 3 oFo — afgFy +
+ APZ(cosa*) [F (f, ~ £ + 2af F, + qf F.1 +
+ m=>12 (cose™ )cosp™ ¥2(£,F, + q;7F2 - afgfp) +
+ - Pf(cose*)co 2% £ Fo* 3’F' Pl(cqse*) (£ F

+ 29 F) + 342 P PlicoseMcose™ (£,F, + af F,

9FT)' : (11)

The angular distribution of the neutrino with
respect to the muon spin orientation is described by

the asymmetry coefficient, defined by

8

dms T % - dw(s Tl pp
= i (12)

dH(s TT pD) + dw(s Tl pp)

ot
Ly

By neglecting the terms proportional to’ Ia/MN

and q /Mﬁ in the case of unpolarized nuclei and neu-
trino, we obtain a simple expression for the coeffi-

cient A with allowance for the form ftactor FT=

1 - B8 Fr
o = IEs - —E ' (13)
H 0 { 3 v Fa } ,

In this formula the dependence on m, 1is quadratic
through the neutrino velocity 3, = {1-LCm, /(EP -
AEY P /2, Eg. (13) may be used to estimate the
neutrino mass m, and the form factor Fy. At Fq; =
1.4- 183 mMev! the relative contribution from SCC to

the coefficient «  is = 40@%. For unpolarized nuclei

a detailed analysis of the contribution from SCC to
the coetficient PR has been done in [1@8, 171.
One of the interesting characteristics of

process (1) is the coefficient of the asgmmetru

between the pular1zat1on directions of the muon (2 !
and the nucleus (s ), defined by

aw@, 112 - awez T]2)

= ' ) | (14)
o awe T2 + awez ]2

where §1 is a unit vector in the

nuclear
polarization direction.



+ PR
The coefficient ann for the (1Y.@h)—-transition

has the +orm

where the functions Hi (i =1, 2, 3} ara= given by

the expressions

0o

H, = 3+@,cos6 + 2E,F (#,-C0oSE) + 4E,F,(fi+cose);

1

Hp = 2/4,cos8 + E f,(3c05°6-1) (Fp—F1)+2E,cos6(Fa+F )

n, . ne _2 . .

Hx =—3[1+ﬁMF°59'EQﬁLFT51n29+EuF2(ﬁLFQb 9+2C038+ﬂu)]-
' (1&)

Here énd below 'l‘éx = FX/FA (where X = 2, T). Note

t.hat,_H1 give the differential raté averaged over the

parent nucleus spin states.
if & = n/2 and the neutrino mass is neglected,

the coefficient A is expressed'as:

n

ﬁq] = - P{1 - (I/S)HFE;EEZ(1—A)+Fr(5+A)]}. (17)

At the alignment equal to one (A = 1) we obtain

Apn = - P(1 - 2ﬁuEuFT). (18)

In this case the réiative contribution from SCC to
the coefficient ALn at F; = 1,4 1073 MeV™! is = a@%.

Note that the information on the value and sign-

(relative to the form factor F2) of the form factor

FT may be obtained by using expression (18).
At ¢ = B9 and A # 1 the coefficient A will
differ from zero only if the non-zero neutrino mass

exists, and in this case A is equal to

LN
10

Ay == (3/8) (S/EDIPL1-2E, (F5+F 1) 1/ (1-f,A) . (19
The latter equation may be used .to determinzs the
muon neutrino mass.
For the coetficient 6u1 after i1ntegrating the

ditterential capture rate, w= obtain the =xpression

A, =PI+ (2/3)E,(1-A) (F, + F)2. (2o
It follows +rom here that the contributions +rom SCC
and weak magnetism to the coefficient A“n ‘in thiﬁl
case are correlated and it will b= difficult to
dit+ferentiate between tﬁem.

Thus, the present limits on the form factor F

T
may .be improved by studying the coefficient Aun at
various values of alignment A.

Let the nucleus be polarized along GS_ (ﬁp X

;p) ® Ep.bThen, atter summing the differential rate
over the neutrno spin states for the asymmetry

coefficient defined by
dw(snTTuS) - dw(gnTluﬁ)
Ag = . (21)
awe TTay + awez Tlao
n 5 n =

we obtain the expression
AL = e, (22)

The +unction H1 is given in (16) and the Ffunctions

H2 and H3 have the form
Hy = - cose + Evﬁp(ssnw%?1)(fé—ﬁ});Epcose(ﬁéfE}):

11



~ } ~ - s -
H3 = 35in9[ﬁp+EpﬂvFTcasH+EpF2(4~ﬁvc0=a)]. (23}

In the case of & = n/2 tha coafficient AS has

the +arm

' ; 3 £, -F - (24)

P‘S = P [{Jp+(,."J‘./..-.H—'m(F2 FT)(1 a)l. 2
At A = 1 there are no contributions from the form
tactors FT and F2 to the cosfficient AS' at & = 0O

and . the coefficient AS is equal to zero.

1n the case of the,polarization of nuclei 1n
the direction that is perpendicular to the reaction
plane (EHTTﬁP ® Eu), the asymmetry coefficient,

defined by

dw(EhTTﬁpxgy) —~ dW(unpolar.)}

(23)

AN =
dW(unpolar.)

1s proportional to the alignment A and has the form

- A[FAF“CDSGHEHFT(H“—EDSQ)+E“F2(HH+E059)]/Hl.

AN =
(26)
The function H1 is given in (14).
At co= = — 1 for the massless neutrino the
coetficient q“ is expressed as
AN = (1/2)A, | (27)
and in the case of cose = + i the coefficient ﬁ“ is
given by
PN = —~(1/4})A. (2B)

In these cases the coefficient AN does not depend

on the form factors FT and F2'

12

At cos = @ the coefficient AN is equal to

Ay = —(1/3)AEP(;2—;T), (29)
which 1s the same as the expgéssion for the i
coetficient AN obtained after the integration of
differential rate (3). .
Thus, the anélgsis shows that for getting
intormation on the form factor FT the angular
dependences of various correlation coefficients

(aHH, Apn’ Agand Ay 1in the .u_—captur‘e’ by the
polarized nuclei should be investigated. At & = /2
and A = 1 the coeffi&ient A depends only on the
form tactor FT, and at & = @2 and A = 1 the
coetficient Apﬂ is not equal to =zero only if a
non—zera neutrino mass exists. In the case of @ =

/2 the coefficient AS depends on the form factors

F2 and FT only when A # 1. At & = @2 and n the
coetfficient AN does not depend on the form factors
FE and FT, and at e = w/2 the quantity AN is
proportional to the difference between F2 and FT.
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