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The most general form of the vector Vo and axial-vector A,
components of the hadronic weak current J, = V, + A, can be
written (using only the lorentz covariance) as
Va = “(pr)[Flya +Fy aanB+ iqua]u(p l) .

(N
Aa=“(pf)[—FA'ya—FTaaﬁ QB —iFan]yS u(pl)'

The six form factors containing all the information of the
semileptonic processes ( g-decay, muon capture, neutrlno scat-
tering processes, etc.) are functions of Qa=(Pr - p‘ )2 :Fyg=
..Fx(qi ), where X =1, 2,8, A, P, T (pirac, Pauli, sca-
lar, axial-vector, pseudoscalar and tensor form factors).
Weinberg/l/ classified the weak charged currents (1) accor-
ding to their properties under OG-parity transformation, which
is the production of the charge conjugation operator C and the
rotation of 180° around the 2-nd axis Ty in the isotopic
space (G = Cexp (i7Tp )). The first class currents(FCC),which
are the dominant interactions and form the basis of the Stan-
dard Model of the electroweak interaction, behave under the
G-parity transformation as

avlat-ev! sg 0abct aoa).

The second class current (SCC), being the serious problem for
guage theories (see, for example,/z/ ), behaves oppositly un-
der the G-parity operation:

-1 =+-A2

avllctavll and 0al @
In accordance with this classification form factors F,, F,,
FA ,F belong to FCC; and form factors Fs, FT , to SccC.

In connectlon with the recent observation of tau-lepton
decay modes, taking place/s's at the expence of vector (r -»
sqmy, '8/ ) and axial-vector (r»wrv, /7/ ) hadronic SCC, the
1nvest1gat10n of effects , induced by form factors Fs and FT,
acquires a significant value. They can be observed in experi-
mental study of angular and spin-angular characteristics of
B-decay and muon capture processes. (One should note that the
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conservation of the vector current in CVC hypothesis requires
that the SCC scalar form factor should be zero:Fg =0). Since
the momentum transferred in the muon capture is much higher
than in the B-decay, the muon capture process is preferab-
1¢/8.9/ from the point of view of observation of SCC effects,
although pure effects/10.11/ jinduced by the axial-vector se-
cond class current exist in the B-decay of mirror nuclei as
well.

Kubodera, Delorme and Rho (KDR) proposed a model for the
B ~decay of mirror nuclei’!?/ which takes into account the
contribution from nucleon off-mass-shell effects in the nuc-
leus and the meson exchange SCC. The KDR model is based on
the virtual decay of the w-meson:w-rmev, (indication of the
existence of the w-meson is given by the observation of de-
cay T wmvy v ). Similarly, the decay of the virtual w-meson
by the mode w-» muvy should contribute when taking into account
the SCC in muon capture by light nuclei. .

Furthermore, at present along with the SCC problem there
are topical problems, like existence of a rest mass’1%3/ of
neutrinos . of various types and the search for new methods
of its determination/1%-18/ There are various methods for the
experimental determination of neutrino (antineutrino) rest
mass (see, for example, 13,19,20/ ) One of them, the most ac-
tively used in recent years, is the method of tritium beta-
spectrum endpoint measurement in order to determine the elec-
tron antineutrino rest mass mp, (see, for example, /18,19-22/ 3,
The upper limit of the electron neutrino mass m, is obtained
from the energy balance in the electron capture %y 183146 nuc-
lei 723/ (my, <550 eV). The limit for the muon neutrino rest
mass My, is obtained from the pion decay ’2¥ (m,, <500 keV).
The upper limit for the tau neutrino rest mass is obtained
from the tau-lepton decay in 3n*n® and 5ntn©/28/ (my, <84MeV).
A series of papers’/14-18/are devoted to search for new (based
on the study of angular and spin-angular correlation coeffi-
cients) methods of obtaining information on masses of elect-

18/ and muon /17 neutrinos.

When the neutrino mass M, is estimated, the second class
currents can be the source of background, while the mass m,
in its turn, may affect the estimation of SCC parameters.
Therefore, in order to understand the structure of the weak
interaction of elementary particles, these two problems sho-
uld be studied simultaneously with allowance for the possible
correlation of effects induced by the SCC and mass m,, .

The present work is devoted to a simultaneous analysis of
- the influence of the muon neutrino rest mass and SCC on the

asymmetry coefficient of neutrino emission with respect to the
muon spin orientation in the polarized muon capture by light
nuclei (A,Z):

p= +(A,Z) - (A.Z-1)+v#. 2)

To calculate SCC effects basically induced by form factor
F, the impulse approximation/28/ is used, where the Hamilto-
nian of the Gamow-Teller transition (the velocity of nucleons

neglected) has the form /8,9, )
A
Gr 5 1 E, .° - 1

H _=-— _{(F, - - i -
v 1E=1air_ {(F, -F, 2MN)Z ityalF + 2MN(FA m#FP)]l.
(3

-2

Here Gp = 1.023.10°%m}, is the Fermi constant of the weak

interaction (mpis the proton mass); A is the mass number;

rd and 3, are the operators of isotopic spin and spin matri-
ces for the i-tg nucleqp; qa==(a.iEo ) is the 4-momentum
transferred;fq(fy) = (T(F ) ,155?1)) is the leptonic current.
The expression for !, is employed here in the form

tq ’i'zv#')’a(av*'aA}’B)'/’uv (4)

where wu and ¥y, are the wave functions of the muon and the
muonic neutrino. We take the radial wave function of the muon
in the bound state of the muon in the mesoatom (K-orbit).

Here the possibility of deviation of the muonic current
from V-A-structure and the nonzero muon neutrino rest mass are
taken into account; ay and a, are the constants characterising
the intensity of the vector and the axial-vector parts of the
muonic current (difference between them does not contradict
the existing experimental data’®"y. Note, that to take into
account the deviation from the V-A-structure of the leptonic
current is the same as to consider both the right-handed
and the 1left-handed currents. 1In this case the intensity
of the left-handed currents is defined by the coefficient
(ay +a, )/2 , and the intensity of the right-handed currents
is proportional to (ay -a,)/2.

The second class currents in the axial-vector part of a free
nucleon current may be introduced by using the requirement of
the relativistic invariance in two equivalent ways: with the
help of the term Frogg q Bys, as in eq. (1), or by adding the
term iFf Py v5 (where P, = 75 +P;l ). In the nucleus this equiva-
lence is violated, since nucleons are not on the mass-shell.
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Meson exchange second class currents in the KDR model '1%/,

Then, investigating the meson exchange SCC contribution,one
has to take into account the off-mass—shell effects. This may
be done,for example, by introducing the SCC as a sum of two
above-mentioned terms /1% . In the KDR model employed for the
case of muon capture the contribution of Feynman diagrams
shown in the Figure is taken into account. In this case the
muonic charge current is taken in the form (4), and expres-
sions for the gorrespondlng hadronic (meson exchange) currents
are given in’

Since #15(f) is a slowly-varying function within the nuc-
lear volume, one may extract this function from inside the
matrix elements and use only the average value as a good appro-
ximation,/24'25/

6y 12, =Rldyg (02 =R/m){Zam, M, /m, +M,)1%, (5)
where R is a reduction factor taking into account the finite
extent of the nuclear transition density, M, and Z are the
mass and the charge of nuclei, a is the fine structure con-
stant.

The differential rate of polarized muon capture by light
nuclei (for Gamow-Teller transitions) summed over the final
spin states of the nucleus and the neutrino, averaged over
the initial spin state of the nucleus and calculated with
allowance for the meson exchange SCC by the KDR model has the
form

2

G2a? (1+x2) | A
FoV 18 -
aw = . 49, E,p, __‘-"_| s o rlsPx
(4m) I, +1 =1
4

E 2 -+
1@t - 2F, ?M_N + 28D [30-C) + s (Bys) ]+
(6)
- -~ 2 S
+2E,[{ + EL + (1 -m,F)IB, - -1—"—5—<p,‘: Rl
N + K

2

p R mbm“ v k. ﬁ =(1-mS /E2 Y% and E, —E -AE are

1+ E, E
the velocity and the energy of the muonic neutrino; E,
=my, ~€p and m, are the energy and the rest mass of the muon;
‘B 1s its blnéang energy in the K-orbit of the mesoatom; AE
is the transferred energy; parameter k=2, /ay is the ratio
of the axial-vector and vector constants of the muonic cur-
rent; the parameter [= (Fp+ F;)/F, , whereFq and Fy are the
usual tensor form factor and the one taking into account the
off-mass-shell effects; the paramenter* { =8 + y determi-
nes the contribution of the meson exchange SCC, where B and
¥y take into account interactions of pions with nucleons and
of W-mesons with nucleons and pions; quantities L and J are
the ratios of matrix elements of the time and the space com-—
ponents of the exchange scc’'? to the Gamow-Teller matrix

Here C =

>

element < X & r‘> 8, is the unit vector of muon polariza-

i=1 i K
tion; pv = pv/py is the unit vector in the direction of muo-
nic neutrino momentum; d(),, is the solid angle of the neutrino;
the "tilde" over the parameters (form factors) shows that
they are normalyzed by the axial-vector form factor F,.

In order to derive equation (6) only the leading order
terms proportional to SCC parameters and E,/2My are retained.
Here My, enters in the kinematic factor through its momentum
p,, as well as in the matrix element through its velocity
B, (quadratic dependence) and through the quantity C (linear
dependence),

* We draw attention to the fact that the second parameter
of the KDR model is denoted here by the symbol £ (the authors
of /12/ originally denoted it by A). In the present work A
denotes the ratio of the vector and axial-vector constants
of nucleonic currents.



Below, for the study of SCC effects in muon capture invol-
ving Fermi type transitions and mixed type transitions, a ge-
neral expression for the Hamiltonian (see, for example, ’8.92/)
is used, in this case the meson exchange SCC in the KDR mo-
del are considered only in the axial-vector current of
nucleons.

We note that if the meson exchange SCC in the KDR model
are neglected, then it is enough to set the KDR model parame-
ters as {=F; and £ = O in the corresponding expressions for
the muon capture rate and the asymmetry coefficient which is
considered below. In this case tensor form factor Fp induced
effects remain.

In what follows we consider the asymmetry in the angular
distribution of neutrino dW«1 +a vcos(O),cos(e)- (pg a“ ),
where # is the angle between the neutrino momentum and muon
spin orientation. The asymmetry coefficient a“u of neutrino
emission with respect to the muon spin is defined by the
expression

/12/

dW(B:?T E#) - dW(B: TJ-S’“)

oo S0 N 20 N ¢ (7)
dw(p,, rt s“) + dW(p, T8y )

b
J

The coefficient @y, is analyzed for 0-0, Gamow-Teller and
mixed type transitions in the muon capture.

a) O*+ O* and O*s O~ transitions

It is well known (see, for example,/s/) that in these cases
the coefficient ayw =-1 no matter if there are SCC or not.
But, if the neutrino rest mass and difference of x from |
are taken into account, then the coefficientﬂ“y takes the
following form:

. 2«
aw =—BVT-:2—(1—C). (8)

In order to consider the deviation of ¢y from the predic-
tions of the pure V-A-structure of the muonic charged current
with the vanishing neutrino mass we introduce a quantity

aV A _ o 2
pv uv m m,m
A0 0) = =Y VE d-iy+La-0f (9
v-a 2£® EE z
& v vou

Table 1
Deviation of ay from the predtcttons of the V-A-struc-—
ture of the muonzc current in super-allowed trans%ttons

m:\\\: .99 2.999 1.0 1.001 1.01

-9 ' -7 -7

-5

0 5.0 10 5.4 10 2 4.8 10 5.0 10
50 5.5 1279 1.1 107 1.2 1877 1.2 1877 4.5 107>
see 1.1 107 161077 1011077 e7 1074 1.4 1070

In Table 1 the expected values of A are given for neutrino
mass 0; 50; 500 keV and on the deviation of x from 1 within
the 1limit of 1%Z: 0.99; 0.999; 1; 1.001; 1.01. It is seen from
Table 1 that the coefficient a is sensitive to parameters

and k : nonzero mass and admixture of the right-handed
cuﬂfent decrease the absolute value of ay, and that depends
on the values of my 6 and x . Therefore, the consideration of
the coefficient ' in allowed 0%+ 0% and forbidden 0"~ 0~
transitions in principal gives a chance to estimate the neut-
rino rest mass My, at a defined value of « using equatlon(B)

b) Gamow-Teller transitions

If Fp is not taken into account, then the coefficient @y,
may be reduced to the form (for the pure Gamow-Teller transi-
tions)

l_ﬁ"—x {1+C-—E (Z+ L)L (10)

a =
w =3 R

Equation (9) may be used for the nuclear transitions with Al =
= | provided that only the basic matrix elements in correspon-

ding transitions are used in nuclear amplitudes. Here the simul-

taneous analysis of effects due to m, , (with ¥ = 1, and «x#] as
well) and SCC is carried out. For this purpuse we consider the
difference of @y, from predictions of the V-A-form of the
muonic current with zero neutrino mass and vanishing SCC:

aV—A a 2
A - oo P BT ey
ot a%p A 2EZ  E,E,

(1)

+%(1—x)2 +%EV(Z+ L),

where aZJﬁ‘= 1/3. Agr is analyzed for m, = 0; 50; 500 keV
and k = 0.99; 0.999; 1; 1.001; 1.01.



Table 2

Deviation of @y, from the predictions of the Y—A—
structure of tﬁe muonic current with no neutrino
mass in the case of absence of SCC for Gamow-
Teller transttions

A\\\\: .99 8.999 1.0 1.001 1.01
v .

- -7 - -55

2 5.1 1077 5.4 107" 2 4.5 107’ 5.0 107°
=0 4.6 18”9 2.7 1077 1.8 1277 1.1 107 s.4 1073
se0 1.4 1277 &.8107° 1.1107° 1.6 1877 1.1 107%

Table 3
Deviation of a,y from the predictions of the V-A-
structure of tﬁe muonic current without SCC and
Wy, in_the case of 12¢ for the KDR model parame—
ters: £ = 2108 Mevt and € = 5+ 1078,

m:\\\ﬁy @.99 8.999 1.0 1.001 1.01

2 -0.44 -0. 44 ~-0. 44 -0.44 -0.44
se -0.44 -0. 44 -0. 44 -0. 44 -0.44
soe -0.44 -0, 44 -0, 44 -0. 44 -D. 44

In Table 2 the values of Agr are shown for the case with-
out SCC. The Table 3 shows the values of Agp for the_case of
nonvanishing SCC with parameters & = -2.10-3 Mev-1; £=5-10"3
(here for instance L is taken for !%C nucleus; in a §enera1
case there must be an [, for each individual Nucleus’I! 12/ ).
The contribution of SCC in @ dominates and may reach up
to 447.

In the case of Gamow-Teller transitions in the impulse
approximation with allowance for the terms proportional to Fp
and FA/QMN, the coefficient a, can be given by an axpression

2% _(1,C-LE[l+fL+ L-@-m,F)OI  (12)
1+ % 3 v 2M KoP
Using single-particle matrix elements defined in

1
Y =-§Bv
/30/  ye

obtain the following asymptotic expression for the coefficient

ayy in the case of muon capture by 126 nucleus:

1 2x 8 s = 1
==B——afl+C - E L
3BV1+KE{ * 3 V[C+E +2MN

3 ~
ap,l/ (2——va?)]}. (13)

a = e i1+

We should underline that the term proportional to E,/2My enters
in equation (13) with a weight 3/2 times greater, than in (12).

c) Mixed transitions

In order to consider mixed transitions (withAl = 0; I # 0)
we employ the method of multipole expansion of the weak had-
ronic current /28,297 | In this case not only the axial-vector
SCC (proportional to form factor Fp) but also the form factor
Fg should be taken into account when studying SCC induced ef-
fect§. This reduces the coefficient a,, to the following exp-
ression:

2« K 1 2 8)\2 2 ~ ~
a =- — {1+ =-[-C1-3x — (A E L)+m F_ )1
Ly Bui:—xg "2{ +772[ ( )+ ” (AE ({+€L) + #S) }'(14)
Here 7y = 1| - Ag; ng = 1 +-3A2, where A = -1.25 is the ratio

of the axial-vector and vector constants of the nucleonic
current.

In the case of the pure V-A-structure of the leptonic cur-
rent and the absence of the neutrino rest mass the expression
for a,, with both form factors Fg and Fy takes the form

2
il 8A

T OEN (VPE,(¢ + £1) + m, Fg 1. (15)

For the case of the finite neutrino mass, differance of the

muonic current from the V-A-structure and on neglecting SCC,

the coefficient a may be expressed as

1o
2k 1 - A® 1 - 3%
a =-8 _ [1-C ——-—-1].

w TV TRE 14 8a2 1+ 3A2 (16)
Without SCC andth“ and with « = | we have the expression
LT T (17)

We analyze the equation (14) with a quantity
V-A 2 2
@ uy - Guy m’, m,m, 1-3
A= V=& = oEZ (1-0) e
a +
v v v
M M (18)
1 e 82" (2. 3 3 =
+5(1-k)" - =—=— (M E ({+fL) + m,F 1.
2 7,7 s
9



Expected values for A without SCC are listed in Table 4.The
contribution of SCC in mixed transitions may reach up to 60%
depending on the concrete transitionm.

) Table 4
Mized transitions in the case of absence of SCC;

the effects, induced by the neutrino mass m, .
T

m‘\K @.99 @.999 1.0 1.001 1.01
)]

5.2 127° 5.1 1277 2 s.1 10877 s.0 10”7
sa 4.7 1072 221077 7.310°8 951077 531077
S0 11870 8.410° 1.1107° 151077 1.4 102

Formally, the expressions for three above mentioned cases

may be united into one (taking into account the pseudoscalar
form factor FP) as follows

2« a - bA® t 2
= - 1 —C _3bA
v ﬁ"1+ "za+3b_)\2i +a—m?[ (2 )+
0 (19)
8bA 2 1 =~ =
+ —22 _ONE, ({+ L+ —Q -m F_)) +am F )]l
a+ 3% v 2MN poP kS

Here a and b have the following values:
1)a=1, b = 0 for super-allowed transitions ot-o0*% (for

example, u~4+ 1860 , 16N 4 vy) and for the first forbidden
transition 0+, 0=}

2)a=0, b =1 for Gamow-Teller transitions (for exam
. ple
B+ eLiﬂ 6“0 + Vs kT 120-' ieg v, 3 K= + 2N-o 1'Q(C + u’.
M W ws
etc.);

3) a= b=1 for mixed transitions éfor example, u™+p -0 +
Y, T+ 3He~3H+v#;y'+1°F(l/2)-' ¥9951/2) + Vu ; etc.);

Generally, weak magnetism also affects the asymmetry coeffi-
cient @, . However, the treatment of this effect goes beyond
our present discussion.

Thus, it follows from the performed analysis that to obtain
complete understanding on the muonic neutrino rest mass m, ,on
difference of the parameter x from 1 (i.e., deviation of the
muonic current from the V-A-structure) and on parameters of
the second class current,the coefficient of neutrino emission
asymmetry relative to the muon spin orientation ay, in diffe-

10

rent transitions under muon capture by light nuclei should
be studied in a series of investigations. So, for example,

if the deviation of the asymmetry coefficient @y, from -1 in
the case of 0~ 0 (super—-allowed and first order forbidden)
transitions i1s obtained, then the correlated value of the
mass My, and parameter k may be determined, since they make
the basic contribution to coefficient a,, . Experimental study
of the coefficient @, for Gamow-Teller transitions will pro-
vide an additional information on SCC parameters (KDR model
parameters { and &) in the axial-vector part of the hadronic
weak current. The vector second class current form factor Fg
may be estimated from the consideration of mixed type transi-
tions using KDR model parameter values, obtained from Gamow-
Teller transitions.

Thus to solve the acute problems (existence of SCC and non-
zero neutrino mass), in the weak interaction, the precision
measurements of angular and spin—angular correlation coeffi-
cients in B-decay and muon capture are necessary.

In conclusion the author expresses his thanks to Professor
I.N.Mikhailov for the discussion on this work and valuable
remarks done by him, to Professor Ts.Vylov for the discussion
and constant interest in the work, and also to Dr.N.V.Samso-
nenko for stimulating discussions.
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Karxar Y.JI. E6-88-121
MesoHHble OoOMeHHble TOKH BTOPOro pohda
M Macca HeMTPHHO B mpoleccax H-—3axsarTa

JerKHMH AODpaMH

lpoaHaMH3UPOBAHO BIMAHHE NapaMeTpoB ModenH Kyb6onepbi~
OepopMa-Po (¢ u &), ckanspHoro dopmbakrtopa (Fg Yu Macce
[MIOKOA MIWOHHOTO HeHTPHHO (myu) Ha Ko»sbdHlIlHeHT acHMME TpHH
(apy) BbUleTa HefiTPHHO OTHOCHTEJILHO OPHEHTAauHH CIHHa MIoHa
B IIpoleccax i~ —s3axBaTa JlerkumH sgpamH. IlokasaHo, 4ToO,
puayuaa kosddunueHT B 0-» 0 nepexogax, MOXKHO OLEHHTB Maccy
my,,» B lamoB-TennepoBCKMX MNepexojax -~ napaMeTph {un &,
a B Iepexomax cMemaHHoro Ttuna - tdopmbaktop Fg.

Pa6oTa BomoniHeHa B JlaBopaTopuu sfepHex npoGnem OUSH.

INpenpunr O6benMHeHHOro HHCTMTYTA AJlePHbIX ucciienoBannit. JyGua 1988

Kathat C.L. E6-88-121
Meson Exchange Second Class Currents
and the Neutrino Mass in the Muon Capture

by Light Nuclei

Influence of the Kubodera—-Delorme—-Rho model parameters
(¢ and &), the scalar form factor (Fy ) and the muonic neu-
trino rest mass (my, ) on the asymmetry coefficient(agy)
of neutrino emission with respect to the muon spin orien
tation in the muon capture by light nuclei is analyzed.
It is shown that the mass m,_ , the parameters { and ¢,
and the form factor F; may be estimated by studying the
coefficient a,, in O0- 0, Gamov-Teller, and mixed transi-
tions, respectively.
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