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Introduction

The future experiments like SHiP, DsTau and DUNE are proposed to study the properties and the production cross sections of the 7 lepton and its corresponding neutrino () both theoretically as well as
experimentally. Recently we have performed [1, 2, 3] a theoretical study of the production cross section as well as the polarization observables of the 7 lepton and the final nucleon/hyperon produced in the
quasielastic v () — IN scattering in the few GeV energy region. The 7 lepton produced in v — IN scattering decays to leptons and pions through the leptonic and hadronic decay modes. In this energy
region, the production cross section of 7, its decay and the characteristics of the decay products depend significantly on the 7 polarization. The production cross section and polarization of 7 lepton are
calculated using various weak nucleon form factors which are determined using various symmetry properties of the weak currents in the vector and the axial vector sectors, assuming G and T invariances.
We have studied the effect of G and T violating terms in the transition matrix element on the cross sections and the T polarization in quasielastic v () — IN scattering induced by strangeness conserving
AS = 0 and strangeness changing AS = 1 weak currents. In the case of AS = 1 reactions, we have also studied SU(3) symmetry breaking effects.

Quasielastic production of nucleons and hyperons SU(3) symmetry breaking effects Polarization of the final lepton

The v () induced quasielastic production on the free nucleon target are The SU(3) symmetry breaking effects are incorpo- If one assumes the final lepton to be polarized, then the polarization
given by the reactions rated following the works of Faessler et al. [4] and 4-vector (C7) is written as
Schlumpf [56]. The main features of these models
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The transition matrix element is given by metry breaking effects on f>(Q~) and g,(Q~) and the spin density matrix for the final lepton p ¢(k’) is given by
o form factors. f;(Q?) recieves no contribution
M="Eaqi1t7g,, at the leading order because of the Ademollo- pr(k") = TP TAK)va(1 £ v5)A(k)75(1 £ 75) A (K],
V2 Gatto theorem and g5(Q?) recieves the SU(3)

T T =
where a = cos. (sin.) for AS = 0 (1) processes. breaking effects via g1 (Q?): with 5 = Y94 and 75 = 4942+, The polarization vector ¢ can
The leptonic (I*) and the hadronic (J,) currents are defined as 3 D1 be rewritten as . N ) N

/ . FPA0) = —\/:<F—|———|——(H1—2H2 ¢ =Crér +Cpép + Crér,
M = ﬂ(k )’7“’(1 - '75)u(k), — (—I—) Is for v (177-) 2 3 9 Al Al Al . .
Y 5 — 3H3 — 6H)y)) where é, €7 and é7, are the unit vectors corresponding to the
J, = a(p’) 'Y,ufl(Qz) + io 1 f2(Q%) | L f3(Q?) B ? 14 ’ perpendicular, longitudinal and transverse directions along the mo-
M;L My M + My F"* (0) = D — F — —(H; + H3). mentum of the final lepton and are given as
2 . q 2 2475 2 3 # L
— Yu591(Q°) — STy y: g2(Q°) — M+ M g3(Q%) | u(p). " Schlumpf [5] has studied SU(3) symmetry y ko b k!
Y Y breaking in the hadronic current containing €L = Wa €Ep =€ Xép, €= |E E,la
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f1,2(Q?) are determined in terms of the electromagnetic form factors axial f 1_(Q )an_d _ax_lal vector g (Q~) form fa"f' _ , .
while f3(Q2) — 0 due to CVC and G invariance. tors using relativistic quark model. The modi- with CL,P,T(Q ) =¢- eL.p.1-

fied f1(Q?) and g1 (Q?) form factors are given
by

f1(Q%) = af1(Q?,  g1(Q% = Ba1(Q?).

The longitudinal P} (Q?), perpendicular PL(Q?) and transverse

The axial vector and the weak electric form factors gl,z(Q2) are deter-
P:lr(Qz) components of the polarization vector are obtained as:

mined in terms of g A,Z(Qz), which are parameterized in the dipole form
as

o272 L 2y mrANQ*)k.E’ + BYQ?)|K)?
g:(Q%) = g;(0) 1_|_Q_ . i — A.2 PL(Q)ZE T ,
1 ) N2 ’ ’ - - kK’ N(Q~) |k’]
_ i Polarization components of the AUQD[|RIZE? — (R.RN2)
with g 4(0) = 1.267, g2(0) = g1(0) (g€*(0)) shows the presence of sec- final lepton PL(Q%) = - ;
g217) = 9317) \93 P N(Q2?) |k’| |k x k|
ond class currents with(without) T-invariance, and M 4 = M, = 1.026 1o NN AP
GeV. For g3(Q?), the parameterization given by Nambu is used, i.e. P}(QZ) _ C'(Q*)M|[(k.E")* — |k|“|k"| ].
N(Q?) |k x k|
2\ (M+MY)2 2
93(Q%) = 2(m%{ n Qz)g1(Q )- The expressions of A'(Q?), B'(Q?), C'(Q?) are given in Refs. [3].
The Q? distribution is written as The real value of g»(0) gives G violation keeping T conserved. The

do transverse component of polarization, which arises due to the in-

terference terms of the first and the second class current, vanishes
when g2(0) is taken to be purely real. The imaginary value of g2 (0)
gives G violation as well as T violation.

where the expression of N (Q?) is given in Ref. [3].

o, Pr(Ev.) and Pp(E,_) versus E,_for the
process v-+n—r—+pwhen r—is
polarized. The results are shown for the
different values of 4*(0) = 0, 1.

oy Pr(E; ) and Pp(E; ) versus E;_for the
process v-+p— 7 +nwhen T IS

polarized. The results are shown for the

different values of 4*(0) = 0,+1.

oy Pr(E; ) and Pp(E; ) versus g;_for the
process »- +p — 7+ A. The calculations
have been performed with SU(3) symmetry,
and its breaking effects parameterized by
Faessler et al. [4] and Schlumpf [5].
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