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SHiP is a new facility proposed at the
CERN SPS accelerator which can be used to
study the cross section and the angular dis-
tribution of leptons produced in the charged
current (CC) induced reactions with tau neu-
trinos and antineutrinos [1]. The knowledge of
the cross sections, angular distributions and
the polarization of 7~ (77) leptons produced
in CC reactions induced by v, and 7, on nucle-
ons and nuclear targets is an important input
in the analysis of neutrino oscillation exper-
iments in the v,(7,) — v,(P;) appearence
channel with the atmospheric [2] as well as
the accelerator neutrinos [3]. In the energy re-
gion of the neutrinos relevant for these exper-
iments, the Quasielastic (QE), Inelastic (IE)
and Deep Inelastic Scattering (DIS) processes
make important contributions. At present
there is considerable uncertainty in the theo-
retical calculations of these processes induced
by the tau neutrinos which can be as large as
30 —40%, coming mainly from the IE and DIS
processes [4]. In addition to the uncertainty
related with the IE transition form factors and
DIS structure functions, the role of the lepton
mass terms in the case of v — N scattering is
also important. These mass terms are almost
negligible in the case of v.— N and v, — N scat-
tering in the few GeV energy region. In this
paper, we study the role of the lepton mass
term in the v — N interactions relevent for the
analysis of neutrino oscillation experiments in
the v, (7,) — v;(P-) appearence channel.

The general reaction for these processes is

given as
v(k) +N(p) — () + X)), (1)

where X represents the final state particles of
the above said processes i.e. X = N(CCQE),
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X = N 4+ 7(CClm) and X = jet of hadrons
(CCDIS) and the quantities in the brackets
represent the four momentum of the corre-
sponding particles.

The general expression for the differential
cross section for CCQE and CClr is given by

do — (2#)454(k +p—K —p) &K
(k p)2 — ml%MJQV (27T)32El
N /

I S SITRRC

E; and Ej represent the energies of the outgo-
ing lepton and the final state particles respec-
tively and m, and My represent the masses
of the neutrino and the nucleon respectively.
The invariant matrix element squared is given

by

ZZ IM|> = =L cos? 0. L, T, (3)
where G is the Fermi coupling constant and
0. is the Cabibbo mixing angle. The leptonic
tensor is given by

Ly = 8[kyk),+K, ky— gk k' +i€uaph’ k]
(4)

and the hadronic tensor is given as

= % > g (5)

spin

The most general expression of the hadronic
current J* for the CCQE process neglecting
the second class currents has the following
form:
T = a(p) {FY (@) + FY (Q)ioh S
2Mpy
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Q?*(= —¢*) > 0 is the four momentum trans-
fer square. F,(Q?) are the isovector vector
form factors and Fa(Q?), Fp(Q?) are the axial
and pseudoscalar form factors, respectively.
For CClw process along with the spin
3/27(=) resonances like Ps3(1232), D;3(1520)
and Py3(1720), we have also considered con-
tributions from spin 1/ 2+(=) resonances like
P11(1440), S11(1535) and S11(1650) as well
as from the nonresonant background (NRB)
terms. The hadronic current for the excita-
tion of spin 3/2%(~) resonances is given by [5]

% 0 %+(—)
Ji =v (), ulp), (7)
where ¢*(p) is the Rarita-Schwinger spinor
for spin three-half particle and for the posi-

3+(-)
tive and negative parity states I'Z,  has the

following form

3t 3 3
Fju = |:VV3L - Ajuj| V5,
3= 3 3
Fl%p - Vl/zp - Al%u (8)

The vector and the axial-vector part of the
current are given by

g _ [C8 o't
Vil = W(g*‘” A4 = @) + g Co
ey ,
+ 173 (Gua 0 — )
CVV
+ VZ(gwq p- qupu)] ; 9)
3 ca cg
Ah = -S4 -0+ T
éf / / ~NA
+ 320w P = avpp) + C5 g | 75 (10)

The vector and axial-vector form factors (C)
and C#) are discussed in detail in Ref. [5]
and the expression for the hadronic current
contributing to spin 1/21() resonances and
NRB terms are given in Ref. [5].

The expression for the double differential
scattering cross section for CCDIS is given

by [6]
d20 o GF2 M (
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(11)

where my is the mass of the W boson and
Q, E; refer to the outgoing lepton and the ex-
pression for the hadronic tensor W, is given
by

1 PuPv
W, = —— |guF 2y 4 BBV o 2
I M |:g,u 1(xaQ )+ D.q Q(va )
]
e v
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—F5(2,Q } 12
o F (. Q) (12)
where x is the Bjorken scaling variable defined
2
as x = 2

2p.q°

The structure function Fy 4 5(x, Q?) are re-
lated to Fh(x,Q?) by the Callan-Gross and
the Albright-Jarlskog relations. The struc-
ture function Fy(z, Q%) and F3(z, Q%) are de-
termined in terms of the parton distribution
functions (PDF) as discussed in Ref. [6]. For
the NLO evolution of the structure functions
F;(z,Q?) including the charm production and
the target mass correction, we have followed
the formalism of Ref. [7]. In the present work
we have used the CTEQ6 parameterization of
the PDFs.

We shall present the results of the differen-
tial and the total scattering cross sections for
the processes discussed above. These results
may be important for the future experiments
like DUNE, Hyper-K, SHiP, etc.
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