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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 τ−(τ+) leptons produced
in CC reactions induced by ντ and ν̄τ on nucle-
ons and nuclear targets is an important input
in the analysis of neutrino oscillation exper-
iments in the νµ(ν̄µ) −→ ντ (ν̄τ ) 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 ντ −N scattering is
also important. These mass terms are almost
negligible in the case of νe−N and νµ−N scat-
tering in the few GeV energy region. In this
paper, we study the role of the lepton mass
term in the ντ−N interactions relevent for the
analysis of neutrino oscillation experiments in
the νµ(ν̄µ) −→ ντ (ν̄τ ) appearence channel.
The general reaction for these processes is

given as

νl(k) +N(p) −→ l−(k′) +X(p′), (1)

where X represents the final state particles of
the above said processes i.e. X = N(CCQE),
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X = N + π(CC1π) 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 CC1π is given by

dσ =
(2π)4δ4(k + p− k′ − p′)

4
√

(k.p)2 −m2
νM

2
N

d3k′

(2π)32El

×

N
∏

j=1

d3p′

j

(2π)32Ej

∑∑

|M|2. (2)

El and Ej represent the energies of the outgo-
ing lepton and the final state particles respec-
tively and mν and MN represent the masses
of the neutrino and the nucleon respectively.
The invariant matrix element squared is given
by

∑∑

|M|2 =
G2

F

2
cos2 θc LµνJ

µν , (3)

where GF is the Fermi coupling constant and
θc is the Cabibbo mixing angle. The leptonic
tensor is given by

Lµν = 8[kµk
′
ν+k

′
µkν−gµνk.k

′+iǫµναβk
′αkβ]

(4)
and the hadronic tensor is given as

J µν =
1

2

∑

spin

Jµ†Jν . (5)

The most general expression of the hadronic
current Jµ for the CCQE process neglecting
the second class currents has the following
form:

Jµ = ū(p′)

[

FV
1 (Q2)γµ + FV

2 (Q2)iσµν qν
2MN

+ FA(Q
2)γµγ5 + FP (Q

2)
qµ

MN

γ5
]

u(p). (6)
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Q2(= −q2) ≥ 0 is the four momentum trans-
fer square. FV

1,2(Q
2) are the isovector vector

form factors and FA(Q
2), FP (Q

2) are the axial
and pseudoscalar form factors, respectively.
For CC1π process along with the spin

3/2+(−) resonances like P33(1232), D13(1520)
and P13(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]

J
3
2
µ = ψ̄ν(p′)Γ

3
2
+(−)

νµ u(p), (7)

where ψµ(p) is the Rarita-Schwinger spinor
for spin three-half particle and for the posi-

tive and negative parity states Γ
3
2
+(−)

νµ has the
following form

Γ
3
2
+

νµ =
[

V
3
2
νµ −A

3
2
νµ

]

γ5,

Γ
3
2
−

νµ = V
3
2
νµ −A

3
2
νµ. (8)

The vector and the axial-vector part of the
current are given by
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A
3
2
νµ = −

[

C̃A
3

M
(gµν 6 q − qνγµ) +

C̃A
6

M2
qνqµ

+
C̃A

4

M2
(gµνq · p

′

− qνp
′

µ) + C̃
A
5 gµν

]

γ5. (10)

The vector and axial-vector form factors (C̃V
i

and C̃A
i ) are discussed in detail in Ref. [5]

and the expression for the hadronic current
contributing to spin 1/2+(−) resonances and
NRB terms are given in Ref. [5].
The expression for the double differential

scattering cross section for CCDIS is given
by [6]
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(11)

where mW is the mass of the W boson and
Ωl, El refer to the outgoing lepton and the ex-
pression for the hadronic tensor Wµν is given
by

Wµν = −
1

MN

[

gµνF1(x,Q
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p.q
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(12)

where x is the Bjorken scaling variable defined

as x = Q2

2p.q .

The structure function F1,4,5(x,Q
2) are re-

lated to F2(x,Q
2) by the Callan-Gross and

the Albright-Jarlskog relations. The struc-
ture function F2(x,Q

2) and F3(x,Q
2) are de-

termined in terms of the parton distribution
functions (PDF) as discussed in Ref. [6]. For
the NLO evolution of the structure functions
Fi(x,Q

2) 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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