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Weak Quasielastic Hyperon
Production Leading to Pions in the
Antineutrino-Nucleus Reactions
Atika Fatima, Mohammad Sajjad Athar* and S. K. Singh

Department of Physics, Aligarh Muslim University, Aligarh, India

In this review, we have studied the quasielastic production cross sections and polarization

components of 3, 60, and 6− hyperons induced by the weak charged currents in

the antineutrino reactions on the nucleon and the nuclear targets like 12C, 16O, 40Ar

and 208Pb. It is shown that the energy and the Q2 dependence of the cross sections

and the various polarization components can be effectively used to determine the axial

vector transition form factors in the strangeness sector and test the validity of various

symmetry properties of the weak hadronic currents like G-invariance, T-invariance and

SU(3) symmetry. In particular, the energy and the Q2 dependence of the polarization

components of the hyperons is found to be sensitive enough to determine the presence of

the second class current with or without T-invariance. These hyperons decay dominantly

into pions giving an additional contribution to the weak pion production induced by the

antineutrinos. This contribution is shown to be quantitatively significant as compared to

the pion production by the 1 excitation in the nuclear targets in the sub-GeV energy

region relevant for the ν̄µ cross section measurements in the oscillation experiments.

We have also included a few new results, based on our earlier works, which are in the

kinematic region of the present and future (anti)neutrino experiments being done with

the accelerator (anti)neutrinos at T2K, MicroBooNE, MiniBooNE, NOνA, MINERνA, and

DUNE, as well as for the atmospheric (anti)neutrino experiments in this energy region.

Keywords: weak pion production, delta production, hyperon polarization, final state interaction, second class

current

1. INTRODUCTION

A simultaneous knowledge of the neutrino and antineutrino cross sections in the same energy
region for the nuclear targets is highly desirable in order to understand the systematics relevant
for the analyses of various neutrino oscillation experiments being done in search of CP violation in
the leptonic sector and in the determination of neutrinomass hierarchy [1–7]. Experimentally there
aremany results available in the cross sectionmeasurements for the various weak processes induced
by the neutrinos in nuclei in the sub-GeV and few-GeV energy region [8–11]. There are very few
measurements reported for the processes induced by the antineutrinos in the same energy region
specially around Eν̄µ ≈ 1 GeV [8, 12]. Theoretically, however, there exists quite a few calculations
for the antineutrino-nucleus cross sections and some of them have been incorporated in most
of the neutrino event generators like GENIE [13], NEUT [14], NuWro [15] and GiBUU [16].
In this energy region of antineutrinos, Eν̄µ ≈ 0.5 − 1.2 GeV, the most important processes
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transverse component of polarization can be used to study the
physics of T-violation. In Figure 6, we have made an attempt
to explore the possibility of determining the pseudoscalar form
factor gNY3 (Q2) in |1S| = 1 sector and studied the sensitivity
of the Q2-dependence on the polarization components PL(Q

2),
PP(Q

2) and PT(Q
2) using the expression of Nambu [88] in

Equation (23) for the process ν̄µp → µ+3 at Eν̄µ=0.4 and

0.7 GeV. We see that at Eν̄µ = 0.4 GeV, PL(Q
2), PP(Q

2) and

PT(Q
2) are sensitive to gNY3 (Q2), but with the increase in energy

the results obtained with and without gNY3 (Q2) are almost the
same. It seems, therefore, possible in principle, to determine the
pseudoscalar form factor in the 3 polarization measurements

at lower antineutrino energies. The total cross section σ and
the differential cross section dσ/dQ2 are not found to be very
sensitive to the values of gNY3 (Q2) and are not shown here [80].

For the reaction ν̄µ + p → µ+ +3, we have also studied the
dependence of the polarization components on the second class

currents with T-invariance and showed the results for PL(Q
2)

and PP(Q
2) as a function of Q2 in Figure 7. These results are

presented for the polarization components using the second class
current form factor in the presence of T invariance i.e., using the
real values of g

np
2 (0) = gR2 (0) = 0, ±1 and ±3 and M2 = MA in

Equation (22) at the different values of Eν̄µ = 0.4 and 0.7 GeV.

We find that PL(Q
2) shows large variations as we change |gR2 (0)|

FIGURE 10 | dσ/dQ2 vs. Q2 for the 1 production cross sections at the different antineutrino energies viz. Eνµ = 0.5 GeV (left), 0.75 GeV (middle), and 1

GeV (right). Lines and points have the same meaning as in Figure 9.

FIGURE 11 | σ vs. Eν̄µ for the 10 production cross sections without (solid line) and with (dashed line) NME for the various nuclear targets. Ratio, σY /σ10 vs. Eν̄µ
without (dash-dotted line) and with (dash-double-dotted) NME for the various nuclear targets are presented in the inset.
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from 0 to 3 at high antineutrino energies, Eν̄µ (say 0.7 GeV) in
comparison to the lower energies (say 0.4 GeV). For example, in
the peak region of Q2, the difference is 80% at Eνµ = 0.7 GeV and

it is 20% at Eνµ = 0.4 GeV as gR2 (0) is changed from 0 to 3. In the

case of PP(Q
2) also, theQ2 dependence is quite strong and similar

to PL(Q
2).

In Figure 8, the results are presented for PL(Q
2), PP(Q

2) and
PT(Q

2) as a function of Q2 in the presence of the second class
current without T-invariance, using the imaginary values of the
induced tensor form factor i.e., g

np
2 (0) = i gI2(0), where (0) =

0, 1 and 3, at the different values of Eν̄µ = 0.4 and 0.7 GeV.

We see that while PL(Q
2) is less sensitive to gI2(0) at Eν̄µ in the

range 0.4 − 0.7 GeV. PP(Q
2) is almost insensitive to gI2(0) at the

lower Eν̄µ , say at Eν̄µ = 0.4 GeV. However, at higher antineutrino

energies, say at Eν̄µ = 0.7 GeV, PP(Q
2) is sensitive to gI2(0).

Moreover, PT(Q
2) is sensitive to gI2(0) at all antineutrino energies.

PT(Q
2) shows 8% and 25% variations at Q2 = 0.08, and 0.25

GeV2 at Eν̄µ = 0.4 and 0.7 GeV, respectively, when gI2(0) is varied
from 0 to 3.

5.1.2. 1 Production
The results for the 1 production cross sections are presented in
Figure 9 for νµ and ν̄µ induced processes off the free nucleon
target. For νµ induced reaction, the leptonic current in Equation
(5) will read as lµ = ū(k′)γµ(1 − γ5)u(k). In the case of 1
production, the cross sections are inhibited by the threshold effect
at lower energies, and there is almost no cross section until Eν̄µ
= 0.4 GeV. In Figure 10, the results for dσ/dQ2 are presented for
the 1s produced in the final state at the different (anti)neutrino
energies viz. Eνµ ,ν̄µ = 0.5, 0.75 and 1 GeV. The total cross section

and its energy dependence as well as the Q2 dependence have
been discussed elsewhere in literature [24, 26, 50, 67, 92].

FIGURE 12 | Results for the charged current π− production in 12C with and

without NME+FSI. The results are presented for the pion production from the

1, 3, and total hyperon Y (= 3+6) with and without NME+FSI. Notice that

the results of 1 without NME+FSI are suppressed by a factor of 6 and the

results with NME+FSI are suppressed by a factor of 3 to bring them on the

same scale.

5.2. Hyperon and Delta Production From
Nuclei
In Figure 11, we have presented the results for σ vs Eν̄µ , for the

10 produced off the proton bound in various nuclear targets
like 12C, 16O, 40Ar and 208Pb with and without the NMEs. It
may be noticed that the NMEs due to the modification of the
1 properties in nuclei reduce the cross section. In the case of
lighter nuclei like 12C and 16O, this reduction is about ∼ 35%
at Eν̄µ=1 GeV. The reduction in the cross section increases with
the increase in the nuclear mass number and decreases with
the increase in energy. For example, it becomes ∼ 40% and
50% in 40Ar and 208Pb, respectively at Eν̄µ = 1 GeV. We
find that the NMEs due to Pauli blocking and Fermi motion
effects, in the case of hyperons in the final state, are negligibly
small and therefore we have not discussed these effects and the
results of the cross sections are almost the same as for the free
hyperon case (Figure 3). Moreover, when the hyperon-nucleon
interaction i.e., the FSI effect in the hyperon production, is taken
into account the overall change in the hyperon production cross
section is very small. These results are used to obtain the ratio

FIGURE 13 | Results for π− production in 16O. Lines and points have the

same meaning as in Figure 12.

FIGURE 14 | Results for π− production in 40Ar. Lines and points have the

same meaning as in Figure 12.
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of total hyperon to 1 production cross sections i.e., σY
σ1

which
have been shown in the inset of these figures. It may be noticed
that due to the threshold effect initially the hyperon production
cross section dominates and with the increase in energy the ratio
reduces. Due to the substantial reduction in the cross section
for the 1 production, the ratio increases when NME is taken
into account in comparison to the free case. Moreover, this ratio
is larger in heavy nuclei like 208Pb as NME increases with the
nucleon number.

5.3. Pion Production
In this section the results are presented for the π− and πo

productions respectively in the nuclei like 12C, 16O, 40Ar and
208Pb. We give a preview of our main results for π− and πo

productions before they are presented in detail in Figures 12–
15 and Figures 16–19, for each case. These results are shown

FIGURE 15 | Results for π− production in 208Pb. Lines and points have the

same meaning as in Figure 12. Notice that the results of 1 without NME+FSI

are suppressed by a factor of 8 and the results with NME+FSI are suppressed

by a factor of 2 to bring them on the same scale.

FIGURE 16 | Results for the charged current πo production in 12C with and

without NME+FSI. The results are presented for the pion production from 1,

3, and total hyperon Y = 3+6 with and without NME+FSI. Notice that the

results of 1 without NME+FSI are suppressed by a factor of 3 and the results

with NME+FSI are suppressed by a factor of 2.

for the cross sections obtained without and with NME+FSI effect
for the pion production arising due to the 3 production, total
hyperon(Y) production and the 1 production. In the case of
hyperon production, NMEs in the production process as well
as the FSI due to hyperon-nucleon interactions have been taken
into account. Moreover, we do not include the FSI of pions
within the nuclear medium which are produced as a result of
hyperon decays. This is because the decay width of pionic decay
modes of hyperons is highly suppressed in the nuclear medium.
Due to which these hyperons live long enough to pass through
the nucleus and decay outside the nuclear medium. Thus, the
produced pions are less affected by the strong interaction of
nuclear field. This is not the case with the pion produced
through strong decays of 1, as they are further suppressed by
the strong absorption of pions in the nuclear medium. Therefore,
in the low energy region the Cabibbo suppression in the case
of pion production through hyperons get compensated by the

FIGURE 17 | Results for πo production in 16O. Lines and points have the

same meaning as in Figure 16. Notice that the results of 1 without NME+FSI

are suppressed by a factor of 3 and the results with NME+FSI are suppressed

by a factor of 1.5.

FIGURE 18 | Results for πo production in 40Ar. Lines and points have the

same meaning as in Figure 16. Notice that the results of 1 without NME+FSI

are suppressed by a factor of 3.
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threshold suppression as well as by the strong pion absorption
effects in the case of the pions produced through the Delta
excitation. On the other hand, FSI due to 6 − N and 3 −
N interactions in various channels tend to increase the 3
production cross section and decrease the 6− production cross
section, which is mainly a threshold effect. The quantitative
increase (decrease) in 3(6) yield due to FSI increases with the
increase in the nucleon number. The interaction of hyperons
with the nucleons bound inside the nucleus, separately affect6−

and 60 productions and the relation σ
(

ν̄µ + p → µ+ +60
)

=
1
2σ
(

ν̄µ + n → µ+ +6−) which holds for the free case, does
not hold for the case of nuclear targets. We must point out
that although 6+ is not produced from a free nucleon but can
be produced through the final state interactions like 3p →
6+n and 60p → 6+n, albeit the contributions would
be small.

Using the results of σ , we have obtained the results for the ratio
of hyperon to Delta production cross sections, with and without
NME+FSI, for π− as well as πo productions for all the nuclear
targets considered here by defining

RN = σ (Y → Nπ)

σ (1→ Nπ)

∣

∣

∣

∣

without NME+FSI effects

(65)

and

RA = σ (Y → Nπ)

σ (1→ Nπ)

∣

∣

∣

∣

with NME+FSI effects

. (66)

This ratio directly tells us the enhancement of the ratio RA
due to NME+FSI with the increase in the mass number of the
nuclear targets as the pions getting produced through the 1-
resonant channel undergo a suppression due to NME+FSI effect,
while the pions getting produced from the hyperons (all the
interactions taken together i.e., 3 as well as 6 contributions)
have comparatively small NME+FSI effect.

In Figures 12, 13, we have presented the results for the total
scattering cross section σ vs Eν̄µ , for ν̄µ scattering off the nucleon

FIGURE 19 | Results for πo production in 208Pb. Lines and points have the

same meaning as in Figure 16. Notice that the results of 1 without NME+FSI

are suppressed by a factor of 3.

in 12C and 16O nuclear targets giving rise to π−. The results
are presented for the pion production from 1, 3 and Y with
and without NME and FSI. In the case of hyperon production
for 12C, the effect of FSI due to Y − N interaction increases
the 3 production cross section from the free case by about
23 − 24% for Eν̄µ = 0.6 − 1 GeV, while the change in the
total hyperon production cross section results in a decrease in
the cross section due to the FSI effect which is about 3 − 5%
at these energies. We find that in the case of pions produced
through 1 excitations, NME+FSI lead to a reduction of around
50% in the π− production for the antineutrino energies 0.6
< Eν̄µ < 1GeV. This results in the change in the ratio of
RN (Equation 65) from 0.28 and 0.14 respectively at Eν̄µ=0.6
and 1GeV to RA (Equation 66) → 0.58 and 0.25 at these
energies. In the case of 16O nuclear target the observations are
similar to what has been discussed above in the case of 12C
nuclear target.

In Figure 14, we have presented the results for σ vs Eν̄µ , for

ν̄µ scattering off 40Ar nuclear target. In the case of3 production,
the effect of FSI leads to an increase in the cross section by
about 34 − 38% for Eν̄µ = 0.6 − 1 GeV, however, the overall
change in the π− production from the hyperons results in a
net reduction in the cross section from the free case, which is
about 6 − 8% at these energies. In the case of pions produced
through 1 excitations, NME+FSI leads to a reduction of around
55 − 60% in the π− production for the antineutrino energies
0.6 ≤ Eν̄µ ≤ 1 GeV, and the reduction is less at higher energies.
This results in the change in the ratio of RN from 0.25 and 0.13
respectively at Eν̄µ = 0.6 and 1 GeV to RA, 0.6 and 0.26 at the
corresponding energies.

In the case of heavy nuclear target like 208Pb, the change
in the cross section due to NME+FSI is quite large and the
results for σ vs Eν̄µ , for ν̄µ scattering off the nucleon in
208Pb nuclear target are shown in Figure 15. For example, the
reduction in the cross section due to NME+FSI when a 1
is produced as the resonant state, is about 75% at Eν̄µ =
0.6 GeV and 70% at Eν̄µ = 1 GeV from the cross sections
calculated without the medium effect. The enhancement in
the 3 production cross section is about 55 − 60% at these
energies. While the overall change in the π− production from
the hyperons results in a net reduction which is about 8 − 12%.
This results in the change in the ratio of RN from 0.23 and
0.12 respectively at Eν̄µ = 0.6 and 1 GeV to RA → 0.86 and
0.35, respectively.

In Figures 16–19, we have presented the results for the total
scattering cross section σ vs Eν̄µ , for ν̄µ scattering off nucleon

in 12C, 16O, 40Ar and 208Pb nuclear targets giving rise to πo.
These results are presented for the pion production from 1, 3
and Y with and without NME+FSI. In the case of πo arising
due to hyperon decay, the contribution comes from the 3 and
60 decay, while there is no contribution from 6−. Due to
the FSI effect there is substantial increase in the 3 production
cross section and reduction in the 60 production cross section
from the free case, which leads to an overall increase in the πo

production. Therefore, unlike the π− production where there is
overall reduction, in the case ofπo production there is an increase
in the cross section which is about 13 − 14% in 12C and 16O,
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22−23% in 40Ar and 26−38% in 208Pb for Eν̄µ = 0.6 to 1GeV. The
different Clebsch-Gordan coefficients for1 (in Equations 51–54)
and the branching ratios for the hyperons (in Equations 48–50)
give a different ratios of RN and RA. This results in the change
in the ratio of RN from 0.58 and 0.26 respectively at Eν̄µ = 0.6

and 1 GeV to RA → 1.3 and 0.5 in 12C and 16O, from 0.55
and 0.25 respectively at Eν̄µ = 0.6 and 1 GeV to 1.68 and 0.66

in 40Ar, and from 0.56 and 0.26 respectively at Eν̄µ = 0.6 and 1

GeV to 3 and 1.2 in 208Pb. Thus, in the case of πo production,
there is significant increase in Y → Nπ to 1 → Nπ ratio when
NME+FSI are taken into account specially in the case of heavier
nuclear targets.

In Figure 20, we have presented the results for the νµ induced
π+ and πo productions and ν̄µ induced π− and πo productions.
For νµ induced reactions, the leptonic current in Equation (5)
will read as lµ = ū(k′)γ µ(1−γ5)u(k) and the expression of ρN(r)
in Equation (62) will become ρN(r) = ρp(r) + 1

9ρn(r). These
results are shown for 12C, 16O, 40Ar and 208Pb with NME+FSI.
For νµ scattering, the contribution to the pions is coming from
1 only, while for ν̄µ scattering the contribution to the pions is
coming from the 1 as well the hyperons. Though in the case
of the pions produced through the hyperon production, there
is an overall suppression by a factor of sin2θc but these are
kinematically favored as the 3 production starts around Eν̄µ =

FIGURE 20 | Results for the νµ induced π+ and πo production cross sections and ν̄µ induced π− and πo production cross sections. For νµ scattering the

contribution to the pions is coming from the 1 only, while for ν̄µ scattering the contribution to the pions is coming from the 1 as well as the hyperons. The results are

presented for 12C, 16O, 40Ar, and 208Pb with NME+FSI. Notice that π+ production cross section has been reduced by half to bring it on the same scale.

FIGURE 21 | dσ
dQ2 vs Q2 at Eν̄µ = 0.5 GeV (left), 0.75 GeV (middle), and 1 GeV (right) for the ν̄µ induced process in 12C nuclear target with NME+FSI. The results

are shown for the π− contribution from the 1 (solid line) and from the hyperons (dashed line).
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250 MeV, while 6− and 60 production start around Eν̄µ = 325
MeV, and there is overall no NME effect on the total hyperon
production and no FSI effect on the outgoing pions, whereas the
reduction is quite significant for the pions arising from the1s.

In Figures 21–24, we have presented the results for the Q2

distribution i.e., dσ
dQ2 vs Q2 in 12C, 16O, 40Ar and 208Pb nuclear

targets with NME+FSI at the different incident antineutrino
energies viz. Eν̄µ = 0.5 GeV, 0.75 GeV and 1 GeV. These results
are presented for the π− contribution from the 1s and the
hyperons. It may be observed that at low Eν̄µ , π

− has significant

contribution from the hyperons, like at Eν̄µ = 0.5 GeV, in the

peak region of Q2, hyperons contribute ∼40% in 12C, 16O and
40Ar and 50% in 208Pb of the total π− production, while with the
increase in energy the contribution from the hyperons decreases,
for example, at Eν̄µ = 1 GeV hyperons contribute 16% in 12C,
16O and 40Ar and 24% in 208Pb. The peak region of Q2 for
the hyperons shifts toward the lower Q2 than the 1s. In the
case of πo(not shown here), the results are similar except that
the contributions from the hyperons dominate at lower energies
in all the nuclear targets in comparison to the 1 contributions

FIGURE 22 | dσ
dQ2 vs. Q2 at Eν̄µ = 0.5 GeV (left), 0.75GeV (middle), and 1GeV (right) in 16O. Lines and points have the same meaning as in Figure 21.

FIGURE 23 | dσ
dQ2 vs Q2 at Eν̄µ = 0.5 GeV (left), 0.75GeV (middle), and 1GeV (right) in 40Ar. Lines and points have the same meaning as in Figure 21.

FIGURE 24 | dσ
dQ2 vs Q2 at Eν̄µ = 0.5 GeV (left), 0.75GeV (middle), and 1GeV (right) in 208Pb. Lines and points have the same meaning as in Figure 21.
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and the dominance increases with the increase in the nuclear
mass number.

6. SUMMARY AND CONCLUSIONS

In this work, we have presented a review of the theoretical
and experimental work done on the quasielatic production
of hyperons induced by antineutrinos which was started
more than 50 years ago soon after the V − A theory of
weak interactions was extended to the strangeness sector by
Cabibbo [41] using SU(3) symmetry properties of the weak
hadronic currents. The experimental results on the total cross
sections and their Q2 dependence available from the older
experiments at CERN [59–61], FNAL[63, 64], SKAT [65] and
BNL [62] and the results on Lambda hyperon polarizations
from CERN [61] are compared with the most recent theoretical
results [79, 80].

In view of the future experiments proposed with the
antineutrinos at the accelerator and atmospheric antineutrino
experiments in the medium energy region of few GeV on
the nuclear targets like 12C, 16O, 40Ar and 208Pb. We
have also presented a summary of the recent theoretical
works on the total cross sections, polarization components
and their Q2 dependence corresponding to many energies
relevant for these experiments. These results may be useful
in determining the axial vector transition form factor in
the strangeness sector specially for the pseudoscalar form
factor and the form factor corresponding to the second
class currents with and without T-invariance and test
the validity of various symmetry properties of the weak
hadronic currents. We have also studied the contribution of
hyperons produced in these reactions toward the ν̄ induced
pion production cross sections in the neutrino oscillation
experiments being done at T2K, MINERνA, DUNE, SUPER-K
and HYPER-K.

We summarize our results in the following:

(A) In the case of the nucleon targets:

(i) The hyperon production is generally Cabibbo
suppressed as compared to the 1 production but
in the low energy region of Eν̄µ < 0.6 GeV it
could be comparable to the 1 production due to
the threshold effects.

(ii) (a) TheQ2 distributions are sensitive to the pseudoscalar
form factor at lower antineutrino energies.

(b) The longitudinal PL(Q
2) as well as the perpendicular

PP(Q
2) components of the hyperon polarization are

sensitive to the pseudoscalar form factor g3(Q
2)

specially at lower energies.
(iii) In the presence of the second class currents

with T-invariance:

(a) The Q2 distribution is not much sensitive to the
presence of the second class current until its coupling
strength gR2 (0) becomes large i.e., |gR2 (0)| > 1.

(b) The longitudinal component of the polarization
PL(Q

2) is positive at lower antineutrino energies and

becomes negative at higher energies for the values of
gR2 (0) taken to be positive and large i.e., gR2 (0) > 1.

(c) The perpendicular component of the polarization
PP(Q

2) is negative for all the values of gR2 (0) taken
to be positive or negative in the energy range of the
present interest.

(iv) In the presence of the second class currents without
T-invariance:

(a) TheQ2 distribution is not much sensitive to the second
class current unless gI2(0) > 1.

(b) The transverse component of the polarization PT(Q
2)

is nonvanishing and it increases with gI2(0). It changes
sign when the sign of gI2(0) is reversed and the
absolute value of PT(Q

2) increases with the increase in
the energy.

(c) The longitudinal(PL(Q
2)) and the perpendicular

(PP(Q
2)) components of the polarization are not very

sensitive to the choice of gI2(0).

(B) In the case of the nuclear targets:

(i) The effect of NME and FSI is to increase the production
of 3-hyperon and to decrease the production of
6-hyperons in the nuclear medium due to charge
exchange processes like 6 N → 3 N and
3 N → 6 N, but the total hyperon production
remains the same.

(ii) In the case of the 1 production cross sections, the
NME+FSI effect reduces the cross section significantly.
This reduction in the cross section increases with the
increase in mass number, for example, at Eν̄µ = 1 GeV

in the case of 12C, 16O and 40Ar, the reduction in the
cross section is in the range of 40−50% which becomes
70% in the case of 208Pb.

(iii) The reduction due to NME+FSI effects in the case
of pions obtained from 1 excitation is large enough
to compensate for Cabibbo suppression of pions
produced through the hyperon decay specially in
the low energy region. Because of this, the pion
production from the hyperons is comparable to the
pion production from the 1 excitation up to the
antineutrino energies of about 0.5 GeV for π−

production and 0.65 GeV for πo production.
(iv) The ratio of pions produced through Y and 1

excitations in nuclei increases with the mass number
due to the final state interactions of the pions as the
pions coming from the 1 decays are suppressed due
to FSI as compared to the pions coming from the
hyperons. This ratio decreases with the increase in the
antineutrino energies.

(v) We have also presented the numerical results
for dσ/dQ2 in the various nuclear targets
like 12C, 16O, 40Ar and 208Pb at the different
antineutrino energies.

Thus, to conclude, the contribution of hyperon production
to the π− and πo productions induced by the antineutrinos
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on the nuclear targets is important specially in the sub-GeV
energy region.
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