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Abstract

The charged current antikaon production off nucleons induced by antineutrinos is studied at low and

intermediate energies. We extend here our previous calculation on kaon production induced by neutrinos. We

have developed a microscopic model that starts from the SU(3) chiral Lagrangians and includes background

terms and the resonant mechanisms associated to the lowest lying resonance in the channel, namely, the

Σ∗(1385). Our results could be of interest for the background estimation of various neutrino oscillation

experiments like MiniBooNE and SuperK. They can also be helpful for the planned ν̄−experiments like

MINERνA, NOνA and T2K phase II and for beta-beam experiments with antineutrino energies around

1 GeV.

PACS numbers: 25.30.Pt,13.15.+g,12.15.-y,12.39.Fe
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I. INTRODUCTION

Weak interaction experiments with neutrino energies around 1 GeV are quite sensitive to the

neutrino oscillation parameters and as a consequence many experiments like MiniBooNE, Sci-

BooNE, K2K, T2K, NOνA, etc. explore this energy range. Although many interesting results can

be obtained without a detailed knowledge of the various processes used for the neutrino detection

or the neutrino flux, a reliable estimate of the ν−N cross section for various processes is mandatory

to carry out a precise analysis of the measurements.

Among these processes, strangeness conserving (∆S = 0) weak interactions involving quasielas-

tic production of leptons induced by charged as well as neutral weak currents have been widely

studied [1–7]. Much work has also been done to understand one pion production in the weak

sector [8–15]. There are other inelastic reactions like hyperon and kaon production (∆S = ±1)

that could also be measured even at quite low energies. However, very few calculations study

these processes [16–22]. This is partly justified by their small cross sections due to the Cabibbo

suppression. As a result of this situation, the Monte Carlo generators used in the analysis of the

current experiments apply models that are not well suited to describe the strangeness production

at low energies. NEUT, for example, used by Super-Kamiokande, K2K, SciBooNE and T2K, only

considers associated production of kaons within a model based on the excitation and later decay of

baryonic resonances and from deep inelastic scattering (DIS) [23]. Similarly, other neutrino event

generators like NEUGEN [24], NUANCE [25] (see also discussion in Ref. [26]) and GENIE [27] do

not consider single hyperon/kaon production.

Recently we have studied single kaon production induced by neutrinos at low and intermediate

energies [22] using Chiral Perturbation Theory (χPT). We found that up to Eνµ ≈ 1.2 GeV, single

kaon production dominates over the associated production of kaons along with hyperons which is

mainly due to its lower threshold energy.

In this work, we extend our model to include weak single antikaon production off nucleons. The

theoretical model is necessarily more complicated than for kaons because resonant mechanisms,

absent for the kaon case, could be relevant. On the other hand, the threshold for associated

antikaon production corresponds to the K − K̄ channel and it is much higher than for the kaon

case (KY). This implies that the process we study is the dominant source of antikaons for a wide

range of energies.

The study may be useful in the analysis of antineutrino experiments at MINERνA, NOνA, T2K

and others. For instance, MINERνA has plans to investigate several strange particle production
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reactions with both neutrino and antineutrino beams [28] with high statistics. Furthermore, the

T2K experiment [29] as well as beta beam experiments [30] will work at energies where the single

kaon/antikaon production may be important.

We introduce the formalism in Sec. II. In Sec. III, we present the results, discussions and

conclusions.

II. FORMALISM

The basic reaction for antineutrino induced charged current antikaon production is

ν̄l(k) +N(p) → l(k′) +N ′(p′) + K̄(pk), (1)

where l = e+, µ+ and N&N ′ are nucleons. The expression for the differential cross section in the

laboratory frame for the above process is given by

d9σ =
1

4ME(2π)5
d~k′

(2El)

d~p ′

(2E′
p)

d~pk
(2Ek)

δ4(k + p− k′ − p′ − pk)Σ̄Σ|M|2, (2)

where k(k′) is the momentum of the incoming(outgoing) lepton with energy E(E′), p(p′) is the

momentum of the incoming(outgoing) nucleon. The kaon 3-momentum is ~pk having energy Ek, M

is the nucleon mass, Σ̄Σ|M|2 is the square of the transition amplitude averaged(summed) over the

spins of the initial(final) state. It can be written as

M =
GF√
2
jµJ

µ =
g

2
√
2
jµ

1

M2
W

g

2
√
2
Jµ, (3)

where jµ and Jµ are the leptonic and hadronic currents respectively, GF =
√
2 g2

8M2
W

is the Fermi

coupling constant, g is the gauge coupling and MW is the mass of the W -boson. The leptonic

current can be readily obtained from the standard model Lagrangian coupling the W bosons to

the leptons

L = − g

2
√
2

[

jµW−
µ + h.c.

]

. (4)

We construct a model including non resonant terms and the decuplet resonances, that couple

strongly to the pseudoscalar mesons. The same approach successfully describes the pion production

case (see for example Ref. [11]). The channels that contribute to the hadronic current are depicted

in Fig. 1. There are s-channels with Σ,Λ(SC) and Σ∗(SCR) as intermediate states, a kaon pole

(KP) term, a contact term (CT), and finally a meson (πP,ηP) exchange term. For these specific

reactions there are no u-channel processes with hyperons in the intermediate state.
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N(p′)

W−(q)

Σ∗(q + p)N(p) N(p′)

W−(q)
K̄(pk)

N(p′)

K̄(pk)W−(q)

N(p)

Σ, Λ(q + p)N(p) N(p′)

K̄(pk)

N(p′)N(p)

W−(q)

K̄(pk)
K−(q)

π, η

N(p)

W−(q)
K̄(pk)

FIG. 1: Feynman diagrams for the process ν̄N → lN ′K̄. First row from left to right: s-channel Σ,Λ

propagator (labeled SC in the text), s-channel Σ∗ Resonance (SCR), second row: kaon pole term (KP);

Contact term (CT) and last row: Pion(Eta) in flight (πP/ηP ).

The contribution coming from different terms can be obtained from the χPT Lagrangian. We

follow the conventions of Ref. [31] to write the lowest-order SU(3) chiral Lagrangian describing the

interaction of pseudoscalar mesons in the presence of an external current,

L(2)
M =

f2π
4
Tr[DµU(DµU)†] +

f2π
4
Tr(χU † + Uχ†), (5)

where the parameter fπ = 92.4 MeV is the pion decay constant, U(x) = exp
(

iφ(x)fπ

)

is the SU(3)

representation of the meson fields φ(x) and DµU is its covariant derivative

DµU ≡ ∂µU − irµU + iUlµ . (6)

For the charged current case the left and right handed currents lµ and rµ are given by

rµ = 0, lµ = − g√
2
(W+

µ T+ +W−
µ T−), (7)

with W± the W boson fields and

T+ =













0 Vud Vus

0 0 0

0 0 0













; T− =













0 0 0

Vud 0 0

Vus 0 0













.

Here, Vij are the elements of the Cabibbo-Kobayashi-Maskawa matrix. The second term of the

Lagrangian of Eq. 5, that incorporates the explicit breaking of chiral symmetry coming from the

quark masses [31], is not relevant for our study.
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The lowest-order chiral Lagrangian describing the interaction between baryon-meson octet in

the presence of an external weak current can be written in terms of the SU(3) matrix as

L(1)
MB = Tr

[

B̄ (i /D −M)B
]

− D

2
Tr

(

B̄γµγ5{uµ, B}
)

− F

2
Tr

(

B̄γµγ5[uµ, B]
)

, (8)

where M denotes the mass of the baryon octet, and the parameters D = 0.804 and F = 0.463 can

be determined from the baryon semileptonic decays [32]. The covariant derivative of B is given by

DµB = ∂µB + [Γµ, B], (9)

with

Γµ =
1

2

[

u†(∂µ − irµ)u+ u(∂µ − ilµ)u
†
]

, (10)

where we have introduced u2 = U . Finally,

uµ = i
[

u†(∂µ − irµ)u− u(∂µ − ilµ)u
†
]

. (11)

The next order meson baryon Lagrangian contains many new terms (see for instance Ref. [33]).

Their importance for kaon production will be small at low energies and there are some uncertainties

in the coupling constants. Nonetheless, for consistency with previous calculations, we will include

the contribution to the weak magnetism coming from the pieces

L(2)
MB = d5Tr

(

B̄[f+µν , σ
µνB]

)

+ d4Tr
(

B̄{f+µν , σµνB}
)

+ . . . , (12)

where the tensor f+µν can be reduced for our study to

f+µν = ∂µlν − ∂ν lµ − i[lµ, lν ]. (13)

In this case, the coupling constants are fully determined by the proton and neutron anomalous

magnetic moments. The same approximation has also been used in calculations of single pion [11]

and kaon production [22] induced by neutrinos.

As it is the case for the ∆(1232) in pion production, we expect that the weak excitation of the

Σ∗(1385) resonance and its subsequent decay in NK may be important. The lowest order SU(3)

Lagrangian coupling the pseudoscalar mesons with decuplet-octet baryons in presence of external

weak current is given by

Ldec = C
(

ǫabcT̄ µ
adeu

d
µ,bB

e
c + h.c.

)

, (14)
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where T µ is the SU(3) representation of the decuplet fields, a−e are flavour indices1, B corresponds

to the baryon octet and uµ is the SU(3) representation of the pseudoscalar mesons interacting with

weak left lµ and right rµ handed currents (See Eq. 11). The parameter C ≃ 1 has been fitted to

the ∆(1232) decay-width. The spin 3/2 propagator for Σ∗ is given by

Gµν(P ) =
Pµν
RS(P )

P 2 −M2
Σ∗ + iMΣ∗ΓΣ∗

, (15)

where P = p+ q is the momentum carried by the resonance, q = k − k′ and Pµν
RS is the projection

operator

Pµν
RS(P ) =

∑

spins

ψµψ̄ν = −( /P +MΣ∗)

[

gµν − 1

3
γµγν − 2

3

PµP ν

M2
Σ∗

+
1

3

Pµγν − P νγµ

MΣ∗

]

, (16)

with MΣ∗ the resonance mass and ψµ the Rarita-Schwinger spinor. The Σ∗ width obtained using

the Lagrangian of Eq. 14 can be written as

ΓΣ∗ = ΓΣ∗→Λπ + ΓΣ∗→Σπ + ΓΣ∗→NK̄ , (17)

where

ΓΣ∗→Y,meson =
CY

192π

( C
fπ

)2 (W +MY )
2 −m2

W 5
λ3/2(W 2,M2

Y ,m
2)Θ(W −MY −m). (18)

Here, m, MY are the masses of the emitted meson and baryon. λ(x, y, z) = (x− y− z)2 − 4yz and

Θ is the step function. The factor CY is 1 for Λ and 2
3 for N and Σ.

Using symmetry arguments, the most general W−N → Σ∗ vertex can be written in terms of a

vector and an axial-vector part as,

〈Σ∗;P = p+ q |V µ|N ; p〉 = Vusψ̄α(~P )Γ
αµ
V (p, q)u(~p ),

〈Σ∗;P = p+ q |Aµ|N ; p〉 = Vusψ̄α(~P )Γ
αµ
A (p, q)u(~p ), (19)

where

Γαµ
V (p, q) =

[

CV
3

M
(gαµq/− qαγµ) +

CV
4

M2
(gαµq · P − qαPµ) +

CV
5

M2
(gαµq · p− qαpµ) + CV

6 g
µα

]

γ5

Γαµ
A (p, q) =

[

CA
3

M
(gαµq/− qαγµ) +

CA
4

M2
(gαµq · P − qαPµ) + CA

5 g
αµ +

CA
6

M2
qµqα

]

. (20)

Our knowledge of these form factors is quite limited. The Lagrangian of Eq. 14 gives us only

CA
5 (0) = −2C/

√
3 (for the Σ∗−(1385) case). However, using SU(3) symmetry we can relate all other

1 The physical states of the decuplet are: T111 = ∆++, T112 = ∆+
√

3
, T122 = ∆0

√
3
, T222 = ∆−, T113 = Σ∗+

√
3
, T123 =

Σ∗0
√

6
, T223 = Σ∗−

√
3
, T113 = Ξ+

√
3
, T133 = Ξ0

√
3
, T333 = Ω−.
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form factors to those of the ∆(1232) resonance, such that CΣ∗−

i /C∆+

i = −1 and CΣ∗−

i /CΣ∗0

i =
√
2.

See Refs. [8, 11, 14, 34, 35] for details of the WN∆ form-factors. In the ∆ case, the vector form

factors are relatively well known from electromagnetic processes and there is some information on

the axial ones from the study of pion production. We will use the same set as in Ref. [11, 14],

where pion production induced by neutrinos has been studied, except for CA
5 (0), obtained directly

from the Lagrangian and CA
6 . These latter two form factors are related by PCAC so that CA

6 =

CA
5 M

2/(m2
K − q2).

In our model, we use an SU(3) symmetric Lagrangian. The only SU(3) breaking comes from

the use of physical masses. This is expected to be a good description for the background terms, as

it was discussed for the kaon production induced by neutrinos in Ref. [22]. Little is known about

the SU(3) breaking for the axial couplings of the baryon decuplet, but only a small breaking has

been found for their electromagnetic properties [36, 37]. Therefore, we can expect a similarly small

uncertainty in the size of the Σ∗(1385) contribution.

Even from relatively low neutrino energies, other baryonic resonances, beyond the Σ∗(1385),

could contribute to the cross section, as they are close to the kaon nucleon threshold. However,

their weak couplings are basically unknown. Also, the theoretical estimations of these couplings

are still quite uncertain. Nonetheless, recent advances on the radiative decays of these resonances,

both experimental and theoretical (see, e.g., Refs. [38, 39]) are very promising and may help to

develop a more complete model in the future.

Finally, we consider the q2 dependence of the weak current couplings provided by the chiral

Lagrangians. In this work, we follow the same procedure as in Ref. [22]2 and adopt a global dipole

form factor F (q2) = 1/(1 − q2/M2
F )

2, with a mass MF ≃ 1 GeV that multiplies all the hadronic

currents, except the resonant one, that has been previously discussed. Its effect, that should be

small at low neutrino energies, will give an idea of the uncertainties of the calculation and will be

explored in the next section.

Detailed expressions of the resulting hadronic currents Jµ containing both background and

resonant terms are listed in the appendix A.

2 A more elaborate discussion can be found there.
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III. RESULTS AND DISCUSSION

We consider the following strangeness changing (|∆S| = 1) charged-current reactions:

ν̄l + p → l+ +K− + p

ν̄l + p → l+ + K̄0 + n

ν̄l + n → l+ +K− + n . (21)

1 1.5 2
Eν (GeV)

0

1

2

3

σ 
 (

10
-4

1  c
m

2 )

ν+p → e+
+p+K

-

ν+n → e+
+n+K

-

ν+p → e+
+n+K

0

ν+p → µ+
+p+K

-

ν+n → µ+
+n+K

-

ν+p → µ+
+n+K

0

FIG. 2: Cross-section for the processes ν̄µN → µ+N ′K̄ and ν̄eN → e+N ′K̄ as a function of the antineutrino

energy

In Fig. 2, we show their total cross section for electronic and muonic antineutrinos as a function

of energy. We obtain similar values to the cross sections of kaon production induced by neutrinos of

Ref. [22], even when there are no resonant contributions. The electronic antineutrino cross sections

are slightly larger, but they do not present any other distinguishing feature. For all channels,

the cross sections are very small, as compared to other processes induced by antineutrinos at

these energies, like pion production, due to the Cabibbo suppression and to the smallness of the

available phase space. Nonetheless, the reactions we have studied are the main source of antikaons

for a wide range of neutrino energies. In fact, the lowest energy antikaon associate production,

(KK̄, |∆S| = 0), has a quite high threshold (≈ 1.75 GeV) and thus, it leads to even smaller

cross sections in the range of energies we have explored. For instance, at 2 GeV, GENIE predicts

antikaon production cross sections at least two orders of magnitude smaller than our calculation3.

3 This has been obtained with GENIE version 2.7.1 and corresponds to KK̄ processes.
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As it was expected, our results would lead to a very minor signal in past experiments. For

instance, we have evaluated the flux averaged cross-section 〈σ〉 for the MiniBooNE antineutrino

flux [40] in the sub GeV energy region. The results are given in Table I and compared with the

recent measurement of the neutral current π0 production per nucleon with the same flux [41]. We

TABLE I: 〈σ〉 for K̄ production with MiniBooNE ν̄µ flux and neutral current π0 production (per nucleon)

measured at MiniBooNE [41]

.

Process 〈σ〉 (10−41 cm2)

ν̄µ + p→ µ+ +K− + p 0.11

ν̄µ + p→ µ+ + K̄0 + n 0.08

ν̄µ + n→ µ+ +K− + n 0.04

ν̄µ +12 C → ν̄µ +X + π0 14.8± 0.5± 2.3

find that the antikaon production cross section is around two orders of magnitude smaller than the

NC π0 one at MiniBooNE. Given the number of neutral pions observed for the antineutrino beam

we expect that only a few tens of antikaons were produced in this experiment. One should notice

here that the average antineutrino energy at MiniBooNE is well below the kaon threshold. Thus,

we are only sensitive to the high energy tail of the flux.

One could expect a relatively larger signal for the atmospheric neutrino ν̄e and ν̄µ induced events

at SuperK, given the larger neutrino energies. But even there we find a very small background

from antikaon events. Taking the antineutrino fluxes from Ref. [42] we have calculated the event

rates for the 22.5kT water target and a period of 1489 days as in the SuperK analysis of Ref. [43].

We obtain 0.8 e+ and 1.5 µ+ events. Although the model has large uncertainties at high energies,

the rapid fall of the neutrino spectrum implies that the high energy tail contributes very little to

the background.

We have also estimated the average cross sections for the expected antineutrino fluxes at

T2K [44] and MINERνA (low energy configuration) [45]. In both cases, we have implemented

an energy cut (Ek + El < 2 GeV), that insures that high energy neutrinos, for which our model

is less reliable, play a minor role. The results are presented in Table II. For T2K, we get similar

results to the MiniBooNE case whereas the average cross section is much larger at MINERνA

because of the higher neutrino energies.

Hitherto, our results correspond to relatively low antineutrino energies, where our model is

best suited. However, the model could also be used to compare with data obtained at much higher

9



TABLE II: 〈σ〉 (10−41 cm2) for K̄ production with ν̄µ T2K [44] and MINERνA [45] expected fluxes.

Process 〈σ〉 MINERνA 〈σ〉 T2K
ν̄µ + p→ µ+ +K− + p 1.1 0.07

ν̄µ + p→ µ+ + K̄0 + n 0.49 0.04

ν̄µ + n→ µ+ +K− + n 0.33 0.02

neutrino energies selecting events such that the invariant mass of hadronic part is close to antikaon-

nucleon threshold and the transferred momentum q is small. This procedure has been used, for

instance, in the analysis of two pion production induced by neutrinos [46, 47].

In Fig. 3, we show the size of several contributions to the ν̄µp → µ+pK− reaction. Obviously,

this separation is not an observable and only the full cross section obtained with the sum of

the amplitudes has a physical sense. However, it could help us to get some idea of how the

uncertainties associated to some of the mechanisms, like the Σ∗(1385) one, could affect our results.

The cross section is clearly dominated by the non–resonant terms, providing the CT term the

0.8 1 1.2 1.4 1.6 1.8 2

Eν  (GeV)

0

1e-41

2e-41

3e-41

4e-41

σ 
(c

m
2 )

Full Model
Contact
π
Λ
Σ∗

ν µ  p → µ+
 p K

−

FIG. 3: Cross-section for the process ν̄µp→ µ+pK−.

largest contribution. We see the destructive interference that leads to a total cross section smaller

than that predicted by the CT term alone. We could also remark the negligible contribution of

the Σ∗(1385) channel. This fact is at variance with the strong ∆ dominance for pion production

and it can be easily understood because the Σ∗ mass is below the kaon production threshold. We

have also explored, the uncertainties associated with the form factor. The curve labeled as “Full
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Model” has been calculated with a dipole form factor with a mass of 1 GeV. The band corresponds

to a 10 percent variation of this parameter. The effect is similar in the other channels and we will

only show the results for the central value of 1 GeV. In Figs. 4 and 5, we show the other two

1 1.5 2
Eν  (GeV)

0

5e-42

1e-41

σ 
(c

m
2 )

Full Model
Contact
π
Σ∗

ν µ  n → µ+
 n K

−

FIG. 4: Cross-section for ν̄µn→ µ+nK−.

1 1.5 2
Eν  (GeV)

0

1e-41

2e-41

σ 
(c

m
2 )

Full Model
Contact
π
Σ∗

Λ

ν µ  p → µ+
 n K

0

FIG. 5: Cross-section for ν̄µp→ µ+nK̄0.

channels. As in the previous case the CT term is very important. We observe, however, that the

pion-pole term gives a contribution as large as the CT one for the ν̄µp→ µ+nK0 process. For the

ν̄µn→ µ+nK− case, we find a substantial contribution of the Σ∗ resonance, due to the larger value
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0 0.5 1 1.5
Q

2 
 ( GeV

2
)

0

2

4

6

8

 d
 σ

 
−−  d
 Q

2 
 (

10
-4

1 
 c

m
2  / 

G
eV

 2 
)

ν µ  n  → µ+
 n  K

− 

ν µ  p  → µ+
 n K

0

ν µ  p  → µ+
 p  Κ−

Eν  = 2 GeV

FIG. 6: dσ/dQ2 cross section.

of the couplings (see Table III). As in the first case, there is some destructive interference between

the different mechanisms participating in these processes.

In Fig. 6, we show the Q2 distributions for the three channels at a antineutrino energy Eν̄ = 2

GeV. We have checked that the reactions are always forward peaked (for the final lepton),even in

the absence of any form factor, favouring relatively small values of the momentum transfer. We

should notice however, that the smallness of Q2 does not imply that q0 or ~q are also small. In

fact, because of the kaon mass both energy and momentum transfer are always large. Also nucleon

laboratory momentum, even at threshold, is quite large (∼ 0.48 GeV). This implies that, for these

processes, Pauli blocking in nuclei would be ineffective.

In summary, we have developed a microscopical model for single antikaon production off nucleons

induced by neutrinos based on the SU(3) chiral Lagrangians, including the lowest lying octet and

decuplet baryons. This model is an extension of that of Ref. [22], where single kaon production

was investigated. The calculation is necessarily more complex for antikaons because resonant

mechanisms, absent for the kaon case, could be relevant. On the other hand, the threshold for

associated antikaon production corresponds to the K − K̄ channel and it is much higher than for

the kaon case (kaon-hyperon). This implies that the process we study is the dominant source of

antikaons for a wide range of energies. All parameters of the model involving only octet baryons

are well known: Cabibbo’s angle, fπ, the pion decay constant, the proton and neutron magnetic

moments and the axial vector coupling constants D and F. The weak couplings of the Σ∗(1385)

have been obtained from those of the ∆(1232) using SU(3) symmetry. Although they contain
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considerable uncertainties, we find that the resonance contribution is quite small.

We obtain for the single antikaon production cross sections similar to those of single kaon

production, and around two orders of magnitude smaller that for pion production for antineutrino

fluxes such as that from MiniBooNE. Nonetheless, the study may be useful in the analysis of

antineutrino experiments at MINERνA, NOνA, T2K and others with high statistics and/or higher

antineutrino energies.
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APPENDIX

Appendix A: Hadronic Currents

For consistency with Eq. 3 the contributions to the hadronic current are

Jµ|CT = iACTVus

√
2

2fπ
N̄(p′) (γµ +BCT γ

µγ5) N(p)

Jµ|Σ = iAΣ(D − F )Vus

√
2

2fπ
N̄(p′)pk/ γ5

p/+ q/+MΣ

(p+ q)2 −M2
Σ

(

γµ + i
(µp + 2µn)

2M
σµνqν

+ (D − F )

{

γµ − qµ

q2 −Mk
2 q/

}

γ5
)

N(p)

Jµ|Λ = iAΛVus(D + 3F )
1

2
√
2fπ

N̄(p′)pk/ γ
5 p/+ q/+MΛ

(p + q)2 −M2
Λ

(

γµ + i
µp
2M

σµνqν

− (D + 3F )

3

{

γµ − qµ

q2 −Mk
2 q/

}

γ5
)

N(p)

Jµ|KP = iAKPVus

√
2

2fπ
N̄(p′)q/ N(p)

qµ

q2 −M2
k

Jµ|π = iAπ
M

√
2

2fπ
Vus(D + F )

2pk
µ − qµ

(q − pk)2 −mπ
2
N̄(p′)γ5N(p)

Jµ|η = iAη
M

√
2

2fπ
Vus(D − 3F )

2pk
µ − qµ

(q − pk)2 −mη
2
N̄(p′)γ5N(p)
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Process BCT ACT AΣ AΛ AKP Aπ Aη AΣ∗

ν̄n→ l+K−n D-F 1 -1 0 -1 1 1 2

ν̄p→ l+K−p -F 2 − 1

2
1 -2 -1 1 1

ν̄p→ l+K̄0n -D-F 1 1

2
1 -1 -2 0 -1

TABLE III: Constant factors appearing in the hadronic current

Jµ|Σ∗ = −iAΣ∗
C
fπ

1√
6
Vus

pλk
P 2 −M2

Σ∗ + iΓΣ∗MΣ∗

N̄(p′)PRSλρ
(Γρµ

V + Γρµ
A )N(p)

In Γρµ
V + Γρµ

A , the form factors are taken as for the ∆+ case. The extra factors for each of the Σ∗

channels are given by AΣ∗ in Tab. III.
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