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GeV region to determine preciselyν-oscillation parameters:
In the MC Generators some of the reactions are missing and
some are not well described.

Nucleon Decay searches in Atmospheric neutrino experiments :
background estimation of Kaons are required.

In the understanding of the basic symmetries of the SM, strange
quark content of the nucleon, structure of weak hadronic form
factors, etc.
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For the background terms we used

Chiral Perturbation Theory (χPT)

Resonant Terms

Used inν̄ induced K-production
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Currents for∆S= 1 K production
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Process BCT ACT AΣ AΛ ACrΣ ACrΛ AKP Aπ Aη AΣ∗

νn→ l−K+n D-F -1 0 0 -1 0 -1 -1 -1 0
νp→ l−K+p -F -2 0 0 − 1

2 1 -2 1 -1 0
νn→ l−K0p -D-F -1 0 0 1

2 1 -1 2 0 0
ν̄n→ l+K−n D-F 1 -1 0 0 0 -1 1 1 2
ν̄p→ l+K−p -F 2 − 1

2 1 0 0 -2 -1 1 1
ν̄p→ l+K̄0n -D-F 1 1

2 1 0 0 -1 -2 0 -1

Table:Constant factors appearing in the hadronic current
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Compared with Associated kaon production cross section
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With F(0) = F and D(0) = D are determined from the baryon
semileptonic decays. Present Calculation
D = 0.804 and F = 0.463
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Processes

Neutrino

νln → l−Σ+K0

νln → l−ΛK+

νln → l−Σ0K+

νlp → l−Σ+K+

Anti-neutrino

ν̄lp → l+Σ−K+

ν̄lp → l+ΛK0

ν̄lp → l+Σ0K0

ν̄ln → l+Σ−K0
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jµ|s = iASYVud

√
2

2fπ
ūY(p

′) /pkγ5 /p+ /q+M
(p+q)2−M2H

µuN(p)

jµ|u = iAUYVud

√
2

2fπ
ūY(p

′)H µ /p− /pk+MY′

(p−pk)2−M2
Y′

/pkγ5uN(p)

jµ|t = iATYVud

√
2

2fπ
(M+MY) ūY(p

′)γ5 uN(p)
qµ−2pµ

k

(p−p′)2−m2
k

jµ|CT = iACTVud

√
2

2fπ
ūY(p

′)
(

γµ+BCT γµγ5)uN(p)

jµ|πF = iAπVud

√
2

4fπ
ūY(p

′)( /q+ /pk)uN(p)
qµ

q2−m2
π

H µ = FV
1 γµ+ i

FV
2

2M
σµνqν −GA

(

γµ− /qqµ

q2−m2
π

)

γ5

Where,H µ is the transition current forY⇆ Y′ with
Y= Y′ ≡ Nucleon and/or Hyperon.
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Currents for∆S= 0 K production

Process ACT BCT ASY AUY ATY Aπ
Y′ = Σ Y′ = Λ

ν̄l p→ l+Σ−K+
0 0 D−F D−F 1

3 (D+3F) 0 0
νl n→ l−Σ+K0

ν̄l p→ l+ΛK0
−
√

3
2

−1
3 (D+3F) −1√

6
(D+3F) −

√

2
3 (D−F) 0 −1√

6
(D+3F)

√

3
2νl n→ l−ΛK+

ν̄l p→ l+Σ0K0
∓ 1√

2
D−F ∓ 1√

2
(D−F) ∓

√
2(D−F) 0 ± 1√

2
(D−F) ± 1√

2νl n→ l−Σ0K+

ν̄l n→ l+Σ−K0
−1 D−F 0 F−D 1

3 (D+3F) D−F 1νl p→ l−Σ+K+

Table:Constant factors appearing in the hadronic current. The upper sign
corresponds to the processes withν̄
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Weak transition F1(Q2) F2(Q2) GA(Q2)

p→ n f p
1 (Q

2)− f n
1 (Q

2) f p
2 (Q

2)− f n
2 (Q

2) gA(Q2)

Σ± → Λ −
√

3
2 f n

1 (Q
2) −

√

3
2 f n

2 (Q
2)

√

2
3

D
F+D gA(Q2)

Σ± → Σ0 ∓ 1√
2
[2f p

1 (Q
2)+ f n

1 (Q
2)] ∓ 1√

2
[2f p

2 (Q
2)+ f n

2 (Q
2)] ∓

√
2 F

F+D gA(Q2)

The standard form factors for weak CC transitions of the SU(3)
baryon octets.

29 / 45



Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion

1 1.2 1.4 1.6 1.8 2
Eνµ 

 (GeV)

0

5

10

15

20

25

σ
  
(1

0
−
4

1
 c

m
2
)

All
s- Channel 
u- Channel Σ
t- Channel
Contact 
π−  Pole

νµ  n  → µ−  Λ  K+

1 1.2 1.4 1.6 1.8 2
Eµ  (GeV)

0

5

10

15

σ
  
(1

0
−
4

1
 c

m
2
)

All
s- Channel
u- Channel Σ
t- Channel
Contact
π−  Pole

νµ  p  → µ+  Λ  K0

preliminary result

30 / 45



Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion

0 0.2 0.4 0.6 0.8
Q

2  
 (GeV

2
)

0

2

4

6

8

 d
 σ

 
−

−
 d

 Q
2

  
 (

1
0

-4
1

  c
m

2
 /
 G

e
V

2
  
)

νµ  n  → µ−  Σ+ 
 K

0

νµ  n  → µ−  Λ  K+

νµ  n  → µ−  Σ0 
 K

+

νµ  p  → µ−  Σ+ 
 K

+

Eν  = 1.5 GeV

0 0.2 0.4 0.6 0.8
Q

2 
 (GeV

2
)

0

1

2

3

4

5

 d
 σ

 
−

−
 d

 Q
2

  
(1

0
-4

1
  c

m
2
 /
 G

e
V

2
  
)

νµ  n  → µ+  Σ− 
 K

0

νµ  p  → µ+  Λ  K0

νµ  p  → µ+  Σ0 
 K

0

νµ  p  → µ+  Σ− 
 K

+

Eνµ 
 = 1.5 GeV

preliminary result

31 / 45



Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion

0.1 0.2 0.3 0.4 0.5 0.6
Eµ  (GeV)

0

5

10

 d
 σ

 
−

−
 d

 E
µ

 
 (

1
0

-4
1

  c
m

2
 /
 G

e
V

  
)

νµ  n  → µ−  Σ+ 
 K

0

νµ  n  → µ−  Λ  K+

νµ  n  → µ−  Σ0 
 K

+

νµ  p  → µ−  Σ+ 
 K

+

Eν  = 1.5 GeV

0.1 0.2 0.3 0.4 0.5 0.6
Eµ  (GeV)

0

1

2

3

4

5

 d
 σ

 
−

−
 d

 E
µ

 
 (

1
0

-4
1

  c
m

2
 /

 G
e

V
  

)

νµ  n  → µ+  Σ− 
 K

0

νµ  p  → µ+  Λ  K0

νµ  p  → µ+  Σ0 
 K

0

νµ  p  → µ+  Σ− 
 K

+

Eνµ 
 = 1.5 GeV

preliminary result

32 / 45



Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion

0.5 0.75 1 1.25
E

k 
 (GeV)

0

2

4

6

8

 d
 σ

 
−

−
 d

 E
k
  (

1
0

-4
1

  c
m

2
 /
 G

e
V

  
)

νµ  n  → µ−  Σ+ 
 K

0

νµ  n  → µ−  Λ  K+

νµ  n  → µ−  Σ0 
 K

+

νµ  p  → µ−  Σ+ 
 K

+

Eν  = 1.5 GeV

0.5 0.6 0.7 0.8 0.9 1 1.1
E

k  
 (GeV)

0

1

2

3

4

5

 d
 σ

 
−

−
 d

 E
k
  

 (
1

0
-4

1
  c

m
2
 /

 G
e

V
  

)

νµ  n  → µ+  Σ− 
 K

0

νµ  p  → µ+  Λ  K0

νµ  p  → µ+  Σ0 
 K

0

νµ  p  → µ+  Σ− 
 K

+

Eνµ 
 = 1.5 GeV

preliminary result

33 / 45



Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion

Outline

1 Motivation

2 Single Kaon Production

3 Hyperon Production

4 Associated Production

5 Eta Production

6 Conclusion

34 / 45



Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion

p(p′)n(p)

N∗

S11
(p + q)n(p) p(p′)

W+(q)
η(p2)

N∗

S11
(p − p2)n(p) p(p′)

p(p + q)n(p) p(p′)

η(p2)
W+(q)

W+(q)
η(p2)

n(p − p2)

W+(q)
η(p2)

νl(k)+n(p) → l−(k′)+p(p′)+η(p2)

ν̄l(k)+p(p) → l+(k′)+n(p′)+η(p2).
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p(p′)n(p)

N∗

S11
(p + q)n(p) p(p′)

W+(q)
η(p2)

N∗

S11
(p − p2)n(p) p(p′)

p(p + q)n(p) p(p′)

η(p2)
W+(q)

W+(q)
η(p2)

n(p − p2)

W+(q)
η(p2)

νl(k)+n(p) → l−(k′)+p(p′)+η(p2)

ν̄l(k)+p(p) → l+(k′)+n(p′)+η(p2).

“Weak η production off the nucleon,”
arXiv:1303.5951 [hep-ph].
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J
µ
N(s) =

gVud

2
√

2

D−3F

2
√

3fπ
ūN(p

′) /p2γ5 /p+ /q+M
(p+q)2−M2

(

γµ− (D+F)γµγ5
)

uN(p)

J
µ
N(u) =

gVud

2
√

2

D−3F

2
√

3fπ
ūN(p

′)
(

γµ− (D+F)γµγ5
) /p− /p2+M
(p−p2)2−M2 /p2γ5uN(p)

J
µ
R(s) =

gVud

2
√

2
igηNS11ūN(p

′)
/p+ /q+MR

(p+q)2−M2
R+ iΓRMR

OµuN(p)

J
µ
R(u) =

gVud

2
√

2
igηNS11ūN(p

′)Oµ /p− /p2+MR

(p−p2)2−M2
R+ iΓRMR

uN(p)

Oµ =
FV

1 (Q
2)

(2M)2 (Q2γµ+ /qqµ)γ5±
FV

2 (Q
2)

2M
iσµρqργ5−FA(Q

2)γµ∓ FP(Q2)

M
qµ

The upper (lower) sign inOµ applies to the s-(u-)channel current.
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The isovector form factorsFV
1,2, are given in terms of the

electromagnetic transition form factors of protons and neutrons as

FV
1 (Q

2) = Fp
1(Q

2)−Fn
1(Q

2); FV
2 (Q

2) = Fp
2(Q

2)−Fn
2(Q

2).

Fp,n
1,2(Q

2) can then be obtained from the helicity amplitudesAp,n
1
2

, and

Sp,n
1
2

, which have been conveniently parametrized as

Ap,n
1
2

=

√

2παe

M
(MR+M)2+Q2

M2
R−M2

(

Q2

4M2 Fp,n
1 (Q2)+

MR−M
2M

Fp,n
2 (Q2)

)

Sp,n
1
2

=

√

παe

M
(MR−M)2+Q2

M2
R−M2

(MR+M)2+Q2

4MRM

(

MR−M
2M

Fp,n
1 (Q2)−Fp,n

2 (Q2)

)
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For the axial form factorFA(Q2) we have adopted a dipole form with
MA = 1.05 GeV. The pseudoscalar form factor is related toFA(Q2)
through the PCAC relation

FA(Q
2) = FA(0)

(

1+
Q2

M2
A

)−2

;

FP(Q
2) =

(MR−M)M
Q2+m2

π
FA(Q

2).
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Conclusion

We find the contribution of contact term to be significant in
single kaon production as well as in the associated particle
production processes.
The study may be useful in the analysis of neutrino/antineutrino
experiments at MINERνA, NOνA, T2K and others with high
statistics and/or higher antineutrino energies.
Antineutrino induced hyperon production is quite important at
the energies of MiniBooNE, T2K or in the analysis of
atmospheric neutrino experiments.
The contribution of background terms in the associated particle
production has been presently taken into account and work isin
progress to include resonant terms.
S11-1535 has the dominant contribution to theη-production
cross section and the contribution of background terms are also
not negligible.
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