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@ MicroBooNE, ArgoNeuT, T2K, N®A are taking data in the few
GeV region to determine preciselyoscillation parameters:
In the MC Generators some of the reactions are missing and
some are not well described.

@ Nucleon Decay searches in Atmospheric neutrino experisnent
background estimation of Kaons are required.

o In the understanding of the basic symmetries of the SM, g&an
quark content of the nucleon, structure of weak hadronimfor
factors, etc.

5/45



Motivation

Processes

Single Kaon ProductionAS= 1)
Ve — HK*p  vyp— K p
vuh — P K% vup — P K®n
vin— K*n  yyn— ptKn

6/45



Motivation

Processes

Single Kaon ProductionAS= 1) Single Hyperon Production
VP — WK p  vyp— K Vup — =0
vuin— K%  vp— Ko vup — PFA
vin— - K*n  vyn— putKon vun — ptE-

6/45



Motivation

Processes

Single Kaon ProductionAS= 1) Single Hyperon Production

vp— W Kp  vp— ptKp vup — pt =0
vuh — P K% vup — P K®n vup — HFA
vin— - K*n  vyn— putKon vun — ptE-
Associated ProductioddMS= 0)

vun — P KA vup — PHKOA

vup — IKTEF vup — pKOs0

vyn — p K+ 50 Vup — HTKTE-

vy — P Koz F vy — prKOs -

6/45



Motivation

Processes

Single Kaon ProductionAS= 1) Single Hyperon Production
VP — WK p  vyp— K Vup — =0
vuh — P K% vup — P K®n vup — HFA
vin— - K*n  vyn— putKon vun — ptE-
Associated ProductioddG= 0)

vun — P KA vup — PHKOA
vup — IKTEF vup — pKOs0
vyn — p K+ 50 Vup — UK FTE"
vy — P Koz F vy — prKOs -
Eta Production
VN — Hpn VP — U nn

6/45



1K Prod.

Outline

© sSingle Kaon Production

7145



1K Prod.

Formalism

The general expression for the scattering cross-sectigives by,

(2" o 8 (k — ke )ZZ| M2,
~ 4ME ﬂzkfo 2n f

8/45



1K Prod.

Formalism

The general expression for the scattering cross-sectigives by,

(2" o 8 (k — ke )ZZ| M2,
~ 4ME ﬂzkfo 2n f

Gr .(1) g9 (L) 1 g
M = JuH) — T,
2T = Mg oz

jﬁL) is Leptonic Current

& J*H) is Hadronic Current

8/45



1K Prod.

Formalism

The general expression for the scattering cross-sectigives by,

(2" o 8 (k — ke )ZZ| M2,
~ 4ME ﬂzkfo 2n f

Gr .(1) g9 (L) 1 g
M = JuH) — T,
2T = Mg oz

jﬁL) is Leptonic Current

& J*H) is Hadronic Current

£= 0 WL o)l W - Y. J

8/45



1K Prod.

™,
“

7
7 L/
4 /
4 ”
4 7
’ ’
’ s
, s
, s
’ z
V4 e
, s
N . ,
oo P .

Figure: Feynman diagrams contributing to ti&H)

9/45



1K Prod.
V4 e
4 e
7 4 7/ 7
ya '
7 7 7
7 7
4 ’
7 / 7
-~
7 Ve -
, , M/WV\/V\/ ik
s s, -
, ’ -
N ” 7 !
s s
AN y s 1
4 7 1

Figure: Feynman diagrams contributing to ti&H)

For the background terms we used

Chiral Perturbation TheoryPT) J

9/45



1K Prod.
V4 e
4 e
7 4 7/ 7
ya '
7 7 7
7 7
4 ’
7 / 7
-~
7 Ve -
, , M/WV\/V\/ ik
s s, -
, ’ -
N ” 7 !
s s
AN y s 1
4 7 1

Figure: Feynman diagrams contributing to ti&H)

For the background terms we used
Chiral Perturbation TheoryPT) J
Resonant Terms

Used inv induced K-production )

9/45



1K Prod.

o M. Rafi Alam et.al.
“Weak Kaon Production off the Nuclebn
Phys. Rev. D 82, 033001 (2010)
o M. Rafi Alam et.al.
“Antineutrino induced antikaon production off the nuclgon
Phys. Rev. D 85, 013014 (2012)
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1K Prod.

Process Ber | Act | As | A | Acrs | Aca | Akp | An | Ay | A
T Kin[DF | -1 [ 0] 0] -1 0 A 1] 1] o0
vp—I1"K*tp | -F 2 0 0| -3 1 2 1-1] 0
vn—I"K% | -D-F| -1 | 0 | O 3 1 1|20} 0
wn=IFKn | D-F| 1 | 1] 0 0 0 Al 1] 1] 2
wp—I*Kp | -F 2 | =31 0 0 2 | -1] 1] 1
vp—I*Kn | -D-F | 1 1] 0 0 1] 2] 0] 1

Table: Constant factors appearing in the hadronic current
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1K Prod.

Compared with Associated kaon production cross sectio
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Single Hyperon Production

vi(k)+p(p) — 17(K)+A(p)
Vil +pp) — IT(K)+2%p)

No process is possible with
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o FY(a) +B DY (),
o F(o?) +B D),
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o andf are determined using
fi(®) = oFY(®)+BDY(q?), Cabibbo theory with SU(3)
(o) = aFi(e?)+pDNg),  symmetry

The Q? dependence in FF are taken
2 2
(@) =F(O) (1+ ﬁz> Di(@?) = D(0) (1+ﬁz>

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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Local Fermi Gas Model
Effect is negligible

Final State Interaction

For the FSI we took the prescription of S. K. Singh and M. J. Atas.
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1Y Prod.
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YK Prod.

Currents forAS= 0 K production

Process Act Ber Asy Auy Aty An
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Table: Constant factors appearing in the hadronic current. Theiugign
corresponds to the processes with
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Weak transition F1(Q?) F2(Q?) Ga(Q%)
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The standard form factors for weak CC transitions of thé BU
baryon octets.
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YK Prod.
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Outline

© Eta Production
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“Weak n production off the nucleon,”
arXiv:1303.5951 [hep-ph].
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Ny = g\&”i’zf;:‘ f%(w_(D"‘F)VUVB)UN(p)
R = S ) (P O+ W) )
T = %ignNSMUN(p/) o +q§§2+—¢|M+§|iﬁFi{rRMROHUN(p)

B = Do, (o) 0 Lo

o = LTV e L i Faep s ok

The upper (lower) sign iw* applies to the s-(u-)channel current.
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The isovector form factorEy ,, are given in terms of the
electromagnetic transition form factors of protons andimes as

FY(Q%) = FR(Q) —FI(Q%): FY(Q%) =F5(Q%) —F3(Q).

F12(Q?) can then be obtained from the helicity amplitudds', and
? 2
" which have been conveniently parametrized as
2

p,n - Zme (MR“’M)Z“’QZ Q2 p.N/~2 MR M p,n,~2
Ay = \/ M3 — M2 (4M2F @)+ =y R (Q ))

n | Toe( MR |V| +Q2 (MR+M)*+Q* (MR—M _pn o pn 2
Sg - \/ 4MgM < v 1 (@)-FT(Q ))
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For the axial form factoF(Q?) we have adopted a dipole form with
Ma = 1.05 GeV. The pseudoscalar form factor is relate@16Q?)
through the PCAC relation

o0 Q@ =

FA@) = Fa() (1+M£> ,
Mr—M)M

FP(QZ) = %FA(QZ)-
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MiniBooNE
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Atmospheric
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Conclusion

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/antnet
experiments at MINERA, NOvVA, T2K and others with high
statistics and/or higher antineutrino energies.

@ Antineutrino induced hyperon production is quite impottan
the energies of MiniBooNE, T2K or in the analysis of
atmospheric neutrino experiments.

@ The contribution of background terms in the associatedgbart
production has been presently taken into account and wank is
progress to include resonant terms.

@ S11-1535 has the dominant contribution to taproduction
cross section and the contribution of background termslace a

not negligible.
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