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Introduction

The study of neutrino induced weak interactions is not only
important to understand the analysis of the various
oscillation experiments, but also it is important to
understand the hadronic weak currents, estimation of
atmospheric backgrounds for nucleon decay searches,
strange quark content of the nucleon, etc.

The total vN CC scattering cross section
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Exclusive v-N channels comprise 3 categories:
1. Single kaon production(AS=1)
2. Single hyperon production(AS=1)

3. Charged and neutral current induced associated particle
production (AS=0).

MINERVA is going to study strange particle production reactions .
Their study would facilitate the understanding of the structure
of hadronic weak current and the estimation of the atmospheric
heutrino backgrounds for oscillation searches besides determining
precisely v-A cross sections.
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Kaon Production at Minerva, 3 Tons and 4 Years
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R. E. Shrock (Phys. Rev. D 12, 2049, 1975) wused a
resonant Born model and estimated the charged and neutral
v, + N> p-+ K + A% and v, + N - py~ + K* + I cross
sections (~ 10-4° cm?) in the neutrino energy region up to 3
GeV.

A. A. Amer (Phys. Rev. D 18, 2290, 1978) used a harmonic
oscillator quark model to estimate cross section for K* A
production 1.35 - 2.65 ~ 10-% cm? which is almost an
order of magnitude smaller than the measured result.

H. K. Dewan (Phys. Rev. D 24, 2369, 1981) has studied
Associated Production as well as S.C. C.C. reactions

V,* N—>p +Y +x andv, + N —» p- + N + K using Born
approximations with hyperon-nucleon transition form factors
determined from the Cabibbo theory with SU(3) symmetry.
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Adera, Van Der Ventel, van Niekerk and T. Mart PRC 82 (2010) 025501

They have studied differential cross section for v induced C. C.
Associated Particle Production using Born term approximation in
the framework of Cabibbo theory and SU(3) symmetry.

1’\

-~ channel
$ — channel \ 4 IR — | U = channe
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Chiral perturbation theory (ChPT) is the effective field theory
(EFT) of the Strong interactions at low energies.

>Here one writes a general Lagrangian, consisting of all terms
allowed from the symmetry principles and then calculates the
matrix elements with this Lagrangian to any given order of

perturbation theory.

The lowest order SU(3) chiral Lagrangian describing the
pseudoscalar mesons in the presence of an external
current is given by:

S. Scherer---- Adv. Nucl. Phys. 27 (2003) 277
Iz
/]
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U is the SU(3) representation of meson fields

o (22
(z) = exp )

The second term of the Lagrangian incorporates explicit
breaking of chiral symmetry coming from the quark masses.
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Lowest order Chiral Lagrangian for the baryon octet in
the presence of external current

=Tt \B(i - M) ]-Tr (By"y5{uy, B}) = =Tt (By"ys[uy, B))

where D=0.804, F=0.463 , B is the SU(3) Baryon Octet(1/2*) field

where each entry is a Dirac field
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Single Kaon Production

PRD 82 (2010) 033001

v +p—1" + K +p
v +n—1 + K"+ p
T+ KT+ n
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The basic reaction for the neutrino induced charged
current kaon production is

y 1 di! dp’  dpy
_ AME(27)5 (2E) (2E}) (2Ex)

S*(k+p—K —p —pp) | M|?
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Feynman diagrams for the neutrino induced process: u-channel Kaon in
flight , u-channel, contact term, Kaon in flight, pion/eta in flight
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Feynman diagrams for the neutrino induced process: u-channel Kaon in
flight , u-channel, contact term, Kaon in flight, pion/eta in flight
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Contributions to the hadronic current for nevutrino
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The parameters appearing in the hadronic currents
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Feynman diagrams for the anti-neutrino induced process: X-resonance, s-

channel Kaon in flight , s-channel, contact term, Kaon in flight, pion/eta in
flight
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Feynman diagrams for the anti-neutrino induced process: X-resonance, s-

channel Kaon in flight , s-channel, contact term, Kaon in flight, pion/eta in
flight
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The interaction between the baryon decuplet, the baryon octet
and the meson octet is given by

Tade is the SU(3) representation for the spin 3/2 decuplet field with the

following associations:
Til=A* | TH2=A"/S3, T122=A0//3, T222= A" TH3=3"+//3,
T123=30/f6, T223=3"-/[3 , T133= ="0/f3, T233= =* -/J3 and T3 =()-

C is fitted from the A~ decay and found to be = 0.996 ~ 1.0

—

(X% P =p+q|V*|N:y ‘mLQ(P)F # (
Vs (D)4

g

A

87 (87 C
5 (9% P = ¢"P") + Cig™ + ~55d"q"

M. Sajjad Athar, NUINT 2012, Rio  Oct 2012 / 20




Spin 3/2 Rarita-Schwinger projection operator

1 9PEpY Pp v _ Prak
W(P) — Z UH z/ o E+ \[v*) N/ N | + _—/

We take the P-wave width for the decay of X" -> An (87%)

he factor C'y 1s 1 for A and 2 for NV and X

And total width for X7 is:
Iy = Dyoonr + Useoyr v v
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Contiributions to the hadronic current for anti-

nheutrino induced process
V32
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Values of the parameters appearing in the
hadronic currents

vp — 7K™ p

ip — ITK'n
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PHYSICAL REVIEW D 82, 033001 (2010)

e

S
9)

A~
(|
>
)
S
[}
=
Q
o)
)
—
~
™
o4
=
©
o

M. Sajjad Athar, NUINT 2012, Rio Oct 2012



Cross Section for the processes 7,N — ¢"N'K and v, N — y*N'K
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Cross Section for the process 7,p — p"pK~

Full Model
———— Contact
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Cross Section for the process 7,n — " nk"-

Full Model
———~ Contact
_____ — E*
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Cross section for the process v,p — unKY

Full Model
———— Contact

PHYSICAL REVIEW D 85, 013014 (2012)

M. Sajjad Athar, NUINT 2012, Rio  Oct 2012 30



PHYSICAL REVIEW D 85, 013014 (2012)
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Q? distribution

MA= 1.05 GeV
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Associated Production

Neutrino Antineutrino
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Feynman diagrams for the neutrino induced process
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Feynman diagrams for the neutrino induced process
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Contributions to the hadronic current for neutrino
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Cross Section vs E

Full

S channel
U-sigma

T channel
Pion flight
Contact term
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Cross Section Vs E
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Cross Section Vs E (Full contribution)
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Resonances
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Angular distribution Q? distribution
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Ey distribution E, distribution
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Eta Production

Charged current v(anti-v) induced eta
production




The expression for the differential cross section in the laboratory (lab) frame
for the above process is given by,

S ik A5 dp
— IMEC 2E) CE) 2E)

54(k—|—p—k’—p’—pn)2_32|./\/l |2

We have obtained the hadronic current for s-channel and u-channel nucleon Born
terms and s-channel and u-channel resonant S11(1535) and S11(1650) terms.

r(p + q)

M (q)




j#

Y@ + f1(Q?) i o —2— — (FAQ)Y" + FF(QN)") 7

2M N
FV 2 FV 2
L@+ da) + T i, — (@0 + (@)
,.)/OJMT,.)/U

f1,V are isovector form factors for the nucleons which are expressed in terms
of Dirac and Pauli form factors, which in turn are expressed in terms of
electric and magnetic Sach's form factors. We have taken BBBAO5
parametrisation.
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Arn2y FA(O) : P2\ _ Mg = MN 4,2

A

fA40) = 1.26, FA(0)=2g" where g* ~ 0.106

The total width is taken as

T'R(1535) = 0.42 Ty« nn +0.46 Tnesne +0.12 ey x
T'(1650) = 0.10 Tn«—_snp + 0.70 Dy +0.20 Tyery x
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We have taken the following form for S-wave decay width

g oM (W2 = M2 - m(2M3 + M - W* - 2M Mg)

[p(S11 = Nm) =

R(S — m) 87Tf7? "2
pOM — VA, m2, M)
" W

For S11-1535, g,ys,, = 0.280 and for S11-1650, g,ys,, = 0.0867
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$11(1535)

AP L(Q%) = 69.2 x 1073(1. + 1.61364Q?) e~ 78707,

S?,(Q%) = —16.5x 1073(1. + 2.8261Q?) e~ 07373Q",

1/2(Q2) = —52.79 X 10_3(1_ e 2.86297Q2) 6—1.68723622’

1/2(Q2) = 29.66 x 1073(1. + 0.35874Q%) o—1.55Q2
S11(1650)

AP (@) = 33.3x 1073 x (1. + 1.45Q?) 26297,
Sf/g(QZ) — —3.5x 1073 x (1. + 2.88 Q?2) £°-76Q7
A75(Q%) = 9.3 x 1077 x (1. + 0.13 Q2) 9",
1/2(@2) — 10.0 x 1077 x (1. — 0.5 Q%) o1-55Q2
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Conclusions

. We have obtained cross sections for the single kaon production,
eta production and associated particle production at the
neutrino energies of 1-2 GeV.

We find the contribution of contact term to be significant in
single kaon production as well as in the associated particle
production.

. Contribution of ST11(1535) resonance to neutrino induced eta
production is not dominant one, unlike the electromagnetic
interactions.

. Results of the associated particle production also require the
contribution of resonant channels, which we are planning to
include.
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D,V is covariant derivative given as,

[

with |, and r, as left and right handed external currents.

For the charged current case,

g is the weak gauge coupling related with Fermi coupling
constant Gf as,

M. Sajjad Athar, NUINT 2012, Rio  Oct 2012 57



)

Vi; denote the elements of the CKM quark
mixing matrix describing the transformation
between the mass eigen states of the QCD and
the weak eigen states.

|V, 41=0.9735 +0.0008 and |V |=0.2196
+0.0023
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Cross Section Vs E (Full contribution)
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Full Antineutrino
S-1535

S-1650
Background
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