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|AS| = 1 processes

Antineutrino induced Single Hyperon Production

These processes are Cabibbo suppressed as compared to the AS = 0 associ-
\ated production of hyperons.

v
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|AS| = 1 processes are Cabibbo suppressed as compared to |AS
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Differential cross section

do for the process
v (k) +N(p) = I () +Y (),

d3k' d3p’

A (k+p—k —p) |IM|?

4E,,\/_ 2B} 2E,

mg=p —p=k—F
= s=(q+p)?
m F, = 52_\]/\/1; is the CM neutrino energy

m M is the transition matrix element
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Transition matriz element

M= %ﬂB/ (p/) O€/<B/B)(p/7p) - OQ(B'B)(p/J?) UB(p) X ﬂl(k/)’-}/llr(l +75)’UVL (k)
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Transition matriz element

Vector operator

M= %ﬂB/ (p/) €/<B/B)(p/7p) - OQ(B'B)(p/J?) UB(p) X ﬂl(k/)’-}/llr(l +75)’UVL (k)



NuFac 016
L Antineutrino—Nucleon Scattering

Transition matriz element

Vector operator Axial vector operator

M= %ﬂB/ (p/) €/<B/B)(p/7p) - OZ(B'B)(p/7p)i| UB(p) X ﬂl(k/)’-}/llr(l +75)’UVL (k)
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Transition matriz element

Vector operator Axial vector operator
M= Gsap (') |0 g (0',p) — O (B,B)(p’,p)} up(p) X @k )yu(1+7s)vw, (k)

m G — G cosl. for strangeness conserving processes.

m G — G sinf. for |[AS| =1 processes considered here.
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Transition matriz element

Vector operator Axial vector operator
= Sup () |0 5 ) P',0) — Ol (B,B)(p’,p)} up(p) X @k )yu(1+7s)vw, (k)

m G — G cosl. for strangeness conserving processes.

m G — G sinf. for |[AS| =1 processes considered here.
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Transition matriz element
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Transition matriz element

Vector operator Axial vector operator

\/EUB/ (p ) €/<B/B)(p/7p) - OZ(B'B)(p/7p)i| UB(p) X ﬂl(k/)’-}/llr(l +75)’UVL (k)

m G — G cosl. for strangeness conserving processes

m G — G sinf. for |[AS| =1 processes considered here. ’
H / _ ¢B'B it qy 2
OV(B/B)(pyl (@) + W )+ MB—O—M’f\A Q).

Vector FF Magnetic FF

Induced scalar FF

B'B B 'B(H2 " B'B (2
OZ(B/B)(Z?/7P):91 (Q )7;175+ﬁ7592 (@ )+anm“/593 (@)



L Ant

016
eutrino-Nucleon Scattering

Transition matriz element

Vector operator Axial vector operator
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Transition matriz element

Vector operator Axial vector operator

= %ﬂB/ (ph?(L/(B/B)(pCp) - OZ(B'B)(p/7p)i| UB(p) X ﬂl(k/)’-}//‘r(l +75)/UVL (k)

m G — G cosl. for strangeness conserving processes. ’

m G — G sinf. for |[AS| =1 processes considered here.
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Transition matriz element

Vector operator Axial vector operator

= %ﬂB/ (ph?(L/(B/B)(pCp) - OZ(B'B)(p/7p)i| UB(p) X ﬂl(k/)’-}//‘r(l +75)/UVL (k)

m G — G cosl. for strangeness conserving processes. ’

m G — G sinf. for |[AS| =1 processes considered here.

Oé(B/B)(ple B( )Y+ Jifcrr,,)ng )+ ]\[B“’J\[’f\ (Qz)'

Vector FF Magnetic FF Induced scalar FF

B'B ic"” q, B’'B B'B
OZ(B/B)(Z?/7P71 (@) vus + Wz @)+ W%jga (@)
Axial vector FF Electric FF Induced pseudoscalar FF
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Scattering

nt Normalisations
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The siz form factors fi(q?) and g;(¢®) (i =1—3) are determined using

following assumptions about the weak vector and axial vector currents in

weak interactions:

(a) The assumptions of T invariance implies that all the form factors
fi(q?) and g;(¢®) are real.

(b) Assumed that AS =0 and AS =1 weak currents along with the
electromagnetic currents transform as octet representation under

SU(3).

(¢) fi(q®) (9:(¢%)) occurring in the matriz element of vector(azial vector)
current is written in terms of two functions D(q%) and F(q?)
corresponding to symmetric octet(SS) and antisymmetric octet(SA)
couplings of octets of vector(axial vector) currents.

The assumption of SU(8) symmetry and G—invariance together implies
absence of second class currents leading to
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Form factors: vector and azial vector

The assumption of SU(3) symmetry and CVC leads to the determination of f1(Q?)
and f2(Q?) in terms of EM form factors of the nucleon f¥(Q2) and f¥(Q?) and
91(Q?) is given in terms of two functions F4(Q?) and D4(Q?).

FF n— X" p— A
@) | (R@)+2/7(@2) _/EQ?)
R@) | (B@)+2/(Q) -3

(02 | PA@)-FA(Q?) 2 DA(Q*)+3F4(Q%) 2
91@7) | paonra0n94@)  ~ oA ira@eydal@)

F and D are determined from the semileptonic decays and are taken as 0.463
and 0.804 respectively.

2
@) 5 [GP' (a >—761” (a >]

2 —— [ @ - e @)
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Form factors: vector and azial vector

The assumption of SU(3) symmetry and CVC leads to the determination of f1(Q?)
and f2(Q?) in terms of EM form factors of the nucleon f1¥(Q2) and f¥(Q?) and
91(Q?) is given in terms of two functions F4(Q?) and D4(Q?).

FF n— X p— A

s ; -
We assume dipole form for the axial form factor

2y _ 94(0)

g4 (0) = D(0)+ F(0) = 1.267
Fand D a en as 0.463
and 0.804 ft:bpcudvmy. =

2
q
ACE —_— [G’g"mz) ——— G’;f(qz)}

2 (%) [eh ) - B )]




Form factors: pseudoscalar

m The pseudoscalar form factor g3 (Qg) is obtained in terms of axial

vector form factor g1 (Q2 assuming PCAC and
Goldberger—Treiman(GT) relation extended to strangeness sector.
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Form factors: pseudoscalar

m The pseudoscalar form factor g3 (Qg) is obtained in terms of axial

vector form factor g1 (Q2 assuming PCAC and
Goldberger—Treiman(GT) relation extended to strangeness sector.

m Marshak et al.(Theory of Weak Interactions in Particle Physics, Wiley-Interscience,
1969. ):

gNY(QQ) _ (my +my)? (g{VY(QQ)(m% +Q?) —m%g{\’Y(O))
3 = .

T
Q2 mi + Q2
m Nambu(Phys. Rev. Lett. 4, 380 (1960).):

(mn+my)? Ny

NY ;2\ _ 2
g5 (QF) = (m%(JrQQ) g1 (@)
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The last two columns correspond to the SU(3) symmetric values of the
Cabibbo model.

2 My, (Bp—Hn)
_(D+F) ﬁ+

1/ <
- (D+3F)

F =0.463, D = 0.804, pp = 1.7928, pn =—1.913
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o vs By, for v, +p— put + 30 process.
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cattering

INSIDE NUCLEUS

Fermi motion and Pauli blocking effects of initial nucleons are
considered.

The Fermi motion effect is calculated in a local Fermi gas model, and
the cross section is evaluated as a function of local Fermi momentum
pr(r) and integrated over the whole nucleus.

Inside the Nucleus: In the local Fermi gas model
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Fermi motion and Pauli blocking effects of initial nucleons are
considered.

The Fermi motion effect is calculated in a local Fermi gas model, and
the cross section is evaluated as a function of local Fermi momentum
pr(r) and integrated over the whole nucleus.

Inside the Nucleus: In the local Fermi gas model

Local Fermi momentum for neutrons and protons:
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pn(r) and pp(r) are the neutrons and protons local densities in the medium.
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INSIDE NUCLEUS

Fermi motion and Pauli blocking effects of initial nucleons are
considered.

The Fermi motion effect is calculated in a local Fermi gas model, and
the cross section is evaluated as a function of local Fermi momentum
pr(r) and integrated over the whole nucleus.

Inside the Nucleus: In the local Fermi gas model

Local Fermi momentum for neutrons and protons:

pr, = Brlon())3; pr, = Brlpp(r)]

pn(r) and pp(r) are the neutrons and protons local densities in the medium.

1/3

-

Differential scattering cross section

do 3 / d3p
——— =2/ dr
dQ2dE, / (27)?

ny (p,r) _do
M dQQdEl free7
<22 / 57
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FINAL STATE INTERACTION(FSI) EFFECT

The produced hyperons are further affected by the FSI within the nucleus
through the hyperon-nucleon quasielastic and charge exchange scattering pro-
cesses like

s A+n—X" +p,
n A—|—n—>20+n,
Y +p—Atn,
] E_+p—>20+n, etc.

This has been taken into account by using a MC code where Y-N scattering
xsec is the basic input, the details of the prescription is given in

PRD 74, 053009, 2006.
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FSI of hyperons

An initial hyperon is taken at a position r inside the nucleus which interacts
with a nucleon to produce a new hyperon state within a short distance dl
with a probability P = Py dl,

Py =0y 4nosp(B) pn(r) + 0y yps s (E) pp(r),

Py is probability per unit length
f—=Y (X or A) + N(n or p).
E is energy in of the hyperon-nucleon state in CM system.

pn(r)(pp(r)) is the local density of neutron(proton) in the nucleus.

S. K. Singh and M. J. Vicente Vacas,
2006 Phys. Rev. D 74 053009.
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Scattering
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<(1%2>N vs Q2 in 12C, % Fe and *>°® Pb averaged over MINERVA fluz.
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do 2 , i 40 Ao i e
<de2> s Q2 and <dT >N vs Ty in “PAr (per active nucleon N)
averaged over MicroBooNE fluz.

.
oo

=

(5

=)
T
=~

=)

<do/dT >, (107* cm?/GeV)

<do/dQ’>, (107 cm® / GeV™)

05
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HYPERON GIVING RISE TO PIONS

As the decay modes of hyperons to pions are highly suppressed in the
nuclear medium, making them live long enough to pass through the nucleus
and decay outside the nuclear medium.
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HYPERON GIVING RISE TO PIONS

As the decay modes of hyperons to pions are highly suppressed in the
nuclear medium, making them live long enough to pass through the nucleus
and decay outside the nuclear medium.

Therefore, the produced pions are less affected by the strong interaction of
nuclear field, and their FSI have not been taken into account.
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for 160 averaged over the SuperK flux for e & pT. The results are presented for the incoherent m
production with medium effect and pion absorption, and for the #~ production from the quasielastic

hyperon production
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Hyperons and their polarization in antineutrino reactions

36 / 57



2016

and their polarization in antineutrino reac

Hyperons and their polarization in antineutrino reactions

Measuring polarization effects in yN — 1Y scattering process may provide
a sensitive way to determine

m axial dipole mass M 4
. 2
m electric neutron form factor, G (Q“)

m pseudoscalar form factor in the strangeness sector: 93(Q2)
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Hyperon polarization

u(k)+ N(p) = ut (k) + Y (p)

N =n,p; Y=AX.

e
T
A Unit vectors along:
» |
m longitudinal direction, €7, = ‘g, = %
Py
m transverse direction, e = ‘]]_z,x’i/‘
X

m perpendicular direction, €p = €, X e
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s and their polarization in antineutrino reactions

Hyperon polarization

a R
m We assume T—invariance and the absence of second
class currents. )
m As the consequence of this, transverse component of the
polarization vector vanishes.
m The polarization vector lies in scattering plane defined [= %
It by k and &'
traIsverse dITCClIoI, €T =— — =
|Rx k|
m perpendicular direction, €p = €, X e
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1s and their polarization in antineutrino reactions

Hyperon polarization

In the covariant density matriz formalism, the polarization vector & of the

final hyperon is given as:

&= Tr[y" 75 py]
Trlpg]

where ~
py=LPAP)JoAD) TsAP)

is final spin density matrix.
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Hyperon polarization

The vector of the hyperon polarization £7 is given by

do g GZsin20, | (F+K)my AQ Es,)+ (k—K)B(Q* Ey,)
dQ? 8 mNmyE;“
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1s and their polarization in antineutrino reactions

Hyperon polarization

The vector of the hyperon polarization £7 is given by

do g GZsin20, | (F+K)my AQ Es,)+ (k—K)B(Q* Ey,)
dQ? 8 mNmyE;“

do G%sin? 6,

4o _ N(Q% Ey ),
dQ? ~ Stmy E2 (@ Fr,)
p

m Longitudinal component, PL(Q2) =7 £.er.

m Perpendicular component, Pp(QQ) = { ep.

Il
e

m Transverse component, PT(QQ)
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Components of polarization

Longitudinal component of polarization 3-vector

G% sin? 6. (E’%# - E‘ZL +mz) mYA(Q2’E’7u )+ |(j128(Q2,E17“)
87 |q| Eprmy E;:ZM

& PL(Q?) =

dQ?
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I—Hyperous and their polarization in antineutrino reactions

Components of polarization

Longitudinal component of polarization 3-vector

do %sinz 0. (E’%# - E‘ZL +mz) mYA(Q2’E’7u )+ |(j128(Q2,E17“)

87 |q1 Epmn E2
i

G
——Pr(Q%) =

dQ?

Perpendicular component of polarization 3-vector

_ Gsin®0. [F/| AQ°, By, )sing

47 |q] mnEp,




and their polarization in antineutrino rea

M 4 —dependence: dd’ng, Pr(Q?) and Pp(Q?) distributions vs Q2.
vup — utA at Ep =1 GeV.
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L Hyperons and their polarization in antineutrino reactions

M 4 —dependence: dd’ng, Pr(Q?) and Pp(Q?) distributions vs Q2.
vup — utA at Ep, =3 GeV.
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and their polarization in antineutrino rea

M 4 —dependence: dd’ng, Pr(Q?) and Pp(Q?) distributions vs Q2.
vyn — pty~ at By, =1 GeV.
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L Hyperons and their polarization in antineutrino reactions

M 4 —dependence: ddT;Z , Pr(@Q
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2) and Pp(Q?) distributions vs Q2.

— ptE" at By, =3 GeV.
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and their polarization in antineutrino reactions

G (Q?)~dependence: d‘gz, Pr(Q?) and Pp(Q?) distributions vs Q2.

vyn — X at Ep, =1 GeV.
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1d their polarization in antineutrino re

G (Q?)~dependence: d‘gz, Pr(Q?) and Pp(Q?) distributions vs Q2.

vyn — X at Ep, =1 GeV.
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GL(Q?*)~dependence: %,PL(QQ) and Pp(Q?) distributions vs Q.
vyn — pty~ at By, =3 GeV.
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and their polarization in antineutrino reactions

Pseudoscalar FF, g3(Q?): ddng Pr(Q?) and Pp(Q?) distributions vs Q.

vup — uA at Ez, =0.5 GeV.
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nd their polarization in antineutrino r

Pseudoscalar FF, g3(Q?): ddng Pr(Q?) and Pp(Q?) distributions vs Q.
vyn — pty~ at E;, = 0.5 GeV.
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nd their polarization in antineutrino r

ko , PL(Q?) and Pp(Q?) distributions vs Q2.
vup — A averaged over MicroBooNE spectrum.
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nd their polarization in antineutrino r

ko , PL(Q?) and Pp(Q?) distributions vs Q2.
vup — A averaged over MINERvVA spectrum.
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