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MOTIVATION

» Why Is this process important from the point of

view of neutrino studies?
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MOTIVATION

* For neutrino oscillation analysis: an important
source of pion production (E<600 MeV)

» Estimate the role of nuclear effects in the strange

paryon electroweak production

» ground state (spectral functions vs Fermi gas)

» Internuclear cascade for outgoing hyperons

S.K. Singh, M.J.Vicente Vacas

Phys.Rev. D74 (2006) 053009



THREE INGREDIENTS
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IMPULSE APPROXIMATION
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FORM FACTORS

Form factors are obtained assuming SU(3) symmetry

X octet of hyperons
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Eckhart-Wigner theorem: the most general SU(3) invariant matrix element

build from three octets of SU(3) has 2 possible terms (symmetric and
antisymmetric).




FORM FACTORS

N — Y vertex has axial-vector structure with 6 form factors
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FORM FACTORS

N — Y vertex has axial-vector structure with 6 form factors

obtained from N — N form factors
(combination of F D experimental
values and Clebsh-Gordan coefficients)




FORM FACTORS
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small lepton mass
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FORM FACTORS
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small lepton mass
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GROUND STATE
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GROUND STATE (1)

» Semi-phenomenological model for nucleon self-energy 2(p, E) In
nuclear medium, satisfying low density theorem.

NN interaction taken
from scattering data

polarisation effects using

emplirical spin-i1sospin
interaction
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GROUND STATE (I

* Spectral functions:

SLDA(p E) = + 1 |m2(p, E)
b A
E T (E—p2/2m— ReZ(p,E))2+ ImZ(p, £ )

* Local density approximation (LDA)
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GROUND STATE (Il

* Impulse Approximation
2
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GROUND STATE (II)

* Spectral function has two contributions:

Sy (P, E) = S,"(p, E) + §;”"(p, E)

 Modified mean-field scheme:

SIP.E)= ) Z,|(p) P F,(E - ¢,)

a€F} sum over single particle states

» Correlated Basis Function for nuclear matter (LDA)

region of the SF

szorr(p, E) L Jdr3 ,OA(I”) SZ?l(I}M(p’ E, pA) high energy and momentum

O. Benhar; A. Fabrocini, S. Fantoni, and |. Sick,
Nucls PhystATSiiaetas




COMPARISON OF TWO
APPROACHES
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BEUMPARISON OF SPECT .
FUNC TIONS
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BEUMPARISON OF SPECT .
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TERNUCLEAR CASCAETS

e erite Carlo cascade (MCCO)

* semi-classical approach to describe
final state interactions of outgoing
hyperon

* In this approach, the cascade does not

influence kinematics of outgoing lepton

do
d cos Od g

* generate events according to
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INTERNUCLEAR CASCADE

generate primary vertex v
make the first step of outgoing hyperon

"l repeat steps while hyperon is still inside

nucleus

@ hyperon's kinetic energy below 30 MeV
hyperon gets out of nucleus
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INTERNUCLEAR CASCADE
o

produced
hyperon

at distance r
with
momentum p’

SEMI-CLASSICAL PROCEDURE:

VWe divide the hyperon’s path through the nucleus into small
steps.
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INTERNUCLEAR CASCADE

Nno INteraction

.
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new hyperon
new direction



INTERNUCLEAR CASCAESS
DNE STER

What is the probability of interaction of hyperon Y| on the way dl?

Generate a nucleon from the

| we calculate Ej;
Fermi sea Ty ot

For each possible final hyperon Y [T e TR AIAL 0y
calculate the probability of +Pn0(y; +n Vit Vi) (Biny)
interaction (per length)

O taken from scattering data

Calculate the total probability of -3 N P

interaction.
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INTERNUCLEAR CASCAESS
DNE STER

e L el z<0,1] z>) Pidl
check if interaction took place ;

Randomly choose one interaction Prorn @ Passno @
channel. Pro=-@ FL

Generate direction of new

hyperon. Check It outgoing
nucleon Is above Fermi level.
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RESULTS (1)

total cross section

o/Z [107%° cm?]

3.0

7, A O = o R K

il

effects of MCC and ground state
correlations are comparable

More A after MCC is switched on:

>* Y are heavierso ¥ — A
has bigger available phase space



RESULTS (I

total cross section

VA = e

Clebsh-Gordan relation o0, +A = p" + 27 +X) o
between the form factors (7, R = e 2

(MCC modifies this relation)
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RESULTS (I

total cross section

a/Z [1074° cm?]

0.5 1 1.5 ) 2.5 3
E; [GeV]

0.5 1 1.5 2 2.5 3
E; [GeV]

produced

through
MCC

Internuclear cascade does not change the total cross section when summed
over all hyperons.



RESULTS (1)

V, 100 = B0+ pt + X 7,150 > A+t + X
10
Il a 9 |
7
i G 8 i
a7 ]
_ og 61 ]
n <t
Lot ]
] N /
N f
| gl |
~
] S 1f |
0 1 | T N
1 0 0.2 0.4 0.6 0.8 1
Q? [GeV?]
7, +P00 o>t +put + X
0.18 . | | |
& } LFG+MCC ---—---
] > 0.16 1 , DRI ——
3 0.14 Y, CBF SF+AMCC —-- ]

1 0 0.2 0.4 0.6 0.8 i

57 Q? [GeV?] E e 1 GeV




RESULTS (111

e OEEE ER XGE —  GeV

140 ‘\‘\\ T T T T LFG BT |
= CBF SF -
) i)
o 120 | i \\ g
S
= 100 | ]
o i)
T 80 i MCC 7
S A\
‘ E 60 ,f'“\:_"-q}* d
%ﬂ& 40 I'I"" M\\‘*\‘
= i RN |
? 20 \tl\
/ NS 1
N NO MCT"—___
0 1 1 ————=r e
0 0.1 0.2 0.3 04 0.5 0.6
Ef:in [GeV]
7, O = 2 e R e €
30 T T T T T
ot *~ NO MCC CBFLFSCFJ ------
% 2 5 Ill// gt -\\\ d
- 20 / ; ' \"\“\ d
CE) /"’ \
g Il l‘\ \\
L 15 |/ |
.g. ':l' .' \“\\\ “\\\\\
o 1 N \“\\
:EJE £ l" ) ’\?\?\ \\\ |
~3 I \\\Q& ‘\\
~ ] =N AN
b 5 i }%.\ N 7]
ISHNE THEEREN - -
O 1 1 1 h\‘*‘:——%-—ﬂ—
0 0.1 0.2 0.3 0.4 0.5 0.6
EY [GeV]

_

~

« different behaviour
for A /X7, 3V

~

shaded region: the
results are not
trustworthy

MCC redistributes

hyperons towards
lower energies

J

28

p,, = O S R =

20 T T T T T
\ LEG —-
= B CBE ST
@) N
15 | 4 .
oo |} t\NO MCC
(&) ::‘\Il \\
o Wl N
T lk'\\ /! ‘\‘\\\\
o 10 1 B )
AL A N
= ,,,": ""\\ \‘\\\
> g TN N
Lﬂ 5 ,':.' \.:\\ \‘%,. i
3 ,':: '\\\ \
e ) R S
S s i
0 MCC | B TT——— e n
0 0.1 0.2 0.3 0.4 0.5 0.6
Ef:in [GeV]
7, -0 O = S S
10 T T T T
‘ LFG+MCC ——
= | CBE SF--MCC -~
@) 8 '.\‘| ]
~ M
S \
S o6 i
F |
| \
s |
=l |
&) \
S A J
Wi B
< 0 \\\\% |
0 0.1 0.2 0.3 0.4 0.5 0.6



OUTLINE




MOTIVATION FOR Ac WEAK
PRODUCTION

BB cKoroUna Tor rare processes (e.g. trident proeesses
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INPUT DATA

* In the limit of unbroken SU(3) we can relate the form-
factors for A, - A and A, — N with a tlavour SU(3)
rotation (CG coefficienty/3/2 )

s alse form factors from t

the experimental resu

1S

ne models consistent with

BESIIBR = (3.63 £0.38 £ 0.20) %

* Some groups give predictions for both A, - Aand A, > N

@ actors
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MODELS USED IN THE
COMPARISON

Lattice QCD BR: 3.80+/- 0.19%

ERNERERE S Rev. D97, 03451 | (201 8)
EREEREe s Re v Lett. ['18, 082001 (20 7)

Covariant confined quark model BR:2.78%

1. Gutsche, M. A. Ivanoy, |. G. Korner, V. E. Lyubovitskij, and P Santorelli, Phys. Rev. D90, | 14033 (2014)
1. Gutsche, M. A. Ivanoy, J. G. Korner, V. E. Lyubovitskij, and P Santorelli, Phys. Rev. D93, 034008 (2016)

Nonrelativistic quark model (HO basis) BR: 3.84%
M. M. Hussain and W. Roberts, Phys. Rev. D95, 053005 (2017)

MIT bag model and NRQM BR: 3.00%, 3.66%

R. Perez-Marcial, R. Huerta, A. Garcia, and M. Avila-Aoki, Phys. Rev. D40, 2955 (1989)
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IMPORTANT REMARKS

» Forthe decays Q€ (-1.4,0) GeV*  (©@*=7%-0o?)

 We extra
Q2>0 taki

Be ale Torm-facie

s to a region of

ng care that we ¢

o not go too high

* We Iimit our calculation to Ev<5 GeV (Minerva,

DUNE peak energy)
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The bulk of cross
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VARIOUS MODELS FOR FORM
P CORS

j—; in different models:
g* dependence of the

form factors
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FORM FACTORS

» Restrictions when using the same form factors:
sNjiited to the data at Q<<0 (decay), while Used ioFEE S

» Different contributions coming from distinct form

factors in decay processes and cross section (some are
not as much constrained)

B Dreaking effects are on the level of 20-3076
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RESULES
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CONCLUSIONS

Strange hyperon production

cascade (total cross section, energy

. , » First predictions of A,
distribution of outgoing hyperons)

broduction with models

» ground state description affects constrained with BESII| BR
dcoj‘;dqg does not affect much g2 A e
distribution
- Large dependence on the form-
» Two spectral functions give similar factors parametrisation
predictions (theoretical uncertainty)

- No Input data to simulate
Internuclear cascade
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Q2 DEPENDENCE OF I HE
FORM FACTORS
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CHORUS result for E=2/7 GeV

o(\,)
o(CCO)

= (1.54 £ 0.35(stat) £ 0.18(syst)) x 1072



PION PRODUCTION FROM
HYPERONS
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FIG. 10. Cross section for 7w production via an intermediate
hyperon induced by a muonic antineutrino divided by the num-
ber of protons as a function of the antineutrino energy. Results
compared with pions produced via A excitation.
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