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Qualitative Comparison
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NUCLEAR MODEL
RIECGHIVIS S USTs
ONE-BODY CURRENT - MODIFIED SHELL MODEL

momentum distribution initial-state nucleon’s
ke~225 MeV/c momentum distribution, k.,
Eg~25 MeV is uniform in between 0 and

ke

SF |
k., is non-uniform in the
spectral function theory, and

yields a much better
ZICECEEA:  prediction to the measured

k [GeVic]

electron cross-section than
RFGM
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NUCLEAR MODEL
RIECGHIVIS S USTs
ONE-BODY CURRENT - MODIFIED SHELL MODEL

50 probability density the spectrum of each shell is assumed to
be delta-function like

correlation

removal energy is averaged to be one
constant parameter for each struck
nucleon

in reality, the spectrum instead is a
gaussian distribution

“ the overlapping of gaussian tails in
04 0. : : : between two adjacent shells leads to
k [GeVic] i .
the (position) correlation

removal energy is correlated to k_
(momentum-dependent)
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NUCLEAR MODEL
RFG VS.

Short Ran ge Correlations no nucleon-nucleon (short-range) correlation

JLab *C(e,e'pN) experiment effects considered

1.7 fm separation
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courtesy of S. Wood, JLah @ NUINT’07 talk
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Quantitative Comparison
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Impulse approximation at nucleons QE interaction
the interaction (primary)
vertex

O

neutrino

nucleons (A-1) spectator
system

momentum distribution

e ke~225 MeV/e
: i Eg~25 MeV

RFG model

3 — e -
+{6(ke — [B1)6(v/m? + B2 —m — Ep + E)
4Tk .

step function energy-momentum conservation
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nucleon-nucleon .

.. ., . Impulse approximation at
initial interaction

. the interaction (primary)
vertex

nucleons

O— ucleons ° 0

. neutrino
heutrino

before interacting
w/ beam particles e O nucleons

P(|Bl, E) = (<™ Ar[*Ar,p > [26(Ew, — Eso pp —my, + E)

probability amplitude of knocking out one nucleon energy-momentum conservation

QE interaction nucleon

(A-1) spectator
system
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CROSS-SECTION

elementary process of each isolated nucleon

d?o 5
o< L, (k, E"YWH (p,D + q)

dw dQ k/ N beam particles + struck nucleon +

outgoing leptons residual nuclear system

#® the differential cross-section is composed
of two separate parts: the lepton tensor
and the target structure tensor (nucleon
form factors) and is a function of (q, w)

# the total cross-section is the incoherent
sum of differential cross-sections for
different elementary scattering processes

Chun-Min (Mindy) Jen, Center for Neutrino Physics, Virginia Tech
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NUCLEAR MODEL IN CROSS-SECTION

o

pT(k) (E, =1.GeV. axial current off. FS| off) &g in RFGM, nucleons sitting around Fermi sea
~ .GENIEv.2.8.0+VT, are most likely to interact with beam
particles

n
A
o
o

Relativistic Fermi Gas
Spectral Function

GENIE "gst" root file

“the interaction probability” plays an
- | important role in determining the
0.10.2 8-3 0405060708 contribution to every elementary cross-
Phlk) IGeV '] section for each struck nucleon
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Electron Validation

. Electron Data, FSI
v s SF - GENIE v.2.8.04VT, FSI
SF - GENIE v.2.8.04vT, no FSI
* SF - O. Benhar's calc., no FSI

® Electron Data, FSI
s w SF - GENIE v.2.8.04vT, FSI
SF - GENIE v.2.8.04VvT, no FSI
* SF - O. Benhar'’s calc., no FSI
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Electron Validation

N
o

®  Electron Data, FSI i ®  Electron Data, FSI
v s SF - GENIE v.2.8.0+VT, FSI v s SF - GENIE v.2.8.0+VT, FSI
SF - GENIE v.2.8.0+VT, no FSI wess SF - GENIE v.2.8.04VT, no FSI
* SF - O. Benhar’s calc., no FSI * SF - O. Benhar'’s calc., no FSI
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(c) e+ Ca— € + X, E.=0.841 GeV, 0.=45.5 deg (d) e+ Ar — € + X, Ee=0.7 GeV, 0.=32 deg
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RFG - IA result, No FSI
» 0. Benhar’s calc.
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(a) v+ O — p+ X, GENIE 2.8.0 + vT', no Pauli Blocking, no FSI (b) v + Ar — p + X, GENIE 2.8.0 + vT', Pauli Blocking and FSI
included

FIG. 7. (Color online). Comparison of the differential CCQE cross sections do/dE, of oxygen (a) and argon (b) at neutrino
energy E, = 800 MeV, obtained using GENIE 2.8.0 4+ vT with RFGM and SF.
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Experimental Setup - Simulation

deal and perfect near detector (**C or 1°0), 1 km, 1kton

ar detector at 295 km, 22.5 kton

— Oxygen

— Carbon (RFG and SF)

Use T2K flux, peak at 0.6 GeV, 750kW, 5 years running

Use SK reconstruction efficiency as function of energy

Use migration matrices produced by GENIE 2.8.0+VvT

Migration Matrix is reconstructed energies as a function of true energies

Muon neutrino disappearance only -> fit to atmospheric
CEICINEES
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Neglecting all FSI and multinucleon contributions, we can

compute the number of events as:

NP = 6op(Ei)¢(E:) P, (E:)

3

However, in practice we will observe a different distribution at the

detector, given by:

NiQE—like _ EMgENjQE + Z ZM{;on—QEN;wn—QE
7 non—QE j

However, an intermediate situation would most likely take place:

N:est(a) — aNiQE + (1 - a)NiQE—like
Coloma and Huber, 1307.1243 [hep-ph]
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Conclusions

Argon spectral function already exists in GENIE (not yet released)

Comparison to another neutrino event generator is already done;
GENIE outputs are consistent to NuWro’s

However, due to the lack of knowledge in Argon nuclear structure,
more electron data are needed.

Chun-Min (Mindy) Jen, Center for Neutrino Physics, Virginia Tech
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Thanks for your attendance ...

Numerical Implementation of lepton-nucleus interactions and its effect on neutrino
oscillation analysis

C.-M. Jen," A. Ankowski,? O. Benhar,'** A.P.Furmanski,® L. N. Kalousis," and C. Mariani'

! Center for Neutrino Physics, Virginia Tech, Blacksburg, VA 24061, USA
2 Department of Physics, Okayama University, Okayama 700-8530, Japan
¥ University of Warwick, Department of Physics, Coventry, United Kingdom
(Dated: April 4, 2014)

We discuss the implementation of the nuclear model based on realistic nuclear spectral functions
in the GENIE neutrino interaction generator. Besides improving on the Fermi gas description
of the nuclear ground state, our scheme involves a new prescription for Q? selection, meant to
efficiently enforce energy momentum conservation. The results of our simulations, validated through
comparison to electron scattering data, have been obtained for a variety of target nuclei, ranging
from carbon to argon, and cover the kinematical region in which quasi elastic scattering is the
dominant reaction mechanism. We also analyze the influence of the adopted nuclear model on the
determination of neutrino oscillation parameters.

PACS numbers: 14.60.Pq, 14.60.Lm




