Low-energy excitations to quasielastic scattering
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Formalism Results

Introduction



Formalism: HF-CRPA approach

= We start by describing the nucleus with a .
Hartree-Fock (HF) approximation. The mean-
field (MF) potential is obtained by solving the % ﬁ

HF equations and using a Skyrme (SKE2)
two-body interaction.

)
I

= Once we have bound and continuum single-
nucleon wave functions, we introduce long-
range correlations between the nucleons
through a continuum Random Phase
Approximation (CRPA).

= RPA equations are solved using a Green's
function approach.
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Formalism: HF-CRPA approach

= The Skyrme (SKEZ2) nucleon-nucleon interaction,
which was used in the HF calculations, is also used to perform
CRPA calculations. That makes our approach self-consistent.

IRPA) (21, 29, E,) = H(“)(Tl.,irz'E,)

/d’rd’r’H“ r, 2 E,) e IIEPA) (2 o

= The effects of final state interactions (FSI) of the ejected nucleon
with the residual nucleus, the distortion of the ejected nucleon
waves, are taken into account.
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Formalism: Folding procedure

= A limitation of RPA formalism at lower energies:
— energy position of the giant resonances is generally well predicted

— width is underestimated
— height is overestimated

Folding
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L(w,o

lw=or o
21 | (0 — ') + (I'/2)?

CRPA: Without Folding, CRPA: With Folding

q ~ 95 [MeV/c], @° ~ 0.009 [(GeV/c)’]
I B R B

|| | E=160 MeV, 6 = 36° ]

&
s

d’c/dwdQ (nb/MeV sr)
e o
=] s

——
_—

e

50 100

q ~ 610 [MeV/c], Q* ~ 0.340 [(GeV/c)]
T T
E = 680 MeV, 6 = 60°

]

]

d’c/daodQ (nb/MeV sr)

7III|IIII%II|IF

='_|_TII|IIII|IIII|1_I_

=

q ~ 121 [MeV/c], Q% ~ 0.015 [{(GeV/c)]
| [ | [T T | |

1500

T ——

||] E = 200 MeV, 6 = 36°

i

1000

500

2

100

q ~ 586 [MeV/c], Q% ~ 0.315 [(GeV/c))]
L

E = 961 MeV, 6 = 37.5°

o
IIII|IIII

Formalism

6/26




- Formalism: Relativistic corrections -

= Non-relativistic model — higher energies (~GeV) — problem!

'‘Semi-relativistic' modeling
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(S. Jeschonnek and T. W. Donnelly, PRC57, 2638
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Formalism: Regularization of the residual interaction

= SKEZ2 interaction — optimized against ground-state and low-excitation energy

properties

— at higher Q2, unrealistically strong!

V(Q%)

With A = 455 MeV, optimized with

a x4 fitting of theory-experiment
comparison from low w up to the
QE peak, over broad set of available
data on A(e,e’) scattering.
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Formalism: Coulomb correction for outgoing lepton -

= Effect of coulomb potential of the nucleus on the charged lepton:

— Low energies: Fermi function

— High energies:

F(Z,E)
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a Comparison with electron scattering data: *2C (e,e’)
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Comparison with electron scattering data: **C (e,e’) 3
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Comparison with electron scattering data: ?C (e,e’)
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N Longitudinal and Transverse structure for *C (e,e’)
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u Comparison with electron scattering data: **O (e,e’)
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Comparison with electron scattering data: *°Ca (e,e’) |

HE q ~ 533 [MeV/c], @° ~ 0.265 [(GeV/c)’]
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> Good overall agreement with electron scattering data on variety of
nuclear target (**C,'°0O, *°Ca ) from low-energy excitations to the QE
region, validates the reliability of our approach.
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Comparison with MiniBooNE vu'CCQE-Iike' data
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Comparison with MiniBooNE ‘_’u 'CCQE-like' data N

HE NRARRNRRRRNRRRE T T T rrr] I I N B L
CRPA | 200 < T, <300 MeV__ | 400 <T, <500 MeV _ 10E 600 < T, < 700 MeV_| - 800 < T, <900 MeV_ -
- :}7— - 10—
a 5_— ' B N /
> B B N
(5] 5_ 5—
> — B =
N | -
= n i B N
go Gl"' AR 0 o AN
L 0 0.5 1 0.6 0.8 1
. coseH coseLL
N’
N
o I;IIII - L I I T T 1 - BENRERERRRNE
8 10 0.8 <cosf, <0.9 — [ 0.6<cosf, <07 2'_ 0.2<cosf, <0.3 _
; : : 3 + E : + :
S - . = + - - -
=L 1 r . - .
x= o a1 F N\ 3 - - .
O B ~ 2— — — /"\ —
T - . - 47 - -
v = — — — - - —
N R 0 ol L1 | L DT
0 500 0 500 0 200 400 600
TH(MeV) Tu(MeV) Tu(MeV)
Results 17/26



Comparison with T2K vIJI Inclusive QE data
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Total cross section: comparison with MiniBooNE and T2K CCQE data
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Impact of low-energy excitations: Forward scattering (fixed energy)
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Impact of low-energy excitations: Forward scattering (CL vs T)
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- Impact of low-energy excitations: CRPA vs RgFG
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| Impact of low-energy excitations: Forward scattering (flux-folded) |
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Impact of low energies: v_vs vV
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Impact of low energies: v_vs v
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Summary N

= We present a CRPA approach for QE electron- and neutrino-nucleus
scatterings. The model is validated against electron scattering data.

= We compare flux-folded neutrino-nucleus cross-section predictions with MiniBooNE
and T2K experimental measurements. Our calculations successfully describe
the gross feature of the measurements but underestimate the data. Missing
strength can be associated to the processes beyond QE (np-nh, pion production,
etc.), not present in our description.

~| Impact of low energies

= \We draw special attention to the contributions emerging from low-energy nuclear
excitations (w < 50 MeV), which remain inaccessible in the RFG-based Models,
especially for forward scatterings.

= \WWe compare electron-neutrino and muon-neutrino cross sections, relevant for
vV, 7V, oscillation studies, we observed some non-trivial behavior at low energies.
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