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« Detailed microscopic cross sections calculations for QE(-like) scattering
 Influence of long-range correlations

 Iinfluence of short-range correlations in 1- and 2-nucleon knockout processes
 Influence of seagull and pion-in-flight MEC contributions
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Dip region : multinucleon mechanisms
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Cross section calculations

E
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reaction plane
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Inclusive QE 1-nucleon knockout cross sections
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2-nucleon knockout :
do™ PabEaEy 1 x
= - OF
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SRC nn + np (initial pairs) 1 MEC nn + np (initial pairs) . Strength res|d|ng in
restricted part of
phase space

~ nn OVE
* Dy =Dy
* Quasi-deuteron
kinematics
Figure 4.5: The IEG(U“. 1 NoNy) cross section (N, = p, N = p/, n) at €y, = 150 MeV,
€y = 550 MeV, 8, = 15° and T, = 50 MeV for in-plane kinematics. Left with SRCs, right
with MECs, the bottom plot shows the (#,. ;) regions with Pja < 300 MeV /c.
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Long-range correlations : Continuum
RPA

*Green’s function approach

«Skyrme SKE2 residual interaction

eself-consistent calculations
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Solving the RPA equations in coordinate space :
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What we really need is transition densities :
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H.1

So in the end we have to solve a set of coupled equations, that after discretizing on a
mesh in coordinate space, translates into a matrix inversion for the transition densities:
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Short-range correlations
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The short-range repulsive character of
the nuclear force, which correlates with
the Pauli exclusion principle, results in a
large mean free path of the nucleons with
respect to the size of the nucleus
In an independent particle model
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other in a mean field
This approach fails to capture short-range
features of nucleon-nucleon correlations
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|. Towner, Nucl. Phys.A542, 631 (1992)

Axial contributions :
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* Final state interactions :

-taken into account through the calculations of the wave function of the outgalepn in the (real)
nuclear potential generated using the Skyrme force

-influence of the spreading width of the particle states is imgrésa through a folding procedure

~ 121 [MeVic), Q2 ~ 0.015 [(GeVic)y] g ~ 586 [MeVic], Q° ~ 0.315 [(GeVic)]
q
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*Reqularization of the residual interaction :

q =121 [MeV/c], Q° = 0.015 [(GeV/c)’]

q = 508 [MeVic], Q° = 0.242 [(GeVic)]
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*Relativistic corrections at higher energies (J. Jeschonnek @&ahmelly, PRC57, 2438 (1998)):

—— Uncorrected Shlft :
Relativistic shift
A=>AA+1) A= w/2Mp
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*Relativistic corrections at higher energies (J. Jeschonnek @&ahmelly, PRC57, 2438 (1998)):

—— Uncorrected
Relativistic shift
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*Coulomb correction for the outgoing lepton in charged-current interactions :
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v' Low energies : Fermi function
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27
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v High energies : modified effective momentum approximation (J. Engel5PR@04 (1998))
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121 [MeV/c], Q2 = 0.015 [(GeV/c)]

q = 95 [MeV/c], @° = 0.009 [(GeV/c)’] q

N I B T T 1 T T T [ -

B} l: | | . 15m[— | 0 | — Fermi gas
» E = 160 MeV, 6 = 36° L E = 200 MeV, 6 = 36 _
Em“__ -1 ¢ n Hartree-Fock
S - —{ 1000— —
< C 1 E .
g’mm—— ] L _
% — —  500—— ]
s C 1 C ]
v L - E

| [

%o 50 100 % 50 100
o (MeV) o (MeV)

q = 508 [MeV/c], Q* = 0.242 [(GeV/c)] q = 675 [MeV/c], Q* = 0.408 [(GeV/c)’]

||||||| _|||||||||||%
= = — | ]
; E = 560 MeV, 6 = 60° E = 1108 MeV, 6 = 37.5"
© 5—
=
E=] |
£
- |
=
3
E —
1=
N L
—
It
GHENT NATALIE JACHOWICZ NUWRO WORKSHOP, WROCtLAW, DECEMBER 4 2017

UNIVERSITY



Hartree-Fock
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q ~ 576 [MeV/c], @® ~ 0.305 [(GeV/c)E] q ~ 508 [MeV/c], Q% ~ 0.242 [(GeV/c)]  q~ 795 [MeV/c] 02 ~0.548 [(GeV/c)] g~ 610 [MeVic], Q2 ~ 0.340 [(GeV/c)]
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d?c/dwdQ(nb/MeV sr)
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q~ 916 [MeV/c], @ ~ 0.700 [(GeV/c)*]
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* Good overall agreement with e-scattering data

P. Barreau et al., Nucl. Phys. A402, 515 (1983), J. S. O’Connell et al., Phys.
Rev. C35, 1063 (1987), R. M. Sealock et al., Phys. Rev. Lett.62, 1350
(1989).,D. S. Bagdasaryan et al., YERPHI-1077-40-88 (1988),D. B. Day et
al., Phys. Rev. C 48, 1849 (1993).,D. Zeller, DESY-F23-73-2 (1973).
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general
agreement
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agreement for
forward
scattering
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strength for
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 Good general
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scattering

* Missing
strength for
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electron vs muon
neutrinos
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Influence of HF-
CRPA on energy
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* Long- and short-range correlations in QE-like cross
sections

e CRPA calculations provide extra strength for forward
scattering arising from low-energy excitations

* This might affect CCQE neutrino cross sections as
measured by MiniBooNe, T2K, ...

e SRC and MEC affect 1- and 2-nucleon knockout
processes
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