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Lepton-nucleus reaction mechanisms
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A Mean Field for the nucleus
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Hartree-Fock Mean Field
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Multinucleon mechanisms
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Multinucleon mechanisms : experimental evidence
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Multinucleon effects are crucial to explain experimental data, especially
in the dip region

ESSnuSB energy range allows for 2p2h knockout processes

In the lower energy range of the ESSnuSB flux, nuclear effects will be
relevant
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T2K flux-folded inclusive cross sections
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* T2K flux-folded double differential cross
sections per target neutron for v -CCQE
scattering on 12C

* Comparing ab-initio calculations with
mean-field-based calculations

* Include long-range correlations in CRPA
and added (SuSA) 2p-2h contributions

N. Jachowicz, A. Nikolakopoulos, EPJ Special Topics 230, 7803
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ESSnuSB cross sections
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Multinucleon effects (1) : Short range correlations
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» [he nuclear medium is a rather dense
quantum liquid

C. Colle, PhD, UGent 2017
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Multinucleon effects (1) : 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 nucleons move
independently from each other in a mean field
This approach fails to capture short-range features
of nucleon-nucleon correlations
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Quasi elastic versus multinucleon mechanisms : short range correlations
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Multinucleon effects (2) : MECs
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1p1h including SRC & MECs : e-scattering
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2p2h e-scattering
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1p1h+2p2h inclusive e-scattering
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2p2h inclusive e-scattering
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2p2h inclusive e-scattering
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SRC & MECs : neutrinos

12¢, q = 300 MeV/ 12, q = 400 MeV/ 12¢, q = 550 MeV/
-9 evic -4 evie -4 evie 126, q = 300 MeV/c 12G, q = 400 MeV/c 120, q = 550 MeVic
40 T T T T T 20 T T T T T T 6 T T T T T 40 o5 12
35 |- cee (1pih)IA T - .- (ipih) IA+SRC 5k ——— (2p2h) SRC - reror el e ro ot eror o r
— 3 p 4 5k i \ - gg T s--- (pih)IA | 5oL ---- (1p1h)IA+SRC+MEC | 10}  — (2p2h) SRC+MEC
z Ar S 25 8
S, ‘132 - ir 7 8 20} 6
= B S,
2 s _ 15 |
= 10 k = ol 4
1 - =
5 s [ . 2
0 ] =1 1 1 0 TS 0 Youod 1 Toedeo 01 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400 0 100 200 300 400 500 0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400
250 T T T T T 160 T T T T T 1 100 T T T T T 250 T T T T T 160 — 1T T 100
200 |~ (1pth+2p2n) IA+SRC | 140 7 i - 00 | —— (ipth+2p2h)1A«SRC | 140 | 1 &
— 120 — . MEC | 120 \
> 150 100 . = 150 | - 100 60
o 80 o, 80
+ 100 60 - — 100 [ 1 0 40
= 50 40 i ® sl 1 » 20
20 20 -
0 0 I 0 0 [ T | 0
500 0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400 0 100 200 300 400 500
' ' 0 rot T T 0 T 0 =TT T
-20 - -20
- - -40 — n = -50 - -40
> -60 - 4 2 -60
; |5 : :
- i . P -
= -100 = 150 | 120
- -120 |- -
-1 -140
-140 ] 200 1 ] ] ] 1 160 R T T N R B 100 1 1 ] ] 1
200 1 1 1 1 1 160 I R R R B 100 L 1 L 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400 0 100 200 300 400 500
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400 0 100 200 300 400 500
w [MeV] w [MeV] w [MeV]
w [MeV] w [MeV] w [MeV]

Kajetan Niewczas PhD Thesis 2023

Natalie Jachowicz Two-nucleon effects at ESSnuSB energi ESSnuSB Annual Meetin , Uppsala, October 6, 2026



12C, &y, = 750 MeV, &, = 550 MeV, 8, = 15°
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2-nucleon knockout for ESSnuSB

Flux-folded cross sections on as a function of lepton kinematics :
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* 2-nucleon knockout constitutes a non-trivial part of the cross section

* 2-nucleon processes tend to result in leptons that are on average lower in energy and more forward

than QE processes
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2-nucleon knockout for ESSnuSB
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2-nucleon knockout for ESSnuSB

— 2p2h flux folded
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Mean Field + SRC +MECs :
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Summarizing ...

* 2-nucleon knockout processes constitute a non-negligible contribution to neutrino interaction cross sections in the
energy range of few 100 MeVs
* If only the outgoing lepton is detected or when one of the nucleons is reabsorbed or goes otherwise undetected, the
process will mimic a QE event and complicate energy reconstruction °
@

.

 The energy range covered by the ESSnuSB flux presents some challenges with regards to the cross section modeling
since nuclear effects are more prevailing than for experiments at higher energies

* Out-of-the-box generator studies are likely to fail to capture the details of these processes

* The lack of experimental constraints constitutes an important challenge for detailed microscopic modeling of SRC
and MEC processes

 The energy range and intensity of the ESSnuSB flux offer unique opportunities for studying these processes and
provide cross section information for the neutrino community
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