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Needs a precise understanding of 
interactions to maximize performance.

More exclusive measurements are coming! 
‣ Low-energy particles 
‣ neutrons via capture

Strongly affected 
by nuclear effects

https://www-sk.icrr.u-tokyo.ac.jp/sk/
https://www-sk.icrr.u-tokyo.ac.jp/hk/
https://doi.org/10.1016/j.nima.2019.05.024
https://www.fnal.gov/
https://www.t2k-experiment.org/
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Table 2. Fit parameters for AN (ξ), the LaGrange portion of the new parameterization. Note A25
Mn, A25

En, and A25
FA are con-

strained to have d
u = 0 at ξ = 1, and A43

Mn, A43
En, are constrained to have d

u = 0.2

ξ, Q2 p1 p2 p3 p4 p5 p6 p7
0,0 0.167, 0.029 0.333, 0.147 0.500, 0.440 0.667, 1.174, 0.833, 3.668 1.0,∞

AEp 1. 0.9927 0.9898 0.9975 0.9812 0.9340 1.
AMp 1. 1.0011 0.9992 0.9974 1.0010 1.0003 1.
AEp-dipole 1. 0.9839 0.9632 0.9748 0.9136 0.5447 –0.2682
AMp-dipole 1. 0.9916 0.9771 0.9801 1.0321 1.0429 0.5084

A25
Mn 1. 0.9958 0.9877 1.0193 1.0350 0.9164 0.7300

A43
Mn 1. 0.9958 0.9851 1.0187 1.0307 0.9080 0.9557

A25
En 1. 1.1011 1.1392 1.0203 1.1093 1.5429 0.9706

A43
En 1. 1.1019 1.1387 1.0234 1.1046 1.5395 1.2708

A25-dipole
FA 1.0000 0.9207 0.9795 1.0480 1.0516 1.2874 0.7707

Fig. 1. Ratios of GEp (a), GMp/µp (b), GEn (c) and GMn/µn (d) to GD. The short-dashed line in each plot is the old Kelly
parameterizations (old Galster for GEn). The solid line is our new BBBA0725 parameterization for d

u = 0.0, and the long-dashed
line is BBBA0743 for d

u = 0.2. The values of ξ and the corresponding values of Q2 are shown on the bottom and top axis

In order to constrain the fits to GEn at high Q2 we have

assumed that the values of
G2

En
G2

Mn
are the same as the meas-

ured
G2

Ep

G2
Mp

for the three highestQ2 data points forGEp, and

included these three “fake” data points in the GEn fits. In

addition, the Rn = Rp condition yields the following con-
straint at ξ = 1:

A25,43
En (ξ = 1) = P7 =

(
b

a

)(
1+4 d

u

4+ d
u

)1/2

,
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Eur. Physical. J. C 53, 349-354

‣ Various experiments evaluate/constrain the models for each process. 
‣ But, it’s the dominant syst. unc. in ν physics (oscillation, DSNB, etc.)
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INCLUSIVE ELECTRON SPECTRUM IN THE REGION OF . . . PHYSICAL REVIEW C 76, 065208 (2007)
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FIG. 1. Differential cross section of pion production in electron-
proton scattering, as a function of the energy transfer ω or the
invariant mass W . The solid lines represent the prediction of the
MAID model, while the dashed lines show the contribution of "

production according to the model of Paschos et al. [14]. (a) Beam
energy Ee = 730 MeV and electron scattering angle θe = 37.1◦ [7];
(b) Ee = 1100 MeV and θe = 37.5◦ [8]; (c) Ee = 2445 MeV and
θe = 20◦ [9].

pion production. To single out the contribution of " production
we also calculated the cross section using the model of Paschos
et al. [14], with the updated values of the parameters for
the P33(1232) resonance given in Table I of Ref. [15]. The
corresponding results are shown by the dashed lines. The solid
lines are in fairly good agreement with the data, although
an excess of cross section, at the level of ∼5%, is observed
in some regions. The significant differences between the solid
and dashed lines must be mainly ascribed to the contribution of
nonresonant pion production, as Fig. 4 of Ref. [15] has shown
that the helicity amplitudes of the " resonance in the Paschos
model and the MAID model are consistent with each other.
The interference between the " resonance and the nonresonant
amplitude can contribute to a part of this difference. We also
note that the peak of nonresonant pion production is shifted to
lower energy transfer, with respect to that of the " resonance.
Panel (c) shows that, while the agreement between calculations
and data is good in the region of the " resonance, a significant
deficit in the calculated cross section occurs at larger ω, above
∼700 MeV. As the MAID model includes the contributions of

FIG. 2. Differential cross section for 16O(e, e′) scattering at beam
energy Ee = 880 MeV and scattering angle θe = 32◦. The solid line
shows the results obtained combining the quasielastic cross section
obtained from the approach of Ref. [4] and the pion production cross
section computed using the same spectral function and the MAID
model. The dash-dot line represents the results obtained including "

production only, according to the model of Ref. [14]. For comparison,
the dashed line shows the cross section predicted by the FG model.
The experimental data are taken from Ref. [10].

the second and third resonances, the excess of the measured
cross section is likely to be due to the deep-inelastic scattering
and the onset of the multi-pion production, not taken into
account in the model.

In Fig. 2 we show the comparison between calculations and
data for the 16O(e, e′) cross section at beam energy 880 MeV
and scattering angle 32◦, as a function of the energy transfer
ω. The calculated cross section includes both quasielastic and
pion production channels, the latter being described according
to the MAID model, under the assumption that the electron-
proton and electron-neutron cross sections are the same. The
solid line was obtained using the spectral function of Ref. [12]
to model the momentum and energy distribution of the struck
nucleon. The effect of FSI in quasielastic scattering is also
included, following the approach described in Ref. [4]. The
results agree reasonably well with experimental data over the
whole range of energy transfer. For comparison we also plot,
by the dash-dot line, the sum of the quasielastic cross section
and the contribution of " production only, obtained from
the same spectral function using the model of Ref. [14]. The
nonresonant pion production cross section, which corresponds
to the difference between the solid and the dash-dot lines,
turns out to be appreciable in the dip region between the
quasielastic peak and the resonance bump. We note that
quasielastic scattering also contributes a significant amount
of strength to the dip region, due to the presence of sizable
high-momentum and high-energy components in the spectral
function and to the effect of FSI. To illustrate the importance
of using a realistic spectral function we show, by the dashed
line, the results obtained from the FG model [Eqs.(7) and (8)].
It clearly appears that this model overestimates the measured
cross section in the region of the quasielastic by ∼20%, while
a large deficit is observed in the dip region.

In Fig. 3, we plot the same cross sections as in Fig. 2, but
for beam energy Ee = 1200 MeV. The main features of the
results are the same. In both cases, the agreement between the
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the data together with a lower energy region where data is
less certain and the calculations diverge as well. For the
higher energy region, the total cross section calculations are
slowly rising and transparency calculations are slowly
falling. This relationship was first discussed in Sec. II B
and agrees with the predictions there. Although the NuWro
value for σreac agrees with the other calculations, the
transparency prediction is above the others as NN short
range correlations influence transparency but not reaction
cross section (see Sec. V).
Figure 6 focuses on the lower proton energies so that

details from Fig. 5 become apparent. The σreac data [22] has
some scatter because much of it comes from publications
from 1960s and 1970s. Overall, the data can be understood
as a rise as the energy decreases to account for the
increasing pN cross section and the influence of compound
nuclear processes. The cross section peaks at ∼30 MeV
and decreases at lower energies due to Pauli blocking, other
in-medium effects, and Coulomb repulsion. The peaking is
seen in NuWro and GENIE-INCL++ in good agreement
with the data. INCL++ has both compound nuclear

processes and Coulomb effects, but both are absent in
NuWro. Since both INCL++ and NuWro have Pauli
blocking, this seems to be the most important contributor.
GENIE-hA2018 continues to increase to lower energies
while GENIE-hN2018 follows the same trend but is cut off
at 20 MeV. Neither have Pauli blocking in the code versions
used here and the hN code compensates for this with the
empirical cutoff, as explained in Sec. III C. The NEUT
simulation starts to fall off at about 80 MeV for both carbon
and argon because of the different treatment of binding
energy and Pauli-blocking as explained in the Sec. III A.
The corresponding transparency calculations for GENIE-
hN2018 and NEUT have a rapid rise in transparency where
σreac is rapidly decreasing as discussed in Sec. II B. The
peak in σreac at about 40 MeV corresponds to a dip in
transparency for NuWro and GENIE-INCL++.
The detailed correspondences are also interesting.

GENIE-INCL++ has the most complete nuclear model
and has the best agreement with the σreac data. While
GENIE-INCL++ is always below NuWro in transparency
in Fig. 6, NuWro is sometimes larger and sometimes
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FIG. 5. Total reaction cross section and transparency for
proton-carbon. Available data for σreac [22] is shown along with
calculations from GENIE, NuWro, and NEUT. The transparency
results are Monte Carlo, i.e., with no acceptance corrections.
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FIG. 6. Total reaction cross section and transparency for
proton-carbon, same as Fig. 5 except for an expanded scale to
show details. Available data is shown along with calculations
from GENIE, NuWro, and NEUT.

S. DYTMAN et al. PHYS. REV. D 104, 053006 (2021)
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Spectral function Form factors
Electron scattering

Cross sections Branching ratios
Nucleon scattering Ek ≳ 3MeV

Branching ratios
Ek ≳ 0MeVIon beam

O. Benhar et al., Phys. Rev. D 72, 053005 (2005), 
O. Benhar et al., Nucl. Phys. A 789 379‒402 (2007).
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‣ The nucleus goes to excited 
states by weak interactions & FSI. 

‣ It then decays emitting various 
particles: γ, n, p, α, etc. 

‣Typical energy is several MeV.

~10-15 s~10-22 s <<

FSIPWIA: Plane wave impulse approximation
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Occurs with all neutrons.

Precise understanding of deexcitation is essential for capture.

Recoil proton Neuron capture

High-energy threshold: Ek > ~ 30 MeV 
→ insensitive to deexcitation.

for any Ek

Limited efficiency
A. Olivier, NuInt2024
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https://indico.fnal.gov/event/59963/contributions/286992/
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‣Difficult to constrain deexcitation model by ν experiments. 
‣ We need nuclear theory and experiments to precisely simulate 
deexcitation process and estimate errors.

Nuclear experiments for deexcitation

Precise measurements 
around target

RIKEN RIBF O(10) cm

MINERvA, O(1) m

Large targets for 
statistics

15 cm

Diffe
rent 

purp
ose &

 opti
mizatio

n
A. Olivier, NuInt2024.

H. N. Liu et al., Eur. Phys. J. A 59, 6, 121 (2023).

ν experiments

https://indico.fnal.gov/event/59963/contributions/286992/
https://doi.org/10.1140/epja/s10050-023-01018-3
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‣ Deexcitation is not simulated in major ν generators (NEUT, 
GENIE, NuWro) with a few exceptions*.

NucDeEx: S. Abe, Phys. Rev. D 109, 036009 (2024) 
- GitHub: https://github.com/SeishoAbe/NucDeEx

Therefore, I developed…

* NEUT employs a naive data-driven model for 16O only. 
* A study of ABLA coupled with INCL++ was conducted in NuWro. 
- A. Ershova et al., Phys. Rev. D 108, 112008 (2023).

Unique  
features:

‣ Open-source & standalone. 
- Easy to be integrated into ν generators. 
‣ Based on the nuclear reaction calculator TALYS. 
‣ Supports 12C and 16O.

A dedicated software of deexcitation is necessary.

A. Koning et al., Eur. Phys. J. A 59, 131 (2023).

https://doi.org/10.1103/PhysRevD.109.036009
https://github.com/SeishoAbe/NucDeEx
https://link.aps.org/doi/10.1103/PhysRevD.108.112008
https://doi.org/10.1140/epja/s10050-023-01034-3
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Model Features

Weisskopf-Ewing (WE) Angular momentum is NOT conserved.

Hauser-Feshbach (HF) It considers angular momentum conservation.

Generalized Evaporation 
Model (GEM) A specific model based on WE prescription.

Fermi breakup (FB) All decays happen at the same time. Frequently 
used for light nuclei (A ≤ 16).

‣ The more sophisticated HF model is known to be generally 
favored, but that's for heavy nuclei. 

‣ It’s not clear which model is the best for light nuclei, 
carbon and oxygen.

W. Hauser and H. Feshbach, Phys. Rev. 87, 366 (1951).

E. Fermi, Prog. Theor. Phys. 5 570 (1950).

S. Furihara, Nucl. Instrum. and Meth. B 171(2000) 251.

V. F. Weisskopf and D. H. Ewing Phys. Rev. 57 472, 935 (1940).

https://link.aps.org/doi/10.1103/PhysRev.87.366
https://doi.org/10.1143/ptp/5.4.570
https://link.aps.org/doi/10.1103/PhysRev.57.472
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Generator Model Comments

NucDeEx v2.1 HF Open-source & standalone event 
generator based on TALYS.

INCL++/FB FB Default model for light nuclei (A ≤ 
16) in INCL++

INCL++/ABLAv3p WE
Alternative model in INCL++. Not 

considers low-lying discrete 
excited states.

G4PreCompundModel GEM and FB Default model in Geant4.

CASCADE HF Closed-source. Citing values of 
branching ratio from paper.



Generator Model Comments

NucDeEx v2.1 HF Open-source & standalone event 
generator based on TALYS.

INCL++/FB FB Default model for light nuclei (A ≤ 
16) in INCL++

INCL++/ABLAv3p WE
Alternative model in INCL++. Not 

considers low-lying discrete 
excited states.

G4PreCompundModel GEM and FB Default model in Geant4.

CASCADE HF Closed-source. Citing values of 
branching ratio from paper.

Deexcitation generators FB23 
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‣ Hauser-Feshbash (HF) base.  
‣ NucDeEx is open-source, but CASCADE is closed.

S. Abe, Phys. Rev. D 109, 036009 (2024). 
F. Pühlhofer, Nucl. Phys. A 280 267 (1977).

https://doi.org/10.1103/PhysRevD.109.036009
https://doi.org/10.1016/0375-9474(77)90308-6
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NucDeEx v2.1 HF Open-source & standalone event 
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‣ From INCL++ cascade simulators. 
‣ Simulate deexcitation part individually 

S Leray, et al., J. Phys. Conf. Ser. 420, 012065 (2013). 
J. Benlliure et al., Nucl. Phys. A628, 458-478 (1998). 
A.R. Junghans et al., Nucl. Phys. A629, 635-655 (1998).

https://iopscience.iop.org/article/10.1088/1742-6596/420/1/012065
https://doi.org/10.1016/S0375-9474(97)00607-6
https://doi.org/10.1016/S0375-9474(98)00658-7


Generator Model Comments
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generator based on TALYS.

INCL++/FB FB Default model for light nuclei (A ≤ 
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‣ Many neutrino experiments use Geant4 for detector 
simulation. J. M. Quesada et al., Progress in Nuclear 

Science and Technology 2, 936 (2011).

https://www.aesj.net/document/pnst002/936-941.pdf
https://www.aesj.net/document/pnst002/936-941.pdf
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‣Open-source and standalone 
‣12C and 16O 
‣ Branching ratios are calculated with TALYS.

‣ Opened in GitHub: https://github.com/SeishoAbe/NucDeEx 
‣ Easy to be integrated into ν generators and nucleon decay 
generators. Because it’s standalone

‣ Branching ratios (BR) calculated with TALYS (Hauser-Feshbash) 
are pre-tabulated (it does not link TALYS library)

NucDeEx
NEUT, GENIE, NuWro

Y. Hayato et al., Eur. Phys. J. Special Topics 230, 
4469 (2021). 
C. Andreopoulos et al., Nucl. Instrum. Methods 
Phys. Res., Sect. A 614, 87 (2010). 
T. Golan et al., Phys. Rev. C 86, 015505 (2012).

Provide library

ν generators

https://github.com/SeishoAbe/NucDeEx
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‣ Discrete: Simple→Refer to experimental data. 
‣ Continuum + Multi-holes: Complicated→Use TALYS (Hauser-Feshbach model).

Input parameters

To be discussed later
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‣ Inverted kinematics (ion beam) is powerful experiment. 
‣ But, facilitiies are limited (GSI, RIKEN RIBF).

Proton beam: “normal kinematic”

16O/12C
p

2p

15N*/11B*

Deexcitation

Detection th.
~ 4 MeV

392 MeV 
at RCNP

O(1) MeV

Ion beam: “inverse kinematics”

12C

2p

11B*

Deexcitation

Can Down to 0 MeV 
in CM frame

400 MeV/u 
at GSI

Boosted!

High detection energy 
threshold ~4 MeV  
→ ~50% inefficiency 

Proton beam: “normal kinematic”

16O/12C
p

2p

15N*/11B*

Deexcitation

Detection th.
~ 4 MeV

392 MeV 
at RCNP

O(1) MeV

Ion beam: “inverse kinematics”

12C

2p

11B*

Deexcitation

Can Down to 0 MeV 
in CM frame

400 MeV/u 
at GSI

Boosted!

High energy in LAB frame. 
→ Can measure almost all 
deexcited particles

Decay from 
boosted nucleus

Low-energy

VS
Normal kinematics: nucleon beam Inverted kinematics: ion beam
Two types of experiments: Both (p,2p)

Panin et al., Phys. Lett. B 753, 204 (2016).M. Yosoi et al., Phys. Atom. Nucl. 67, 1810 (2004).

https://doi.org/10.1016/j.physletb.2015.11.082
https://doi.org/10.1134/1.1811183


n + 10B d + 9Be / α + 7Li

Validation with GSI (inverted) result FB23 
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Proton beam: “normal kinematic”

16O/12C
p

2p

15N*/11B*

Deexcitation

Detection th.
~ 4 MeV

392 MeV 
at RCNP

O(1) MeV

Ion beam: “inverse kinematics”

12C

2p

11B*

Deexcitation

Can Down to 0 MeV 
in CM frame

400 MeV/u 
at GSI

Boosted!

‣ Inverted. 12C(p,2p)11B* 
‣ Measures n, d, and α only. 
‣ Relative BRs 
‣ NucDeEx agrees within ~15%. 
‣ FB shows different trends. S. Abe et al., Phys. Rev. D 107, 072006 (2023). 

H. Hu et al., Phys. Lett. B 831, 137183 (2022). 
Panin et al., Phys. Lett. B 753, 204 (2016).

Simulation

https://doi.org/10.1103/PhysRevD.107.072006
https://doi.org/10.1016/j.physletb.2022.137183
https://doi.org/10.1016/j.physletb.2015.11.082
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Normal, 16O(p,2p)15N* Energy spectra

Deviation is visible in spectra,  
but the experiment had poor resolution

‣ NucDeEx: Underestimates BR above 6 MeV (unknown reason). 
‣ FB: Looks nice, but not good for hadronic particles (next page). 
‣ ABLA: Has no predictive power for γ. Not suitable for Super-K. 
‣ G4PreCo: Neither BR reproduces well.

K. Kobayashi et al., arXiv:nucl-ex/0604006 (2006)

16 < Ex < 40 MeV

https://arxiv.org/abs/nucl-ex/0604006


Hadronic particle BRs at RCNP FB23 
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Solid/hatched: Two-body decays.  
Open: Three or more body decays (sequential decay).

M. Yosoi et al., Phys. Lett. B 551, 255 (2003). 
M. Yosoi et al., Phys. Atom. Nucl. 67, 1810 (2004).

S. Abe et al., Phys. Rev. D 107, 072006 (2023). 
H. Hu et al., Phys. Lett. B 831, 137183 (2022).

https://doi.org/10.1016/S0370-2693(02)03062-9
https://doi.org/10.1134/1.1811183
https://doi.org/10.1103/PhysRevD.107.072006
https://doi.org/10.1016/j.physletb.2022.137183


Hadronic particle BRs at RCNP FB23 
2024/09/26 23

Solid/hatched: Two-body 
decays. 
Open: Three or more 
body decays.

Generator χ2/ndf (stat. err. only)
RCNP 11B* RCNP 15N*

NucDeEx v2.1 483 / 8 280 / 10
INCL++/FB 1038 / 8 1409 / 10

INCL++/ABLAv3p 7320 / 8 737 / 10
G4PreCompundModel 1181 / 8 777 / 10

Abe et al. (TALYS) 947 / 8 -
Hu et al. (TALYS) 674 / 8 -

Yosoi et al. (CASCADE) 676 / 8 263 / 10
Closed-source. Quality is comparable to NucDeEx  
→ It can be replaced with NucDeEx

Overestimates α emission.
Not so good. Better to replace it with NucDeEx!
Predecessor of NucDeEx

The best (or comparable to the best) reproducibility.

Bonus?
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Generator χ2/ndf (stat. err. only)
RCNP 11B* RCNP 15N*

NucDeEx v2.1 483 / 8 280 / 10
INCL++/FB 1038 / 8 1409 / 10

INCL++/ABLAv3p 7320 / 8 737 / 10
G4PreCompundModel 1181 / 8 777 / 10

Abe et al. (TALYS) 947 / 8 -
Hu et al. (TALYS) 674 / 8 -

Yosoi et al. (CASCADE) 676 / 8 263 / 10

‣ It seems that the Hauser-Feshbach model tends to give 
better agreements also for carbon & oxygen (light nuclei) 
- The same conclusion with heavy nuclei.

considers angular 
momentum 
conservation



Contents FB23 
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‣ Introduction: Neutrino experiments & ν-nucleus interaction 

The reason why we need a precise description of deexcitation. 

‣Deexcitation models/generators 

‣Novel deexcitation generator NucDeEx 

‣Validations with nuclear experiments 

‣Application to Geant4, neutrino generators, etc.



Bonus study: Application to Geant4 FB23 
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Geant4 distribution

BERT 
BIC 
INCL++

BERT unique 
G4PreCompond 
ABLA

Intranuclear  
cascade

Default Option

Deexcitation

Interface & cmake scripts
NucDeEx

NEW!

‣ Geant4 has an original deexcitation model G4PreCompoundModel. 
‣ But, it does not agree with experimental data well

What happen if we use NucDeEx instead of G4PreCo?

S. Sakai et al., Phys. Rev. D 109, L011101 (2024). 
Y. Hino, poster at Neutrino2024.

‣ Super-K and E525/E487 
(neutron beam) reported that 
INCL++ & G4PreCo gives 
better agreement with data 
than BIC and BERT.

‣ I developed an interface of 
NucDeEx for INCL++ in 
Geant4.

https://link.aps.org/doi/10.1103/PhysRevD.109.L011101
https://agenda.infn.it/event/37867/contributions/228364/
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INCL++ & G4PreCompound 
INCL++ & NucDeEx v2.1

Preliminary Preliminary Preliminary

Greatly improved

😍

En = 250 MeVEn = 80 MeV

Validation by E525/E487 @ RCNP (neutron beam) FB23 
2024/09/26 27

‣ Inclusive γ measurement with n+16O. 
‣ Compare observed energy spectra of γ.

NucDeEx is better than G4PreCo in all n energies!

Median neutron energy from atm. ν NCQE↓

Y. Ashida et al., PRC 109, 014620 (2024). 
T. Tano et al., arXiv:2405.15366 (2024). 
Y. Hino, poster at Neutrino2024 (paper in preparation). 
Whole Geant4 scripts are given in private comm.

En = 30 MeV

https://link.aps.org/doi/10.1103/PhysRevC.109.014620
https://arxiv.org/abs/2405.15366
https://agenda.infn.it/event/37867/contributions/228364/


Future prospects FB23 
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‣ Integration into ν generators 
- 1st interface for NEUT is almost done.  
- Planning to be included in the next release. 

- Other generators? Welcome to use. 

‣Application to SKG4 (Super-K Geant4) 
- Initial investigation is ongoing. 

‣Extension to argon for MicroBooNE & DUNE etc. ? 
- The larger atomic number, the harder to prepare tables. 
- An effective method is necessary. Still under consideration.



Summary FB23 
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‣ We need to understand neutrino-nucleus interactions further for 
ongoing/coming neutrino experiments (“exclusive” measurements). 

‣ A dedicated deexcitation generator based on reliable (and 
validated) nuclear models is necessary. 

‣ NucDeEx is released with many nice features: 
- Open-source & standalone. For 12C & 16O 
- Based on TALYS (Hauser-Feshbach model) 
‣ Validations with nuclear exp. show good reproducibility. 

‣ Application to NEUT & Geant4 is ongoing. Stay tuned!



backup



Excitation energy (Ex) distribution from Benhar SF FB23 
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‣ Benhar SF provides missing energy. 
‣ Ex is obtained by subtracting the separation energy.
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Selected for comparison with experiment as s1/2-hole states.

O. Benhar et al., Phys. Rev. D 72, 053005 (2005).

https://doi.org/10.1103/PhysRevD.72.053005
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Should be like this: 
Monochromatic peak at true value

‣ Very large α branching ratios in ABLAv3p 
‣ Calculate S.E. using energies of generated particles  
‣ Found energy is not conserved in α emissions 
‣ Might overestimate the phase space

True S.E. 
 = 8.7 MeV, 11.1 MeV


