
0

5

10

15

20

25

30

B
ra

nc
hi

ng
 ra

tio
 (%

)

This work

CASCADE (Yosoi et al.)

Yosoi et al. (exp.)

 1/2×  = 554.62χ

n p d t α

Branching ratiosKinematics

Particles emitted 
by deexcitation

Original code

Deexcitation simulator

TALYS
ROOT baseTALYS

Branching ratios Kinematics

Particles emitted 
by deexcitation

Original code

Deexcitation 
simulator

Other particlesResidual nucleus

Comprehensive event sample

Event sample
e.g.) Neutrino interactionν

Hole

e.g.) Nucleon decay
Hole

Other particles

Comprehensive event sample

Event sample
e.g.) Neutrino interaction
ν

Hole

e.g.) Nucleon decay
Hole

Residual nucleus

0 5 10 15 20 25 30 35 40 45 50
Excitation energy [MeV]

0

0.2

0.4

0.6

0.8

1

Br
an

ch
in

g 
ra

tio

Branching ratio: target: 15N

gamma neutron proton
deuteron triton helium-3
alpha

Branching ratio: target: 15N

0 5 10 15 20 25 30 35 40 45 50
Excitation energy [MeV]

0

0.2

0.4

0.6

0.8

1

Br
an

ch
in

g 
ra

tio

Branching ratio: target: 11B

gamma neutron proton
deuteron triton helium-3
alpha

Branching ratio: target: 11B

11B* 15N*n n

TALYS [1] Nuclear reaction simulator. 
Calculate branching ratios

Get residual nucleus states:  
nuclear species, excitation E, and hole. 
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Determine excitation E according 
to the Benhar SF, instead of using 
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1. Neutron Multiplicity & Nuclear Deexcitation

#431

2. Simulation Procedure & Validations

3. Application to Neutrino Interactions
CCQE, Eν＝ 1 GeV, 12C or 16O 
NEUT v5.6.3 (SF), NuWro v21.09.02 (SF), GENIE v3.04.00 (Local Fermi gas, hN FSI)

Neutrons are suffering from nuclear effects:  
FSI + deexcitation

KamLAND, JUNO (liquid scintillator) 
SK-Gd, ANNIE (Gd-loaded water)
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Neglected in existing 
ν MC generators*
* NEUT considers this only for 16O-target

Provide a nuclear deexcitation simulator that is applicable 
to existing neutrino/nucleon decay generators Aim
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4. Prospects
This simulator will be released soon!
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Apply this simulator

Example code for use with these 
generators will also provided.
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