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Optical model
* spherical optical model

» coupled channel optical model (rotational band)
* RIPL OMP data base

DWBA

cluster emission
» pickup and knockout reaction systematics by Kalbach

* |wamoto-Harada model

pre-equilibrium two component exciton model

Hauser-Feshbach statistical model
e channels: g,n,p,d, t, h,a,f
e width fluctuation correction

C++ object oriented programming



Flow of CCONE calculation

S

~

| s
CCSM ! ‘///
L
Optical model
spherical OM

»
Direct reaction model
™ DWBA
knock-out
pick-up

-inverse reaction -
cross section

: Tq
v :

Excition model

two-component exciton
DSD capture
cluster emission model

'Y

Hauser-Feshbach

channel=g,n,p.d,t.ha.f
width-fluctuation correction
level-density formula
gamma strength function
[

input

\

~

N COM
A

coupled-channel OM

deformed OM

parameter fitting

Vo | r

TC

excitation level
RIPL

Output
CCFM
ENDF formatting
ENDF-6 format

CCSM-FIG

extract data

Table format



Example the class scructures

Relation of classes around the Nucleus class
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Class structure of the Decay class

Decay_fission

Decay_gamma

Decay_particle




O. Iwamoto ef al. Nuclear Data Sheets 131 (2016) 259
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RIPL2-0401 ——
5 h RIPL2.0S00
= 10} i -
- c [ RIPL2-2100 —— ]
target fe-56 5 RIPL2-2405 ——
o o @
projectile n -
e
energy (123) =
o
include common1.in "
nthread 10 | | |
nucleus fe-57 { 0.01 ot 1 10
Neutron incident energy (MeV)
decay +( n ripl2-2405 —
T N
p ripl2-5405 ) 10 S :
= z:
density +( ...) =
gamma +( type 1 ...) R |
5 _
} \ 5 SLO —— ]
2 L EGLO
nucleus fe-56 { A e f—
w 10® | ,f" MLO2 .
MLO3 ]
I SLOD

} 0 2 4 5] 8 10 12 14 16 18
y-ray Energy (MeV)



Multiple emission on exciton model

exciton model




Decay chain on statistical model
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Relation of instances of class

Nucleus 1

Discrete Level
Level Density

Nucleus 2 Nucleus 4

Level production

Decay Channel 1 Nucleus 3

transmission, spectrum

Decay Channel 2

Decay Channel 3

Level production
(continuum, discrete)

-1 Statistical decay

Class instance




Outputs structure

Outputs is in a single file in the XML format.

<?xml version="'1.0"?>
<ccsm>

<energy e=“1">

<nucleus Z="26" A="57" za="26057">

<production final="1.929717e+00" initial="3.894552e+03">
# Fe57->Fe57+g

<spectrum particle="g" sigma="5.674690e+00"/>

# Fe57->Fe56+n

<spectrum particle="n" sigma="2.287526e+03"/>

</nucleus>
<nucleus Z="26" A="56" za="26056"/>

<inclusive>
<spectrum particle="g" sigma="5.767200e+02" type="dae" da="table" angle="">

</inclusive>
</energy>
</ccsm>



ia various nuclei
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Cross Section (b)

CCSM-FIG

<energy e=“1">
<nucleus Z="26" A="57" za="26057"> Output in table format for plotting
<production final="1.929717e+00“/>

<nucleus Z="26" A="56" 7a="26056"/> #energy/za: ( 0)26057  ( 1)26056  ( 2)25056

1.000e+00 1.929717e+00 5.712214e+02 0.000000e+00
2.000e+00 1.689335e+00 9.474797e+02 0.000000e+00
3.000e+00 1.674177e+00 1.078836e+03 0.000000e+00

</energy>

<energy e="“2">

<nucleus Z="26" A="57" za="26057">
<production final="1.689335e+00" />

</energy>
</ccsm>
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Exclusive cross section and spectrum

Channel: { N;n, N,p, N.d, ... } N: no. of emitted particles
71, Al

Z3, A3

Channel x+n

DDXg, DDXn, ...
(DDXg ) Channel x+np,

(DDXg, DDXp, ...)

DDXg = DDXq(%l,al,i,x+n )* T'p(i->1) /Ti
+ DDXY(z2,a2,j,x+p )* I'n(3->1) /T
+ DDXg(z3,a3,k,x+np) * I'g(k->1)/Tk
.i‘g(k—>l)*X(zB,a3,k,x+np)/X(z3,a3,k)

.

Channel x+p
(DDXg, DDXn, ...)

DDXn = DDXn(zl,al,i,x+n )* I'p(i->1)/T'i
+ DDXn(z2,a2,j,x+p )* I'n(j->1) /T3
+ DDXn (z3,a3,k,x+np)* I'g(k->1) /Tk

Spin & parity dependences were ignored. * n(3->1)*X(22,a2,3,x+p ) /X(22,a2,3)



CCFM

Create ENDF-6 format file

* Ruby script
* Use XML library
Fmm oo
CCSM output 'xml[3] [16]=
<energy e='El’> , <section> |
1
<endf> E<head> </head> |
<reaction :<tab1> |
channel=’'2n’ ! E1l X1 i
sigma=’X1’> E E21X2 :
<spectrum » :</tab > !
1
particle='n’> VTt !
' xm1[3] [51]= !
..... | . 1
</spectrum> :<sectlon> i
1
..... R !
</reaction> :</sectlon> :
1 1
</endf> '
2.605600+4 5.545443+1 0 0 0 02631 3 51 1
0.000000+0-8.467780+5 0 0 1 622631 3 51 2
62 2 2631 3 51 3
8.620478+5 0.000000+0 1.000000+6 5.712167-1 1.300000+6 7.701051-12631 3 51 4
1.600000+6 8.874914-1 2.000000+6 9.474352-1 2.122705+6 9.513962-12631 3 51 5
2.500000+6 8.991819-1 2.705513+6 8.609547-1 2.994544+6 7.147537-12631 3 51 6




C++ class library for manipulation
of ENDF-6 format file

* Manipulate the output data to satisfy the consistencies
in ENDF-6 format.

* Developed to replace CRECT]

e Read and write of ENDF-6 format file
* Add and delete of sections (MF/MT)

e Arithmetic operation of Tab1l

* Interface for Ruby (Python) by SWIG

 CCFM uses to create total cross sections from partial
ones, isomer ratios, etc.
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