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Overview of lonrand Neutron Interaction ini Geant4
High energy neutrons interaction

Low energy (<20 MeV) neutrons interaction

— Neutron High Precision Models

lons inelastic interaction
— Binary Cascade Light lons
= Wilsen Abrasion.& Ablation —

menstelectrormagnetic dissociations
= Radio active decay

i —

Calor06, June 8th 2006, Chicago




High Precision neutron
down to thermal energy
Elastic
Inelastic
Capture
Fission

_
Pre- |_FTF String (up to 20 TeV)

: compound
Multifragment OG String (up to 100 TeV

Binary cascade
Rad. Deca Bertini cascade Neutrons

Fission
LE pp, pn

>

‘Thermal 1 MeV 10 MeV 100 MeV 1 GeV 10 GeV 100 GeV 1 TeV (/n)
- Evaporation —

: - Pre-
-~ | Fermi breakup
| Multifragment e IO ns

Photon Evap Binary cascade Light lons
Wilson Abrasion&Ablation

Electromagnetic Disosiation
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High energy neu [rOf Prlysics

; _-.——-"

= Parameterized models
= LEP0~30-GeV
— HEP =15 GeV up to 15 TeV
— a re-engineered version of GHEISHA
— Elastic, Inelastic, Capture and Fission

= Theory Deiven Models

— Cascade Models
= Binany.Cascade < 3 GeV
= Bertini Cascade < 10 GeV

. — High EnerayViedels  ~15GeV < E<-~15 TeV
— = Quark-Gluon String (QGS)
= Fritiof fragmentation (FTF)
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» GANDL (Geant4 Neutron Data Library)

= High Precision Neutron Models
— Elastic

— |Inelastic
— Capture
. —Fission

= NeutronHPorLEModel(s)
= Thermal neutron scattering S(«, ) Models
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GANDJ.

aip)iZl Natjiror Beaiier Llorein

The neutron data files for High Precision Neutron models
The data are including both cross sections and final states.

T'he data are derived evaluations based on the following evaluated data
libraries (in alphabetic order)

— Brond-2.1

CENDL2.2

EFF-3
ENDF/B-VI.O, 1, 4
FENDL/E2.0
JEF2.2
JENDL-FE
JENDL-3.1,2
MENDL-2 -
s ihierdata format 1S 'similar ENDF, however it is not equal;to.
= After GANDLS3.8 we concentrated translation from ENDF library.
— No more evaluation by ourselves.

—
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= The final state ofi elastic scattering is described' by
Samplingrthe differential scattering cross-sections

— tabulation of the differential cross-section
dO‘ do (

cosd, E)

— a series of legendre polynomials and the
Lnlegendre coefficients

—

SR
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Currently supported finalistates are (nA ) n v s (discrete and
continuum), np, nd, nt, n3He, na, Nd2 o, Nt2 a , N2p, N2 a, NP, N3 o,
2N, 2np, 2nd; 2na, 2n2 o, NX, 3N, 3np, 3na, 4n, p, pd, pa, 2p d,
do,d2a,dt, t,t2a,3He, a,2a,and 3« .

— 36 channels

= Secondary distribution probabilities are supported

— Isotropic emission

— discrete two-body kinematics

— N-body phase-space distribution

— continuum energy-angle distributions

= |egendre;polynomials and tabulation distribution

= Kalbach-Mann systematic A +a — C— Bi&l)
C:compoeundnucicuss

= coptinuumrangle=energy distributions'in'the laboratory system

e

—
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= Thefinal state of radiative capture is described by either photon
multiplicities, or photon production cress-sections, and the discrete and
continuous contributions to the photon energy spectra, along with the
angular distributions of the emitted photons.

= For discrete photon emissions
— the multiplicities or the cross-sections are given from data libraries

= [or continuum contribution

— E neutron kinetic energy, E y photon energies
L =girand grrare given from data libraries
Eifthere s noe finalstaiedatadin ENDE filesiigenrPhoton Evaperation

. modellof Geantdy Whichruses Evaluated Nuclear Structure Data File

(ENSDE)" create final state products including Internal Conversion
electrons
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=_FEirst chance, second chance, third chance and forth
chance fission are into accounted.

= The neutron energy distributions are implemented in
Six different possibilities.

— tabulated as a normalized function of the
Incoming and outgoing neutron; energy’ f(e - &)

— Maxwell spectrum F(E = E')o JEToE)
L= grgeneral evaporation spectrum f(E— E)ec E€5/0°
~_ evaporation Spechilim EH(E=E) (E/@ =
" —the energy dependent Watt spectrum; (€ &)= e sinho(E)E
— the Madland Nix spectrum f(E— E)=lo(E" (K )+ 9(E(K, )
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\/enfication: ol ighiPrecision Neutren medels

Geant4 results ENDF data

Ela XS 3.7104216 [barn] 3.708710+0 [barn]
EERES 1.2508858
Inela XS FO1 0.99179298 9.940940E-1
Inela XS F0O4 0.18413539 1.836200E-1
Inela XS FO6 0,020973994 j‘éégggggg
Inela XS F10 0.041302787 e
L& [nela XS F23 0.009658162 -+ IS
- Inela XS F27.0,0080225183 .
T Cap XS 0.0017767842
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Many elements remained without data for High
Precision models.

Those models make up for such data deficit.
If the High Precision data are not available for a

reaction, then Low Energy Parameterization
Models will handle the reaction.

fhese can be used for not onlyfier models (fimalsss
L Statesgenereor) Ut alSorforrcross sections.
= Elastic, Inelastic, Capture and Fission models
are prepared.
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= For thermallneutron scattering from nuclet
with- chemically bonded atoms

= Based on thermal neutron scattering files

from the evaluated nuclear data files
ENDF/B-VI, Release?2

w=r@oherent elastic, incoherent,elastic.and
_Inelasticiseatterng areincluded

= Not Yet included latest release (v8.0.p01)

Calor06, June 8th 2006, Chicago




DISTtrooutons or

Angular distribution

neutron scattering within h in polyethylene 300 K

0.04

o
o
w

o
(=]
[\

-8
+
g
()
B
+
~
()
-

o
o
—_

o
o
o

¢ 0.1eV FreeGas
¢0.1eV S(a, B)
o 1leV FreeGas
oleV S(a, B)

relative ration [ /eV]

Cross Section [barn]

16.00

12.00

8.00

4.00

0.00

Energy Spectrum
Neutron Scattering with H in polyethylene 300 K

1.E-03 1.E-01

energy [eV]

H in Polyethelene at 300K

N\

-

—
S

0.1

¢ Free Gas Model
= helastic
Incoherent elastic

1.E-05 1.E-02 1.E+01 1.E+04 1.E+07

energy [eV]

1.E+01

¢ 0.1eV FreeGas
¢0.1eV S(a, B)
<& 1leV FreeGas
oleV S(a, B)




E

= Cross Sections
— Tripathi, Shen, Kox and Sihver Formula
= Model

— G4BinaryLightlon
— G4WilsonAbrasion
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= Many: cross section fermulae for NN collisions are includea
InrGeantd
— Trpathi Formula NASA Technical Paper TP-3621 (1997)
Tripathi Light System NASA Technical Paper TP-209726 (1999)
Kox Formula Phys. Rev. C 35 1678 (1987)

Shen Formula Nuclear Physics. A 49 1130 (1989)
Sihver Formula Phys. Rev. C 47 1225 (1993)

= These are empirical and parameterized formulae with
»theoretical insights.

S om G4GeneralSpaceNNCrossSectlon Wes prepared to assist
N UISers in'selecting the appropriate cross section formula.

mm——
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Cross Section [mb]
10000

+ DATA Kox

+ DATA Jaros

* Cal. Karol

= G4Tripathi

= G4Shen
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= [n Binary Cascade, each participating nucleon is seen as a
Gaussian wave packet, (like QMD)

o(x., p,.t) %Lﬂ exw(%x al 2+Ip()j

= Total wave function of the nucleus Is assumed to be direct
product of these. (no anti-symmetrization)

L EiS Wave form have same structure;as the classical
S amilton eguationsiandi.can be selvedinumerically.

sherHamiltonian’is calculated using simple time
Independent optical potential. (Unlike QMD)
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= 3vdimensional model of the nucleus Is constructed
from A and Z.

= Nucleon distribution follows

— A>16 Woods-Saxon model
— Light nuclel harmonic-oscillator shell model

esaucleonimomenta are sampled from O to Fermi
mementumendisum ofitheseNomenta 1S Set toror

WRtime-invariant scalar optical potentiallis used.
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Two nuclei are prepared according| to this model
(previous page).

The lighter nucleus Is selected to be projectile.
Nucleons In the projectile are entered with, pesition

and momenta into the initial collision' state.

Until first collision of each nucleon, its Fermi
motion Is neglected in trackings.

1 Bl aslelilo)g and the nuclear field.are taken into

account in collision probabilities and final states of
the collisions.
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= GAWilsonAbrasionModeliis a simplified' macroscopic model
Jfernuclear-nuclear interactions based largely on geometric
arguments

The speed of the simulation Is found to be faster than
models such as G4BinaryCascade, but at the cost of
accuracy.

A nuclear ablation has been developed torprevide a better
approximation for the final nuclear fragment from an
abrasion interaction.

SERPeriorming an ablation process to simulatesthe des
Excitation| o tHENnUCIEar presfragments; nuclear de-
Sexcitation'medels within Geant4 (default).

= G4WilsonAblationModel also prepared and uses the same
approach for selecting the final-state nucleus as
NUCFRG2 (NASA TP 3533)
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- FalaciralVac

= Electromagnetic dissociation is liberation of
nucleons ornuclear fragments as a result of
electromagnetic field by exchange of virtual
photons, rather than the strong nuclear force

= |t Is Important for relativistic nuclear-nuclear
Interaction, especially where the protoninumber of
the nucleus Is large

= _GAEMDissociation model and cross section are an

o Implementation of the NUCERGZ (NASA TP 3588)
. physics anditreats this electromagnetic
wdissociation (ED).
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Projectile Energy. Preduct from ED G4EM Experiment
[GeVinuc] Dissociation [mbarn]
[mbarn]

124 + 2 154 + 31

107+ 1 186 % 56

216 £ 2 165 * 247
128 + 33%

—

293 £ 397
342 + 22*
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To simulate the decay: of radioactive nuclel
Empirical-and-data-driven model

a, B+, (B -decay and electron capture are implemented

Data (RadioactiveDecay) derived from Evaluated Nuclear
Structure Data File (ENSDF)

— nuclear half-lives

— nuclear level structure for the parent or daughter nuclide
— decay branching ratios

= {he energy of the decay process,

-

= The data includesimore thani2;200150topes

" [f*the daughter of a nuclear decay is an'excited isomer, its

prompt nuclear de-excitation is treated using the Photon
Evapolation Model of Geant4

mm——
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= [onization Energy LLoss
= Multiple Scattering
= Cerenkov Radiation

= Xray Transition

= All these processes work together for lon

B transportationn. Geant4

SR

—
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High Precision neutron
down to thermal energy
Elastic
Inelastic
Capture
Fission

_
Pre- |_FTF String (up to 20 TeV)

: compound
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Binary cascade
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Fission
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= Now'Geant4 has abundant processes for lon and neutron
Interactions. withy matter from thermal energy to much
above TeV. energy.

Without any extra modules, users may simulate ion
transportation in the complex and realistic geometries of

Geant4

Validation and verification have begun and results show
reasonable agreement with data. This work continues.

Ihe Geant4 toolkit contains a large variety of
complementary and sometimes altexnative. physicsimodelsi
COVeringl the physics eineutiensiandNens.

s ihiedevelopment of new models will continue to be
pursued in the future by the Geant4 Collaboration, in
response to the evolving requirements of the wide

experimental community using it.
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