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(215 Motivation

A Disposal of the radioactiieb-waste (SIN@arget,n-ToB:
- Authorities need complete (calculated) nuclide inventory
of longlived isotopes (T1/2 > 60 d)
- Predictions have to be (partly) validated/justified.
- Particularly interesting are risky isotopes l&kemitters and
volatile elementsA Po

A Benchmarking of codes

- estimate of reliability and uncertainties

- comparison with exp. data (taken at SINQ spallation source at PSI)
A requires a detailed/complicated geometry
A difficult to acquire statistics
A usually only 1 code is used for predictions

- several codes need a lot of effort (geometry, statistics)
A use simple model for benchmad SINQ Toy model

Talk on SATIF12: | | |
ion i | h MCNPX
Po-production in lead: just comparing with MC

. and differentc.s models
Calculation and measurement on SHi@mples |
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(== SINQ faclility : neutron spallation source
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== Ratio MCNPX2.7.0(SINQ-model) to exp. data

,averagedoverS samplesof Rod3 (D03,D09, D10, D12, D14)
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usingINCL4.6/ABLAOQ7:
Reason

A Productionof Po208, Po208y alphason Pb
A Productionof Po210by tritium capture

A Check:
A Alpha and triton spectra
A Production cross sections
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(-1 Simplified SINQ model A Toy model

PurePbcladdedwith
/-/ 1 mmSteel
-/ted cladding:

avoids direct contact with D, H3

/ D,O

\- Inner Part ~ SINQ Target

~ 57%Pb+ Steel

~ 43% RO

p-beam pencil
575MeV
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(2= MCNPX2.7.0 + buildup&decay

Monte Carlo particle transport progra| MCNPX2.7.0 g n,ped 2Hp...
Input: dedicated geometry, material compositions,

cross sections: for n<20MeV ENBJFotherwiseBertini-Dresner
Output: n-fluxes (E<20 MeV), residual nuclei production rates
with{rnucscard (former activédntape) in *.o file
- avoids hugdistpfile (can be several GB)
- developed by Fsallmeier& M. Wohlmuther
- patch in the Cinder2008 release on RSICC

activation script
M. Wohlmuther et al.,
Proc.AccApp2007,

Pocatello, p. 226 LD or | SRFispact or | Orihet3
F.X Gallmeier dito, p. 207/ C.S library + EAF2010

+irradiation history
A nuclideinventory

Using FISPACT10/EAF2010: negligible difference to Cinder & FispactO7/EAF:
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BS Selectedphysics models in MCNPX

1) Intra-Nuclear Cascade 2. Evaporation/Fission

1) MCNPXlefault option:

A forn & p: <3.55eV
BERTININC) Dresner(evaporatior) + RALfission):
-BERTINbasedon{ S Nbnt®d&kishacelikaealization
-DRESNERVAPA, basedon? S A & & dt&istiFamMiédel
- RAL(Atchison): fissionin betweenof the evaporationstages

A forlightions(d, t,a): < 1GeV
ISABEUNC) Dresner+ RAL:
-ISABElbasedon{ S NJbn®dkkHiinelike realization

2) ISABEL (INCDtesner+ RAL:

A for allincidentparticletypes

A developedby Yariv& Fraenkel
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BS Selected physics models in MCNPX

INCL4.6 + ABLAOQO7: «private» version of MCNPX2.7.0
Large improvements compared to INCL4.2+ABLA

iImplemented in standard version of MCNPX2.7.0

INCL4.2 n,p,p no3H (1)

INCL4.6 n,p,p,d t3Hea l VR ! y
ABLAO7 n,p,d,t,*He a and clusters (IMF)

INCL4.6allowsfor incident clusters
coalescence in phase spageemitting clusters

Newest MCNPX2.7.0 INCL4.6/ABLAOQ7 version:
handles also metastable isotopes according to data from file (PHTLIB)

INCL4.6A.Boudardet al., Phys. Rev. C. 87, 014606 (2013)
ABLAO7M. V.Ricciardi A.Y S f KHBSchmidt, Joint ICTREA Advanced Workshop on
a2RSt /2RSa F2NJ { LIt A 2-§Janmusy 2008 p21¢1a o
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B5 Geant 4

A Version: Geant4 v10.02.p02 compiled by-4&&.5 and running on RHEGS
A Physics List: QGSP_INCLXX_HP

A Quark Gluon String Model (QG 3 used for high energyp>1GeYy
- High energy model does not change result

A Geant4 version oNCL model (INCLX& used for intermediate energy
- Selection of cascade model changes re8uimportant!
- Results from other cascade moddBe(tinilike and Binary cascade)
A talk of Tatsumi Koi on Tuesday
- High Precision (HP) package for low energy (<20MeV) netntmosport

A RadioactiveDecayoduleis added to the physics list by physics construt



WEe Detalls of Geant4 simulation
for Toy SINQ Model

Two stepcalculation:

A First step
- Protons hits toy SINQ Model
- Energy spectra of triton and alpha in lead blocksaareumulated

A Secondstep
- Production rates irthe lead blocks are derived from convolution of
the particle spectra with the production cross sections
- The production rates are fed intoinderOaking into account the
Intensity profile (Buildup & decay)



FLUKA Hadron -nucleus interactions: PEANUT*

N

L/

*PreEquilibriumApproach toNUclearThermalization

PEANU handleshadronnucleusnteractions fromthreshold
(or 20 MeV neutrons) up to several tensi&dV

SophisticatedseneralizedntraNuclearCascade GINC

Smooth transition (all nomucleons emitted/decayed + akcondaries
below 3650 MeV)

Prequilibriumstage

Standard Assumption oexcitonnumber or excitation energy

l

CommonFLUKA:vaporation/Fragmentation/Fissionodels

(600possible emitted particles/states (A<25) with an extended
evaporation/fragmentatiorformalism, spirdependent Fermi brealqp for A<18)
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Secondary light fragments: coalescence in PEANUT

G Cuh Xt) ﬁ>-383 MeV . Cuh xt) <En> 542MeV
. . 50 %256 7
Coalescenceis | ]
an essential  « & lg |
iIngredient in dE L7
producing 7
energetic N
composite . ,
partiCIeS, d! t! 3'102 ......... 3
3He,a, which ~ | ;
? i

are very much
relevant for this |
Intercomparison .|
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Double differentiakriton production from<E>=383/eV (left) and 542 MeV (right) neutrons
Copper Nucl Phys. A510, 774 (1990Symbols are exp. data, histograms FLUKA



FLUKA: the BME Model foucleugnucleusinteractions below
150MeV/n

N

The BME ( Boltzmann Master Equation) model
It works fforA,, AargZ 3, E € 150 MeN/A
1. COMPLETE FUSION

2. PERIPHERAL COLLISION
@ - threebodymechanism

de-excitation according to the - one nucleon breakp and

BMEtheory (whereavailable) possibly transfer(at highb)
or to the PEANU&xcitonmodel : —
- pickup/stripping(for

asymmetric systems at |oin)

Fragment(s) pre-equilibrium <:] - Incomplete fusion

evaporation/fission/fragmentation/
gamma de-excitation, same as for
hadronnucleusinteractions

Fluka200655wvinthe the datest versions' of REANWLE andeBME
has heenudsé ddorihimtercomparnison
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The kinematics is suggested by
breakup studies.
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RS Block 1

Bertini+ Isabel: missing the tail = high energetic particle due to forward emiss
MCNPX INCL4.6 & GEANT INCLXX: same tail, different peak

MCNPX INCL4.6 & FLUKA: same peak, different tail

FLUKA: extra bump in talil



