Neutron Elastic Scattering Libraries
for MCNP and Geant4
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Neutron Elastic

Scattering Overview

Libraries

oOvekrvievv|b e How neutron data libraries are made

e Making a library .

e do/dO e A problem with differential cross-sections

e Effects on

simulations e Effects on simulations of neutron
calibrations
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Making a Library

e Measure neutron cross-sections

e |dentify levels and resonances, and fit
data to a model.

e Create an Evaluated Nuclear Data Format
file.

e Process the file into MCNP or Geant
formats




Neutron Elastic

scattering  Neutron Elastic Scattering

Libraries

o Overview e Resonances from compound states
e Making a library

» Resonances Fits

- Evaluations e Continuum from potential scattering

» Processing
® do/dQ : oliosaugssel s l 1
e Effects on A ul I

simulations 3 \ =
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Breit-Wigner Resonances

e Parameterized by

> ReSO n a n Ce | ' II:uncti:ons: Il3reit-\:\}ignelr |
widths .
» Neutron
Energy
~ 5pins '
= Parity
| 2 1 fE-I{\}m;’F : Brock,2Bonn

e Interference handled by R-matrix
formalism
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Evaluations

e Generated by National Labs in
= USA—-ENDF/B ~

~ Japan —JENDL #
= Europe — JEFF

» Russia — ROSFOND / BROND
= China — CENDL

e Updated on a regular basis and
incomplete for many nuclei.

Best at low energy

e Libs available at www-nds.iaea.org



Neutron Elastic

Scattering Example

Libraries

e Overview e F-19 ENDF-VII.O as example:

e Making a library

. Bvaluations ~ File 2, < IMeV. evaluated in 2004,
o global R-matrix fit to 6 sets of
- Efecs o experimental data w/ uncertainties.

B ~ File 3, 1-2 MeV. eval in 1990, global R-
matrix fit. > 2MeV, borrowed from
evaluation before 1990.

= File 4, based on optical model
calculation.
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Neutron Elastic

seatering  Processing into libraries

Libraries
e Overview e NJOY or PREPRO
e Making a library .

e = Calculate cross-sections from
S resonance parameters in File 2 at low
° Eﬁcec’lts on ene rgy

simulations ‘ .

» Convert File 3 and File 4 data.
= Used to produce both Geant4 and
MCNP libraries
e Recompiling NJOY2012 give the option
to calculate differential cross-sections
clide 9/16 from resonances.
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Neutron Elastic

Scattering RCCﬂlCUlating dO'/ dQ

Libraries
e Overview Fluorine-18
e Making a library S I I I
- This Release -
® do/dQ 0.8 F ENDF-VI1.0

e Effects on

simulations 0.4 - W
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e Overview
e Making a library

®da/dQ

e Effects on
simulations

Slide 11/16

AARM Fermilab
Mar 21, 2014

Recalculating do/dQ
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Scattering
Libraries

e Overview
e Making a library

® do/dQ

e Effects on
simulations
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Extent of the Problem

e Does not affect isotopes O-16 and lighter

e Some isotopes have no resolved
resonances important to DM calibrations
(most Xe isotopes, I-127, Cs-133).

e Some isotopes have File 4 evaluations
based on smoothed experimental data
(Fe-56, Cr, SI)



Neutron Elastic

scatering  New Libraries Available

Libraries

 Overview e For MCNP & Geant4

e Making a library

* do/dQ = Based on resonance parameters in
® cimdlations ENDF/B-VII.O (.70c libs)

= Only covers the resolved resonance
range defined in the libraries, up to 1.5
MeV.

= Available for Si, Ar, Cr-50,52, Fe-56, Xe-
136, Pb-206,207,208
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e Overview
e Making a library

®do/dQ

e Effects on
simulations
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Effect on DM detectors

e F occosB

= Neutron generated recoil distributions
are directly affected.

e Neutrons can propagate further
e Multiple scattering can change



Neutron Elastic

scattering  PICO calibration

Libraries

e Overview e Slightly moderated 97 keV neutron

e Making a library . . . .
e do/d0 field. No coincidence triggers.
e Effects on ..
simulations e Measurement of efficiency at
endpoint.
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Neutron Elastic

scatering  Forward scattering

Libraries
o Overvien e Dipole terms tend to increase
Mak lib
® ViaKing a liprary .
oo forward scattering.
" imulations ~ Multiple scattering
= More low energy scatters
= Scatters deeper in your detector
- Sh'@ld'ﬂg T 0 " These Libraries
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Neutron Elastic

Scatering  Know your simulations

Libraries
o e Nuclear data is missing from
o simulation libraries
e Effects on . . (" )
i e Not all simulations have “15%
accuracy
e Know where to look to find nuclear
data
Slide 17/16

AARM Fermilab
Mar 21, 2014



