Using the Low Energy Neutron Library

M

"0 How to activate low energy neutron transport?

» Implicit: giving a DEFAULTS card (except with default EM-CASCA), or not giving a
DEFAULTS card at all

That means: you are using the library in almost any simulation (unless you are using
the default EM-CASCA or you have switched it of f explicitly with a LOW-BIAS or
PART-THR card)

s Explicit: givinga LOW-NEUT card (NB you don't need it in most practical cases!)

J What must the user do?

= To set correspondence between the actual material and the material in the low
neutron library (LOW-MAT card), if not done by default (NB you don't need it in most
practical cases!)

s To set transport thresholds with PART-THR, if defaults are not ideal for the actual
problem (NB keep the 10-° eV threshold for most problems! )

= To request special features like point wise cross sections or cross section printing
(LOW-NEUT)
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Input Cards: LOW-NEUT [1/2]

M

“This card activates low-energy neutron transport.
O WHAT(1): number of neutron groups of the library
s Default: 260
O WHAT(2): number of gamma groups of the library
» Default: 42
O WHAT(3): maximum energy (in GeV) of the library

s Default: 0.02

O WHAT(4): printout flag (see the manual)
0 WHAT(5): number of thermal groups
s Default: 31
LOW-NEUT 260. 78 0F 2 6r: Beli lic
LOW-MEUT h-groups: 260 v ¥ -groups: 42 v Emax: 0.02 v
Frint: v W5 h J

O The defaults for WHAT(1) - WHAT(3) and WHAT(5) are fine. The only reason for changing
them would be if using a different library (there was one until recently, but it has been
suppressed)

= Don't use them!
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Input Cards: LOW-NEUT [2/2]

M

|/

a WHAT(6): ig + 10 * iy:

= ip = 1: available point wise cross sections used and explicit and correlated 6Li(n,y)’Li,
Li(n,1)*He, 19B(n,ay)’Li, Ar(n, y) **Ar, *Xe(n, y) **'Xe and 113Cd(n, y)}**Cd photon
cascade requested

+ = 0: ighored
+ =< -1: resets to the default (point wise cross sections are not used)

» i; = 1, fission neutron multiplicity forced to 1, with proper statistical weight to
compensate for the actual multiplicity (it helps in avoiding to "explod” ~critical
assemblies)

+ = 0, ignored
+ =< -1: resets to the default (normal fission multiplicity)
s Default = -11,, unless option DEFAULTS is present with SDUM = CALORIME, ICARUS,

NEUTRONS or PRECISIO, in which case the default is 1.0 (point wise cross sections
are used when available and fission multiplicity is not forced)
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Input Cards: LOW-MAT [1/3]

M

O The LOW-MAT card sets the correspondence between FLUKA materials and the
low energy neutron cross sections

O If a material has the same name as a hame given in the list of low neutron
materials, the correspondence between material and low energy neutron transport
is set automatically, and a LOW-MAT card is not necessary. The first material
with the right name is taken. This is always a material at room temperature.

0O That means that for the predefined material HYDROGEN hydrogen bound in
water is used, not the free gas one

O If you want to use low energy neutron transport in H, gas you have to do this
explicitly by a LOW-MAT card
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Input Cards: LOW-MAT [2/3]

M

O WHAT(1): Name of the material (single element/isotope only!)
QIn flair this can be chosen from a pull down menu

0 WHAT(2), WHAT(3) and WHAT(4): the 3 identifiers from table 10.4.1.2 of the

manual
2 SDUM: name of the material from table 10.4.1.2 of the manual
0 In flair there is only one pull down menu for all identifiers and the name

0O If you want to use the predefined materials at a temperature different from
296K, it is mandatory to give a LOW-MAT card with the proper identifiers
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Input Cards: LOW-MAT [3/3]

M

0O Setting the correspondence between a material and low energy neutron transport
cross sections:

» First create the material with a MATERIAL card and give it a hame in SDUM

s Give a LOW-MAT card with WHAT(1) = the name you gave in the SDUM of the
MATERTAL

s Give in WHAT(2), WHAT(3) and WHAT(4) of the LOW-MAT card the
numerical identifiers (table 10.4.1.2 in manual) of the material you want to use,
be careful to use the one with the right temperature

s Give in SDUM of the LOW-MAT card the name provided in the same table
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Examples: Bonner sphere(s) with SHe detector

f\

0 Bonner sphere with 3He detector at the centre «— | Geometry description

d Assumptions:

= Most of the counts will be due to low energy (~thermal) neutron:
polyethylene

» The vast majority of the counts will be due to the (n,p) reac’rlon

Track-length estimator in the
gas volume, folding with 3He

0O Compute response functions by:
a) Folding with the cross section for 3He(n,p)3H only (and only for E < 20 MeV)

b) As above but also adding the contribution of (n,el) and (n,d) when the resulting charged
recoils are over a threshold set at 100, 200 and 500 keV

Q ... assuming for irradiation geometries:
s A parallel neutron beam impinging on the sphere side
i. (An uniform and isotropic neutron fluence surrounding the spheres, not today!)

Source term
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Lateral irradiation geometry: Sphere "233"

N

—  Sphere "83" —_—

atm Kr
Usually a discrimination threshold
is set around 100-300 keV to
reject photons or other
backgrounds

28
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Materials with molecular binding in the Fluka library

M

"~ O Available materials with molecular bindings at 296K:
s H (natural isotopic amount) in H,O, CH,
= !Hin HZO, CHZ
m 2D in DZO
= Cingraphite
0 Use of these materials makes the thermal neutron calculation more realistic and
can affect the energy and spatial distributions
O Example: CH, (polyethylene) including molecular binding

= Create a material hydrogen and give a corresponding LOW-MAT card that
refers to H bound in CH,

s Give a COMPOUND cart that creates CH, as a compound of bound H and
normal carbon

QO For hydrogen, H bound in water is the default, because it is the first in the list
of low energy neutron materials
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S(a,B) vs free gas for H: Sphere 83

M
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Input Cards: LOW-BIAS

This card sets an energy cut-off during low-energy neutron ftransport on a region by
region basis and/or non-analog absorption.

However, for an overall energy cut-off, it is preferable to use PART-THR

O WHAT(1): number of the group to apply a transport cut-off, i.e. neutrons in groups
the number of which >= WHAT(1) are not transported. Remember that the group with
the highest energy has the number 1.

s Default: 0.0 (no cut-off)

s flair automatically matches the group number to the upper energy boundary of
each group

LOW-BIAS Ecut: 19.155 Mey W

Feq:

----------- COMPE

Mo cut-off
20.000 ke
13.640 eV

19.155 Met/

requests non-analogue absorption and/or 3

low energy neutron transport on a reglon
B L RS R e S e

18.662 MeV
18.221 Mel
17.771 MeV
27.333 MeV
16.305 Meb/
16487 Mel

LOW-ETAS 3. a.o

Mondnalogue: Mo cut-off v Survival:
1o Feq: v Step:
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Transport cut-offs

M

d

Transport cut off: a particle is not transported if its energy is lower than a cut of f
energy

Transport cut offs for neutrons can be set to save CPU time

Use cut of fs with care, you could miss important effects like activation, dose, secondary
particles,...

For activation, thermal neutrons are very important. If you are interested in activation
never cut off low energy neutrons!

To set a general transport cut off for neutrons, please give the energy of the cut off in
the PART-THR card, no matter if high or low energy neutrons. That was different in
previous versions: the card LOW-BIAS was needed for low energy neutrons. LOW-BIAS
is still needed if one wants set a cut-off region by region

If there is no interest in low-energy neutron transport, but that feature is implicit in the
DEFAULTS option chosen, it is suggested to request LOW-NEUT, and to use PART-
THRes with an energy cutoff WHAT(1) = 0.020
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Self-shielding [1/3!

M

0 Self-shielded materials in FLUKA:

27 A| at 296K, 87K, 4K, 430K
natA 40Ar at 296K, 87K
natfFe at 296K, 87K, 4K, 430K

natCy at 296K, 87K, 4K, 430K
181Tq at 296K, 87K

nat\\/ at 296K, 87K, 4K, 430K
197 Ay at 296K, 87K

natpp at 296K, 87K

208pp, at 296K

209 at 296K, 87K
+ Special case: cast iron ("*Fe +5%C) at 296K, 87K, 4K, 430K (see example further on)
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Self-shielding (2/3

M

"0 When to use these materials?
s Bulky (huge) pieces that are very pure (containing only one isotope)

O When not to use self-shielded materials?
= "small” iron, copper, lead, aluminum pieces
» Thin gold foils (but a self-shielded 100um Au foil is available)
s Diluted materials

0 How to use self-shielded materials?
s Define your material with a MATERIAL card

s Give additionally a LOW-MAT card and give the proper identifiers in WHAT(2)-
WHAT(4) and SDUM

» If you have to use self-shielded and non self-shielded materials of the same element
you need to define 2 different materials

= Attention: predefined materials like iron, copper and lead are not self-shielded, you
have to give a LOW-MAT card to use them self- shielded
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Self-shielding 133!

M

Q Cast iron is iron with a significant amount of carbon

QO There is a self-shielded material cast iron in the low energy neutron
library which is prepared to be used for creating a compound of iron and
roughly 5% carbon. The amount of carbon doesn't need to be exactly 5%.

0 How to create self-shielded cast iron?

= Define a material iron called FeCarbSS (or any other name you like) with a MATERTAL
card (parameters as for natural iron)

s Insert a LOW-MAT card for FeCarbSS with the proper identifiers for cast iron in
WHAT(2)-WHAT(4) and SDUM

s Insert a MATERTAL card to declare a compound material called CastFe (or any other
name you like)

s Insert a COMPOUND card for defining CastFe as a compound of FeCarbSS and
CARBON (predefined)
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Artifacts of discrete angular distribution

QO Artifacts can arise when a neutron is likely to scatter only once (thin foil, regions
of low density like gases), due to the discrete angular distribution (only 3 angles
are possible for each g—q')

O The user should be aware of such artifacts and interpret results of scattering at
thin foils and gases carefully

0 Because the 3 angles are different for each g—g' and the azimuthal angle is
sampled from a continuous distribution, the artifact disappears when the
neutrons have the possibility of scattering two or more times.

O Information about which angles and probabilities are used for each group can be
obtained by setting WHAT(4) = 3 in the
LOW-NEUT card. The information is then written to the *.out file (see manual
chapter 9: Output)
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Summary

QO Most of the simulations in FLUKA use the low energy neutrons, implicitly via the
DEFAULTS card

QO Low neutron transport in a material is enabled by a LOW-MAT card, only needed
if the material's name is not one of those in the neutron cross section library, or

temperature, self-shielding or molecular binding are different from the default
ones

QO Use self-shielded materials properly for "bulky” and “pure” (in isotopic
composition) materials

0 Don't give a LOW-MAT card for compounds
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