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Why do we need NJOY and/or PREPRO? 

Why can’t 
we use these 

direct?
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Does this 
look like a 

neutron cross 
section plot?

Does this 
look like a 

neutron cross 
section plot?

somewhat weird:
- absence of resonances
- apparent zero cross 
sections and discontinuity
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Does this 
look like a 

neutron cross 
section plot?

This looks 
more like it...

Does this 
look like a 

neutron cross 
section plot?

somewhat weird:
- absence of resonances
- apparent zero cross 
sections and discontinuity

that’s what     
NJOY and PREPRO 
are for
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Nuclear data 
processing does 

affect Monte Carlo 
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We are not here to add / report any 
preferred / hardwired processing chain

Existing Literature
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but rather to consider the
flexibilities and constraints

module A
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module C

module D

module E

module F
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the fact that both are
modular and i/o by pendfs

module A

module B

module C

module D

module E

module F

NJOY

module S

module T

module U

module V

module W

module X

PREPRO

pendf

pendf

unionised pendfs

opens up the possibility to interleave

pendf

pendffle
xi

bi
lit

y 
#

1
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that each module

inputs as ‘ingredient’ and 

outputs to

different parts (MF-MT pairs) of the 

ENDF/PENDF

allows some modules
not to fuss over which goes first

fle
xi

bi
lit

y 
#

2
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how far can we 
interleave / swap

constraint #1
unionisation of energy grids

constraint #2
inter-module dependencies 
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2. MATERIALS AND METHODS

We used PREPRO 2007 and NJOY 99.259 to process
381 ENDF materials from the JEFF 3.1.1 incident neutron
sub-library. Given that

– both codes are modular by function; and
– the input and output of each module are in PENDF

and/or ENDF formats

a processing path need not be restricted to either one of the
codes. Instead, modules from both codes may be interleaved
e.g. by feeding the intermediate output from an NJOY
module as input to a PREPRO module, or vice versa.

Some NJOY and PREPRO modules overlap; others do
not. Overlaps include that between:

– RECONRn and the combination of LINEARp and
RECENTp;

– BROADRn and SIGMA1p;
– GROUPRn and GROUPIEp;
– MIXRn and MIXERp.

Throughout this communication NJOY and PREPRO mod-
ules are labelled with subscripts n and p, respectively.

Linearisation, uniform gridding (for NJOY) and
Doppler broadenning/thinning are the core functions and
primary steps in the processing path. For instance, in NJOY
subsequent modules expect the data to have already been
linearised and put in a uniform energy grid. Likewise,
ACTIVATEp assumes that the data have already been
linearised. Such dependencies impose constraints on the
processing sequence used.

Subsequent modules may be optional. The parallel
match between PREPRO and NJOY modules diminishes.
Sometimes described as physics add-ons, these include:

– unresolved resonances (UNRESRn and PURRn)
– damage calculations (GASPRn and HEATRn)
– thermal treatment (LEAPRn and THERMRn)
– estimation of radiation quantities (ACTIVATEp and

VIRGINp).

The processing path, characterised by the sequence of
the modules used, is to a certain extent flexible. Inter-
module dependencies draw the limit. Some modules are
independent. Reversing the order of some modules will not
make a difference. This is because such modules, each with
its own dedicated function, operate on and write to different
parts of the nuclear data tape. Each part is specified by a
MF-MT pair, where MF and MT identify the data type5 and
the reaction type6, respectively.

Modules performing add-on functions typically operate
and write on different parts. ACTIVATEp, for example,
deletes MF=9 and inserts MF=10; LEGENDp modifies
MF=4; HEATRn writes to 301≤MT≤450; BROADRn mod-
ifies MT=2 MF=152 and MT=3 MF=1 to 849; UNRESRn
modifies MF=2 MT=152; PURRn modifies MF=2 MT=152

5 e.g. reaction cross sections, resonance parameter data, atomic relax-
ation data

6 e.g. (n,total), (n,fission), (n,nα)

and 153; GASPRn modifies MF=3 MT=203 to 207;
THERMRn modifes MF=3 and 6 MT=211. SIXPAKp does
not write to a PENF at all, but output to a separate text file.
The order by which they are executed, in this case, is flexible
and does not affect the eventual PENDF obtained.

A further feature is PREPRO’s emphasis on output
verbosity. There is a recommended default for every input
parameter; none is required from the user. NJOY, on the
other hand, requires the user’s active decision on most input
parameters.

3. RESULTS AND DISCUSSION
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Fig. 1. The after-to-before ratio of energy points for MF3 MT1
(total reaction cross section) at a) linearisation; b) unionisation of

energy grid. Data are shown for the processing of the 381
materials given in JEFF 3.1.1 incident neutron sub-library.

2

do we want a 
common energy grid ?

extra/‘redundant’ data points, if 
implemented in a Monte Carlo code, 
may ‘plague’ every step 
of every event 
in every history
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one of the possible routes 
to avoid unionisation of 

energy grids 
as far as possible
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if we do not mind 
unionised grids

these could be replaced 
by RECONR

this could be replaced by 
BROADR
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NJOY

PREPRO

overlapping core modules eg:
- resonance reconstruction
- Doppler broadening & thinning

complementary
physics add-ons / 
optional modules

lower inter-module dependency, eg:

ACTIVATE acts on MF9, 10
LEGEND modifies MF4

HEATR writes to MT301~450
UNRESR modifies MF2 MT152

PURR modifies MF2 MT152, 153
GASPR writes to MF3 MT203~207
THERMR writes to MF3, 6 MT211
SIXPAK doesn’t touch the PENDF
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NJOY PREPRO

INPUT active decision 
from user

defaults available

OUTPUT higher verbosity
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PREPRO NJOY function

LINEAR
RECENT RECONR

linearisation
(unionisation)

resolved resonance reconstruction

SIGMA1 BROADR Doppler broadening & thinning

functionally equivalent
and technically interchangeable modules...

Next question: do the pairs produce 
equivalent results?
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functionally equivalent
and technically interchangeable modules...

Next question: do the pairs produce 
equivalent results?

not readily obvious...

most agree
some require further investigations
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1997 negative cross sections 
detected indeed they are in the 

original jeff3.1.1 tape
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but negativity is sometimes 
intentional

detecting negative values is easy
we don’t even need PREPRO / NJOY;

the point is what to do with them
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ACE files are available 
everywhere

why mess about with 
flexibility, constraints, ...?

coz this work is for FLUKA,
not MCNP(X)
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FLUKA is different

it is not tied to the ACE format;
it is general-purpose but sub-critical;
most importantly:

it is capable of analog in addition to 
non-analog transport
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0.48 MeV 
gamma 

FLUKA vs MCNP(X)

from a single collision
MCNP(X) would happily produce 
one, two or three 0.48 MeV gammas 
(each of weight=1)

but gets it right when averaged over many histories
(one 0.48 MeV gamma 94% of the time)

Chin MPW & Spyrou NM 2007 Event-by-event monte carlo tracking of neutron-nucleus collisions in 
neutron detectors Trans Am Nucl Soc   97; 288-9
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0.48 MeV 
gamma 

FLUKA vs MCNP(X)

from a single collision
MCNP(X) would happily produce 
one, two or three 0.48 MeV gammas 
(each of weight=1)

but gets it right when averaged over many histories
(one 0.48 MeV gamma 94% of the time)
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won’t find such 
aberrations in 
FLUKA coz 
FLUKA is 

analog
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