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Why do we need NJOY and/or PREPRO?

iIeNe Evaluated Nuclear Data File (ENDF)
[ - [ > ] | + (P hitp: / fwww.nindcbnl.gov/exfor/endf02 jsp C] (Q' nndc
0 EE Apple Yahoo! GoogleMaps YouTube Wikipedia News (694)v Populary

L National Nuclear Data Center BROOKHARVEN

NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | CSISRS | Sigma

I Evaluated Nuclear Data File (ENDF)

Search the NNDC:

Database version of December 15, 2006

ENDF/B-VII.0 Home
Download Sublibrary > ENDF ENDF/B-VILO officially released ENIDF Gi 9@?“
Lists of Materials s Core nuclear reaction database containing evaluated (recommended) | .
How to Reference? cross sections, spectra, angular distributions, fission product yields, [Sigma - 3.0
Publications thermal neutron scattering, photo-atomic and other data, with
Pr ; emphasis on neutron-induced reactions. All data are stored in the
e L internationally adopted format (ENDF-6) maintained by CSEWG.
Benchmarking February 2009

Deficiency List
ACE-Format Files i I Extended Retrieval

IeO006 ENDF: Evaluated Nuclear Data File

[ Cigmn —

—

[ < [ > ][i] http: / fwww-nds.iaea.org/exfor/end!.mm C] (Q' IAEA NDS
CD EE Apple Yahoo! CoogleMaps YouTube Wikipedia News (694)v Popular Libra ) <
ENDF: Evaluated Nudlear Data File Il @) Selected () Reset-.

Help » ENDF Format Manual | Plot+ Databases » Medical | NGAtlas | RIPL | FENDL A IRDF-2002 | EXFOR | CINDA 8 ENDF/B-VII.O (USA 2006)‘\.

Evaluated Nuclear Data File (ENDF) 6 JerFa1 - (Euops, 2005

™M JENDL-3.3  (Japan, 2002)
Database Version of February 23, 2010

| M CENDL-3.1 (China, 2009)
Software Version of 2010.02.22 Old interface is [here i
M ROSFOND  (Russia, 2010)

™ ENDF/B-VI.8 (USA, 2001) /

News & Histor
2010/02 Updated library: O
1) ROSFOND-2010: neutron library, 686 materials, Obninsk, Russia, issued in 2010 [page]
2) IAEA-Med: data for medical radioisotope production. Proton sub-library corrected, 2010 [page]
2010/01 New library: L
1) CENDL-3.1 Chinese evaluated neutron data library, issued in 2009 v

Core nuclear reaction database contain recommended, evaluated cross sections, spectra, angular distributions, fission product yields, photo-atomic and thermal scattering law data,
with emphasis on neutron induced reactions. The data were analyzed by experienced nuclear physicists to produce recommended libraries for one of the national nuclear data projects

(USA, Europe, Japan, Russia and China). All data are stored in the internationally-adopted ENDF-6 format maintained by CSEWG. W h )

Standard Request Examples: 1234567 Go to: Advanced Request; ENDF-Explorer
Parameters: C Submit ) (Reset) Libraries:GAllOsmmd Check| Reset|

et/ » = Major l:iira‘ri:;\\\ ¥ cial Libraries
s e s we use these
direct?

-~ (1) 2) JEFF-3.1.1 (Europe,2005-2009) . .,
| Derived

R * | ) 3)3enDL-3.3 (Japan,2002) -
More Parameters... () 4) BROND-2.2 (Russia, 1992)

m D 5) CENDL-3.1 (China.2009)
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T T T T l
JEFF-3.1: HO-165(H,TO0T)
JEFF-3.1: CM-249(H,TO0T)

10 |- —410%

somewhat weird:

Does this

o - absence of resonances |
IOOI( |i|(e a © - apparent zero cross 5
** sections and discontinuity
neutron cross
section plot? \N
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oes this i - absence of resonances ]
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g sections and discontinuity
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i JEFEaL ozsdln  that’'s what

' NJOY and PREPRO:

- are for -
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GEOMETRY:
TYPICALLY

NLICIGar’ data OVER-EMPHASISED
) USER INPUT
processing does SHAPES, SZES
MATERIALS
affect Monte Carlo SOURCE, BIAS,

CUTOFFS, ...

TRANSPORT
PHYSICS,
MODELS,

ALGORITHMS

THE HEART OF
THE CODE

CROSS
NJOY & PREPRO SECTION

HERE \ LIBRARY
MF-MT

PAIRS

EVALUATED
DATA

+cov matrices

THE BOUNDARY for
‘HANDLING-OVER’
IS OFTEN BLUR
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- Aleph pdf (page 10 of 128)

T n

Text

iH

Previous  Next Zoom Move Select

sections on the same unionized energy grid. -

MODER 1 The first call to moder is uch&c:Xl;l t I n y ' F
file (binary files reduce the calculati sig \

RECONR The reconr module reads the data on the ENDF tape (resonart
cross sections), generates point-wise energy-dependent cross section

¥ Cabellos-report_mcjeff31-v36.pdf (page 9 of 372)

BROADR The broadr module performs Doppler broadenin ,,
thins the resulting cross section.

MODER 2 The second call to moder is used to convert th
ASCII file for use in ALEPH.

UNRESR The unresr module computes effective self-shiel
unresolved energy range.

HEATR 1 The first heatr run generates point wise heat pro
kerma factors) and radiation damage cross sections.

HEATR 2 The second heatr run is used as a kinematic ch
in the first run.

THERMR 1 The thermr module will generate the cross sec
mal energy range.

GASPR The gaspr module will add gas production reactio

PURR The purr module will calculate the unresolved res
MCNP(X).

ACER 1 This acer run will convert the previously genera
use in MCNP(X).

ACER 2 The second acer run reads the ACE file obtained
the standard consistency checks and produces the final
If problems occur, it will attempt to correct them.

A ~_tuna _nenfran lihrars ic nicad far narfarmina tranconnrt
ARSI SESNSN———

We are not

referred / hardwired
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Data Processing Evaluated
nuclear _Etf/
As distributed the original evaluated data includes cross sections represente
of a combination of resonance parameters and/or tabulated energy d !
sections, nominally at 0 Kelvin temperature. For use in applications, thisej MODER
processed using the 2009 version of the ENDF/B Pre-processing codes (P.
to produce temperature dependent, linearly interpolable in energy, ta l
sections, in the ENDF-6 format.
RECONR
For use in applications this library has been processed into the form of l
dependent cross sections at eight neutron reactor like temperatures, betwe
Kelvin, in steps of 300 Kelvin (the exception being 293.6 Kelvin, for BROADR
temperature at 20 Celsius). It has also been processed to five astrc
temperatures, 1, 10, 100 eV, 1 and 10 keV. For reference purposes, 3 l
approximately 1/40 eV, so that 1 eV is approximately 12,000 Kely HEATR
temperature the cross sections are tabulated and linearly interpolable in enel
The steps required and codes used to produce room temperature, linearly l
tabulated cross sections, in the ENDF-6 format, are described below (the GASFR
code in given in parenthesis; for details of each code see reference [R3]). l
Here are the steps, and PREPRO 2009 codes, used to process the data, ir PURR
which the codes were used. l
1) Linearly interpolable, tabulated cross sections (LINEAR) THERMR GROUPR formatted
2) Including the resonance contribution (RECENT) library
3) Doppler broaden all cross sections to temperature (SIGMA1) /\
4) Check data, define redundant cross sections by summation (FIXUP) AOPR GROUPR
5) Update evaluation dictionary in MF/MT=1/451 (DICTIN) (create ACE file) (a-multigroup dats)
For the "cold" (0 Kelvin) data steps 1), 2) and 4), 5) were used (no Doppler l \
For the data at other temperatures, after steps 1) and 2), the data was Do ACER MATXSR
to each temperature using step 3), and the results were then made consis (check ACE file) (creats MATXS file)
ENDF/B formats and conventions using steps 4) and 5), to produce the fin
data. v v
cold (0 K): no need BROADR. ~—
The result is linearly interpolable in energy, tabulated, temperature def ACE-formatted MATXS formaticd
sections, in the ENDF-6 format, ready to be used in applications. (e library

here to add / report any

processing chain
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but rather to consider the
flexibilities and constraints

NJOY PREPRO
pendfl lpendf
pendfl ; lpendf
| [pen
" -
e o
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the fact that both are
modular and i/o by pendfs

NJOY PREPRO
unionised pendfs 4-

— «—
+
é\ — pendf
a —>
>: .
D) df _
—— pen
S— -

pendfl

pendfl

opens up the possibility to interleave
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that each module
inputs as ‘ingredient’ and
outputs to
different parts (MF-MT pairs) of the
ENDF/PENDF

flexibility #2

allows some modules
not to fuss over which goes first

at ND2010 (Jeju
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how far can we
interleave | swap

constraint # |
unionisation of energy grids

constraint #2
inter-module dependencies

t ND2010 (Jeju Island) by me@marychin.org
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do we want a o
10}
common energy grid ! 1 .
6-
IR TEE T
2" t;‘;,:a ""{5" . é‘?‘:
¢ ’ . . ViR Gt ?&‘M’ A ;;.i"“&" :
extra/‘redundant’ data points, if 0 o0 s o000 8007 1000
implemented in a Monte Carlo code,
may ‘plague’ every step 70 —
of every event 60} DL
in every history " R
40} s s
30l % ' .
20} : . . "
I
10 3. +° L

. v
.
e g *
it o Bk . )
0 2000 4000 6000 8000 10000
MAT

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.
as presented at ND2010 (Jeju Island) by me@marychin.org
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one of the possible routes
to avoid unionisation of
energy grids
as far as possible
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(PENDF #2 )

if we do not mind
unionised grids

by RECONR

this could be replaced by
BROADR

as presented at ND2010 (Jeju Island) by me@marychin.org


mailto:me@marychin.org
mailto:me@marychin.org

complementary
physics add-ons /
optional modules NJOY

lower inter-module dependency, eg:
ACTIVATE acts on MF9, 10
LEGEND modifies MF4

HEATR writes to MT301~450

UNRESR modifies MF2 MT 152

PURR modifies MF2 MT 152, 153
GASPR writes to MF3 MT203~207
THERMR writes to MF3,6 MT21 |
SIXPAK doesn’t touch the PENDF

PREPRO

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

as presented at ND2010 (Jeju Island) by me@marychin.org
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NJOY PREPRO

active decision .
INPUT defaults available
from user

OUTPUT higher verbosity
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PREPRO NJOY function

linearisation
LINEAR D
RECENT RECONR (unionisation) |
resolved resonance reconstruction
SIGMAI BROADR Doppler broadening & thinning

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

as presented at ND2010 (Jeju Island) by me@marychin.org
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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

as presented at ND2010 (Jeju Island) by me@marychin.org
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Cross Section (barns)

Ratio

1.02 [

1.01

1.00 |
0.99 |

MAT 125 Total 1-H —1
Cross Section —0.093 To 0.113 7%
Max Min
Ratio Ratio
T LIS I I I I I T I I I LS L I T
seq #1
| e Seq #< E
% % % % % —H % % % % % % —H %
seq #2/seq #1
LY NATTATTATVaVAVV NG VVAVAVA Vo Va V-V V- Uy | = = = \T/\AAAQWMWWW
N l l l Ll N Y B B B Y B l Lol L

165 164 163 162 161 100 101 102 103 10

1 Incident Energy (eV)

1

105 106 1O7 108

1-H -1
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Cross Section (barns)

Ratio

)

10

10

1.02
1.01

1.00 |
0.99 |

MAT 128 Total 1-H -2

Cross Section —0.085 To 0.205 %

Max Min
1 Ratio , , _Ratioy
3 seq #1 ]
————————————— sSeq #<

] seq #2/seq #1 |
10° 10% 10° 10° 10" 10° 10 10° 10° 10% 10° 10° 107 10°
1 Incident Energy (eV) 1-H -2
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Cross Section (barns)

Ratio

f—
@)

f—
@)

—
@)

oy

0\

p—

1.

1.

MAT 4125

Total
Cross Section

41-Nb—-93
—12.20 To 13.47 7%

Min
Ratio
T T T I T T T

T

seq #R/seq #1

|

l l lll 1 llll 1 llll 1 llll 1 llll 1 11

ll 1 llll 1 llll 1 llll H

-3 =2 =1 O 1 2 3

4 O 6 I 8

to 10 10 10 10 10 10 10 10 10 10 10 10

Incident Energy (eV)

41-Nb—93
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Cross Section (barns)

Ratio

MAT 7925

Total

Cross Section

79—-Au—197

=7.829 To 7.829 %

Min

Max

10° [

10° [
10° [
10~ [

10" [

Ratio
llll T T

Ratio
III T IIII T IIII T IIII

1.10 [

seq #2/seq #1

|

Ll

ll ll ll lll

lll

lll

lll

lll 1 llll 1 llll 1 llll

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

10
1

10

10 10 10 10
Incident Energy (eV)

10

10

10

3

1O4 105 106 1O7

79-Au—-197
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Cross Section (barns)

Ratio

10

10

10

10

1.

1.

0.

6 A

MAT 9346 Total 93—-Np—37
Cross Section 477 .27 To 47 .27 7%

Min Max
Ratio,Ratio
T T T T I T T T T I T

II T llll T llll T llll T llll T llll T llll

seq #1
————————————— seq #<2

ll J llll J llll J llll

J lll J llll J llll J llll J llll J llll J llll J llll J llll
II T llll T llll T llll T

II T llll T llll T llll T llll T llll T llll T llll T llll

- seq #2/seq # :

-l ll 1 l ll ll lll 1 llll 1 llll 1 llll 1 llll 1 llll 1 llll 1 llll

102 10% 10° 10° 10' 10 10! 10° 10° 10% 10° 10° 107

1 Incident Energy (eV) 93—Np—237
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Retrieval Criteria MAT
Monitor Mode off
Minimum Cross Section-——————- 1.0000E-10 (Default
Keep Evaluated Data Points——- No

ENDF/B Input and Output Data Filenames
/home/mchin/jeff_311/jeff311n1225_0.asc
/home/mchin/endf2pendf/temp.pendf

Requested Ranges

Minimum Maximum
MAT MF MT MAT MF MT
@ © © 9999 99 999

Allowable Uncertainty

Energy Uncertainty per-cent

0.0 .001000000 0.1000

ENDF/B Tape Label

JEFF-3.1.1 general purpose neutron file update re

Material MAT MF MT ENDF/B
Format

Kelvin C

12-Mg-24 1225 3 1 VI 0.0

12-Mg-24 1225 3 2 VI 0.0 0.0 2800 2673
WARNING - Above Cross Section Negative at 1997 Energies

200

the recommended data of BNL/1/ and the data for a
resonance were added so as to reproduce the recommended thermall225
The data for
some levels were modified so that the calculated total cross
sections of the element Mg were fitted to the experimental datal225
The scattering radius was assumed 1225

cross sections for capture and scattering/1/.

of Hibdon/2/ and Singh/3/.
to be 5.4 fermi.

resonance integrals are as follows: 1225
1225

2200 m/s cross section(b) res. integral(b) 1225

elastic 3.75 1225
capture 0.050 0.0312 1225
total 3.80 1225

mf=3 Neutron cross sections
Below 520 keV, no background cross section is given and all the
cross-section data are reproduced from the evaluated resolved

resonance parameters with the MLBW formula.

Above 520 keV, the total and partial cross sections are given in1225

the pointwise form.
sk For JENDL-3.3 seokk A

Calculated 2200 m/sec cross sections and

*%1225

background cross sections were considered for mt=1,2 to1225

reproduce the elemental total cross sections of JENDL-3.2

HAAAAAAAAC A AR AR AR R KR KRR KRR Rk Rk okookokokokok 1225

mt=1 Total
Optical and statistical model calculation was made with

1225

1225
1225

1225

1225
1225
1225
1225
1225

1225

1225

1225
1225

casthy code/4/. The optical potential parameters used are: 1225 31
V = 49,68, Vso = 7.12 (MeVv) 1225 32

Ws = 7.76 - 0.5%En, Wy = 0 (MeV) 1225 33
r=1.17, rs = 1.09, rso = 1.17 (fm) 1225 34
a=0.6, aso = 0.6, b = 0.69 (fm) 1225 35

sk For JENDL-3.3 seksskskoioioioiolololoiololoiololoioioioioioioioioiiisrooaok 12 25

The elemental data of JENDL-3.2 were taken after subtracting 1225 37
Mg-25,26 contributions. 1225 38

1225 39
mt=2 Elastic scattering 1225 40

1225

Obtained by subtracting the sum of the partial cross sections
from the total cross section.

2.638460-
2.650530-

WWWwWwWwwwwwuwwwwwwwwwwwuwwuwuwwuwwwwwwwuwwuwwuwwuwwuwwuwwwwwww
NNNNNNNNNNNNNNRNNNRNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
N
@

2.232440+ 47

=24 . v . 0 8000, U0 0 2.236010+ 48
12-Mg-24 1225 3 16 VI 0.0 -16530600.0 7 5 2.238390+ 49
12-Mg-24 1225 3 22 VI 0.0 -9314530.00 11 11 2.241950+3-2.659820-1 50
12-Mg-24 1225 3 28 VI 0.0 -11691500.0 9 9 2.245520+ gggggzgzl 2;

1997 negative cross sections

detected

2.249080+:

indeed they are in the
original jeff3.1.] tape
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but negativity_Is_ sometimes

the recommended data of BNL/1/ and the data for a nTIeeTs 225 1451 51 =10+ 3 2 5
o e resonance were added so as to reproduce the recommended thermal@225 1451 52 30+ 3 2 6
I nte ntl O na cross sections for capture and scattering/1l/. The data for 225 1451 53 50 3 2 7
some levels were modified so that the calculated total cross 225 1451 54 80 3 2 8
sections of the element Mg were fitted to the experimental dataf225 1451 55 10 3 2 9
of Hibdon/2/ and Singh/3/. The scattering radius was assumed J225 1451 56 70 3 2 10
to be 5.4 fermi. Calculated 2200 m/sec cross sections and 225 1451 57 10 3 2 11
Retrieval Criteria MAT resonance integrals are as follows: 225 1451 58 30 3 2 12
Monitor Mode off 225 1451 59 60 3 2 13
Minimum Cross Section-——————m— 1.0000E-10 (Defaul 2200 m/s cross section(b) res. integral(b) 225 1451 60 80 3 2 14
Keep Evaluated Data Points——- No elastic 3.75 225 1451 61 8o 3 2 15
capture 0.050 0.0312 225 1451 62 40 3 2 16
ENDF/B Input and Output Data Filenames total 3.80 ggg 1451 63 go 3 & W
. . 1451 64 00 3 2 18
/home/mch}n/]eff_311/]eff311n1225_0.asc mf=3 Neutron cross sections 225 1451 65 20 3 2 18
/home/mchin/endf2pendf/temp. pendf Below 520 keV, no background cross section is given and all the ¥225 1451 66 30 3 2 20
cross-section data are reproduced from the evaluated resolved 225 1451 67 .60 3 2 21
Requested Ranges resonance parameters with the MLBW formula. 225 1451 68 110 3 2 22
Above 520 keV, the total and partial cross sections are given inJ225 1451 69 POO 3 2 23
Minimum Maximum the pointwise form. 225 1451 70 150 3 2 24
MAT MF MT MAT MF MT skkxx For JENDL-3.3 sofofokokoRRok ok * k225 1451 71 1120 3 2 25
NEPERSE background cross sections were considered for mt=1,2 toJ225 1451 72 390 3 2 26
) 0 9999 99 999 reproduce the elemental total cross sections of JENDL-3.2 225 1451 73 1180 3 2 27
AR KRR KR R KKKk R KRR KRR Rk Rk Rk ook oook 1225 1451 74 :»80 3 2 28
j & & 225 1451 75 70 3 2 29
Allowable Uncertainty Optical and statistical model calculation was made with 1225 1451 76 ’60 3 2 30
. casthy code/4/. The optical potential parameters used are: 1225 1451 77 150 3 2 31
Energy Uncertainty  per-cent V = 49.68, Vso = 7.12  (MeV) 1225 1451 78 !»40 3 2 32
Ws = 7.76 - 0.5%En, Wv =0 (MeV) 1225 1451 79 40 3 2 33
0.0 . 001000000 0.1000 r=1.17, rs = 1,09, rso = 1.17 (fm) 1225 1451 80 |30 3 2 34
a=@0.6, aso=290.6, b=0.69 (fm) 1225 1451 81 :20 3 2 35
ENDF/B Tape Label soioiick For JENDL=3.3 sesickiclolioiolcioiolioooossosssoacoooooooek 1225 1451 82 ‘10 3 2 36
The elemental data of JENDL-3.2 were taken after subtracting 1225 1451 83 100 3 2 37
JEFF-3.1.1 general purpose neutron file update re Mg-25,26 contributions. 1225 1451 84 1120 3 2 38
1225 1451 85 3;3 g g 33

: ; mt=2 Elastic scattering 1225 1451 86 |
Hateriat HAT HF - HE Eﬁ?;gs Kelvin ¢ Obtained by subtracting the sum of the partial cross sections 1225 1451 87 J40 3 2 41
from the total cross section. + 30 3 2 42
- 3 2 43
12-Mg-24 1225 3 1 VI 0.0 0.0 I vvv wur 3 2 44
WARN |\ - _ADOVE 0 s ion Negative 3 L Nerqgle 3 2 45
12-Mg-24 1225 3 2 VI 0.0 0.0 2800 2673 ‘ 3 2 46
WARNING - Above Cross Section Negative at 1997 Energies 2.232440+" 3 2 47
=77 . . e Lol 1oL L IR L" . 5 2.236010+" 3 2 48
12-Mg-24 1225 3 16 VI 0.0 -16530600.0 7 5 2.238390+3-2.697430- 3 2 49
12-Mg-24 1225 3 22 VI 0.0 -9314530. 00 11 11 §§2§§§2: gg;gggg-i : g g gg
12-Mg-24 1225 3 28 VI 0.0 11691500.0 9 9 > 249080+1-2 . 598640-1 F 3 2 52

detecting negative values is easy
we don’t even need PREPRO / NJOY;
the point is what to do with them

as presented at ND2010 (Jeju Island) by me@marychin.org
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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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FLUKA vs MCNP(X)

Q-value

;Li+ga 2.792 MeV (ground state) 0.48 MeV
TLi*+%a  2.310 MeV (excited state) gg 00 0

lgB -+ (l)n—> {

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
as presented at ND2010 (Jeju Island) by me@marychin.org
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FLUKA vs MCNP(X)

Q-value

;Li+ga 2.792 MeV (ground state) 0.48 MeV
TLi*+%a  2.310 MeV (excited state) gg 20 10

lgB +- cl,n—> {

from a single collision won't find such
MCNP(X) would happily produce  aberrations in
one, two or three 0.48 MeV gammas FLUKA coz
(each of weight=1) FLUKA is
analog
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 as presented at ND2010 (Jeju Island) by me@marychin.org
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