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Outline

MCNP/X overview

DNDO MCNP/X project
overview

Highlights of various
features

*R. L. Brodzinski et al., “Evaluation of Active Interrogation
Techniques for Detecting Special Nuclear Material in Maritime
Cargo Containers,” PNNL-15722 (2003)
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Simulation status as of June 2006*:
- Results had large uncertainties
- Execution times were very long
- Lacked background contributions
- One-off delayed gamma treatment
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MCNPX/MCNPG6 are 3-D, all-particle, all-energy Monte
Carlo transport codes

Monte Carlo radiation transport code

Extends MCNP4C/MCNPS5 to virtually all particles and energies
34 different particle types + 2205 heavy ions

Neutrons, photons, electrons, protons, pions, muons, light-ions, etc.
Continuous energy (~0 -1 TeV/n)

Data libraries below ~150 MeV (n,p,e,h) & models otherwise
General 3-D geometry
1st & 2nd degree surfaces, tori, 10 macrobodies, lattices

General sources and tallies
Interdependent source variables, 7 tally types, many modifiers

Supported on virtually all computer platforms

Unix, Linux, Windows, OS X (parallel with MPI)
/)
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MCNP has been under development for almost a century —
and it wasn’t always called MCNP!
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The current century of development —why so many
versions of MCNPX?

L2.7.A1 LZ.?.BI L2.7.C1 L2.7.D1
2.7.A2 2.7.B2 2.7.C2 2.7.D2
2.7.A3 2.7.B3 2.7.C3 2.7.D3
— | 2.7.A4 — | 2.7.B4 — | 2.7.c4 — | 2.7.04
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Resources for MCNP/X users

~5000 users world wide

Provide ~10 workshops per year (75% US, 25% international)
1-2 workshops per year have a HS emphasis
Access to RSICC released versions only

http://www-rsicc.ornl.gov/ (BCC-004) 2.7.0

Limited access to MCNPX web site

http://mcnpx.lanl.gov (some documentation and data)

~2000 registered Beta Users
Full access to MCNPX web site

Access to intermediate Beta versions
Increased user support
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Outline

MCNP/X overview

DNDO MCNP/X project
overview

Highlights of various
features
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Simulation status as of June 2006:
- Results had large uncertainties
- Execution times were very long
- Lacked background contributions
- One-off delayed gamma treatment
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MCNP/X is an essential tool for predicting radiation
detector system performance

U.S. needs a single end-to-end (i.e., source-to-detector)
simulation tool to evaluate, design, and optimize SNM
detection systems

Physics and algorithm upgrades were identified to enable
simulation of DHS detection systems

Upgrades for the MCNP/X transport code are being
developed to:

Incorporate all signal and background signatures

Span the range of DHS design and analysis needs

Predict and optimize receiver-operator characteristic (ROC) curves
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Project plan includes a prioritized approach with a
commitment to verification and validation

Created a prioritized list of capabillities to address gaps
Includes ~12 18 features implemented over-5-7 years
Important physics upgrades developed first
Algorithm and data refinements primarily in the out years

Accomplish objectives by:
Following standard SQA procedures (verification)

Validating-newphysies-with-benchmark-measurements— Eliminated

Re!eas;_n_n new MCNP/X versions to DHS users

Bs” BB S

Project contributors

Radiation Transport team (NEN-5); ~3 STEM students/yr
Nuclear Data & Modeling team (T-2)
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Project Gantt chart — top level tasks separated into five

categorles
TaskName 5550 2007 2008 2009 2010
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Plans and Schedule — Top level FY11 tasks ($1.3M)

Automatic production of background activation (6 of 6 yr)
Neutron & gamma background sources (2 of 2 yr)

Time dependent pulse-height tallies (2 of 2 yr)

Test suite improvements to provide verification (6 of 6 yr)

Correlated secondary particle production (5 of 5 yr)

Directional photon tallies (1 of 2 yr)

Vulnerabllity analysis (2 of 2 yr)
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Plans and Schedule — Top level FY12 tasks ($0.3M)

Migrate delayed beta feature from MCNPX to MCNP6
Migrate pulse-height trigger feature from MCNPX to MCNP6
Update cosmic source feature to MCNP6 main trunk
Update background source feature to MCNP6 main trunk

Migrate other features to MCNPG6
Low-energy secondary particle correlations (CGM Link)
Compton image tally option
Scintillator response curves
Fixed-source eigenvalue

AAAAAAAAAAAAAAAAAA
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MCNPX public version 2.6.0 - DNDO sponsored features
account for ~40% of new capabilities

Physics Enhancements

Muon capture physics

Integration of the LAQGSM event generator
Heavy-ion transport

Integration of the Cinder code

Photo-fission yield data

Delayed particles from activation

Upgrade of the CEM event generator

lon production from library neutron capture
Gravity effects for neutrons

Updated photon de-excitation data

Source Enhancements

Transmutation with KCODE
Acceleration of KCODE source convergence
Spontaneous decay photon sources

7
> I./ojs Alamos

NATIONAL LABORATORY

Tally Enhancements

Termination based on precision
Spherical mesh tally plots
Differential tallies extended to library events

Variance Reduction Enhancements

Spherical mesh WW (weight windows)
Coupled space-energy-time WW
Additional WW controls

Other Enhancements

Long file names

Proton step size control

Output for induced-fission multiplicity
Several graphics enhancements

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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MCNPX public version 2.7.0 - DNDO sponsored features
account for ~60% of new capabilities

Physics Enhancements

CEM upgrade to 03.02
Adjustable stopping-power grid
LLNL photofission multiplicities
Delayed gamma exact sampling
LLNL neutron fission multiplicities
Muonic x-ray enhancements
Delayed neutron spectra

NRF data in ACE libraries
Improved photoatomic form factors
DG algorithm improvements
GEF photofission yields
LAQGSM upgrade to 03.03

Source Enhancements

Burnup enhancements
Pulsed sources

Beam source options
Natlyral background sources

» Los Alamos
NATIONAL LABORATORY
EST.1943

Tally Enhancements

Tally tagging*

LET tally option

Quality factor tally option

Cyclic tally binning

ROC curve tally option

Residual tally upgrades

Triple & quadruple coincidences
Time-dependent pulse-height tallies

Other Enhancements

MCPLOT graphics enhancements
Activation options (ACT card)
MCPLOT tally manipulations
Nested READ cards
Feature-based memory reduction
M & MX card extensions
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Outline

Simulation status as of June 2006:

_ - Results had large uncertainties
MCNP/X overview - Execution times were very long

- Lacked background contributions
DNDO MCNP/X project - One-off delayed gamma treatment

overview S I o
1.0E+04 ;Eze:zted —‘
Highlights of various S

1.0E+03

1.0E+02

features

1.0E+01

Delayed Gammas (counts/im)

1.0E+00

1.0E01

1.0E02 +

» Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA A ‘ o0
NI A u




Physics: LLNL fission multiplicity — benchmarking of
neutron multiplicity from thermal neutron induced fission

Comparison to Measured Data (Holden, 1986)

U-233  U-235  Pu-230 «ﬂ% 241

PO 133%  7.11% 0" €05 L.90%
P1 3.60% 7.41% \\dioﬁ N 0.30%
P2 1.67%  0.90%” @Q% b 0.66%
P3 3500 "Nt 0.03% 1.04%

\)\\\Q oS
P4 5.44% i@‘% | 0.21% 2.25%
P5 17.07 o wsl%  010%  1.69%
. 2

P6 @S 19.70%  1.23% 13.37%
p7 sVt b 45.90%  1.69%  30.89%
1st mom= w\ SO Uu46%  0.94%  0.10%  0.45%
and- o Pe®  193%  158%  028%  0.89%
A 3rdme 496%  043%  071%  1.17%
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Physics: LLNL fission multiplicity — benchmarking of

neutron multiplicity from spontaneous fission

Comparison to Measured Data (Holden, 1986)

U-238 Pu-238 Pu-240 Pu-242 Cm-242 Cm-244

PO 0.02% 4.14% 0.01% 1.55% 0.05% 0.05%
P1 0.00% 2.57% 0.00% 6.94% 0.01% 0.01%
P2 0.01% 0.13% 0.01% 3.03% 0.00% 0.00%
P3 0.01% 1.07% 0.01% 11.59% 0.00% 0.00%
P4 0.00% 2.94% 0.00% 49.57% 0.00% 0.00%
P5 0.05% 5.34% 0.03% 29.55% 0.01% 0.01%
P6 0.00% 99.92% 0.07% 0.07%
P7 0.07% 0.02%
P8 0.30%
1st moment 0.00% 1.04% 0.00% 0.00% 0.00% 0.00%
2nd moment 0.00% 2.10% 0.00% 2.01% 0.00% 0.00%
3rd moment 0.00% 3.20% 0.00% 6.52% 0.00% 0.00%
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Physics: LLNL fission multiplicity — provides prompt
gammas from photofission (physics gap in ACE libraries)

12-MeV photons 1nto U-235
1 1 -19.0 -1 imp:n=1
2 0 1 1mp:n=0 e I— T e e 3

1 so 1.0

mode n p

ml 92235 1 pnlib=.70u

PHYS:P J 1 jJ 1 2 1 $ LLNL model

sdef par=p erg=12

LCA 73 -2

fl:n 1

el le-6 1991o0g 12

fll:p 1

ell le-3 19910g 12

ftll tag 3

full -1 0.00004 52000.00003
92235.00005 92000.00005
92235.00018 1el10

nps 1000000

print

— 0O 0 =0 XIS 0t 0 3 m

TR B R 8 e S B B

ACE (~3y/nf)

'_'h.
1

LLNL (~7y/)
LLNL (~3y/nf)
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Physics: delayed particle production — delayed neutron
spectra calculated for nearly all beta-unstable nuclei
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Physics: delayed particle production — using measured
delayed neutron spectra for low-Z nuclei
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Physics: delayed particle production — using calculated
delayed neutron spectra for 270 fission products

Figzion Product AF+L
-

Beta Decay

Cbota

i

Nuclear Structure Model

Q/I nf fha 270N
O4 Ul uic Z£i v

are based on
the others us
have updatr
LANL n

§I-atIStIC<,
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Physics: delayed particle production —a simple delayed
neutron activation example

16-MeV neutrons i1nto BeO

1 1 -1.0 -1  imp:n=1 A T
2 0 1 imp:n=0
l1so 1.0
ml 4009 1 8017 1 1e-1 -
sdef par=n erg=16 "
ACT NONFISS=all DN=model y
DNBIAS=5 ;
Ica 7] -2 .
fl:n 1 y -
el .1 999i 10. :
t1 0.001000e8 1e30 ; i
nps 1000000 ; :
print i
:
1e-3 1 H o ; i
g Li DN
' i
i i
| ’
= !
: ‘
le-d A7 T IS e e e e e e
0 2 4 [ 8 10
/)j Energy (M
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NATIONAL LABORATORY
Operated by the Los Alamos National Security, LLC for the DOE/NNSA A ‘D :‘
/| VA “-ﬂ 22



Physics: delayed particle production — new delayed gamma
library with improved algorithms provide high fidelity

Thermal neutrons 1Into U-235

1 1 -8.9 -1 imp:n=1 0,25 : --------- [ Lo Lo L
2 0 1 imp:n=0 1 .
1 so 1.0 A
KR | g
m1 92235.70c 1.0 i
mode n p ;ﬁri '
ACT DG=lines $ Use line data ; || .
cut:n j joo S ] a | 25-bin | Exact | g
fca 73 -2 o My Integration Integration
sdef par=n erg=2.54e-8 : I !
fl:p 1 : E :
el 0.0 399i 10 t ] 1 i
sdl 1 0] : o
tl le4 1e30 . i
tfl 73] 2 ]
nps 25000 :
print 0,05 . -
m |

[\-7 ’ ' Eier‘gg {Hel's ’ ! :
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Physics: delayed particle production - spectroscopic
results from HEU fission agree with measured data

T E. — — T T T T T T LEG metal |~103 ﬁﬁsicnlsfg T ’ ‘ (\
8§ Coodl Time Prior To Count 1050s \0
8 Count Live Time 350s “\\%%

Sb-130/Sh-130

Rb-90VRb-20m

RN MCNPX with
e eo'%?*‘ ) exact sampling .
! 8\@* @O 2
» ‘\Qg L
D W
e O ‘o g 3 g
@ R4 =& 2 =
SN : 2 :
QY27 e
WA
/\ 1,0e-05
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Physics: delayed particle production - spectroscopic
results from 23°Pu fission agree with measured data

\\ E T T ‘ T T T ‘ T
§§ Pu-239 Metal ~10° fissions/g (\
55 Cool Time Prior To Count 1100s '\0
o«
- Count Live Time 350s . %6
5 3 Q
1 OV O

Beddingfield 1998 .(\6006(?9

Rb-90/Rb-90m

Te-133m

= Ba-142

MCNPX with
exact sampling

Ny 6\<\g 2
S .~ E
2) O)
O&“* &
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Physics: photofission fission-product yields — French GEF
code used to generate new actinide yield curves

Fission from 238U (E*=10MeV)

1@
b

Yield (%)
[
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ﬁ;
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L
%Ill:l

28 - ; il i
20 | r__:: mg ::E:‘:I 1’_'_,_1"—’_‘ a.a - ",.'“.'II ; = 7 -
:?IFE{H%:E ; -_rrE' " o Pustj-::utr- n:‘la -
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Physics: photofission fission-product yields — French GEF
code used to generate new actinide yield curves

Yield (%)

Yield (%)

232Th 5> MeV 10 MeV 15 MeV
7 o . 7 =
RN AN A ANEAN
SENREER RN AR ani A
'1 SEESE ] ﬁmwf | \,* 1 AT B
/ | | L
j /WMW\ l Ij /ﬂ/ ‘\, %L\ U | | \\ / x \
I [ = : T ' T " - | / t '
230py,  rerrmeeten e T e etean e ” " e e
|
) i e | 5| P
ff) \ j.'ﬂ\ ] /B\\'\ g 7/\\ A LT - .-"/m\ \";\’
, \ M| % M\?ﬁ\ \
fj / \\ k J/ \ /{ : vj»ﬁ(% Wit % ;f ,/J x‘ /}; 1 %1.
<.l i , ]
E L N&’MZZ\ '\, N\JT j i JL | J e “ , / \\.
J NLA?& ﬁLIEmT;:; nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Physics: photofission fission-product yields —a simple
photofission example of delayed gamma production

12-MeV photons into U-235 Tt L S Y
1 1 -19.0 -1 imp:n=1 ]
2 0 1 1mp:n=0

1 so0 1.0 - GEF cinder.dat
G ; : -

mode n p g CEM Clnderdat

ml 92235 1 SN

phys:n 3j 105 7 E

phys:p 3j 1 j -102 $ Line data :

sdef par=p erg=12.0 /

lca 7j) -2 ; 1e-34

fl:n 1 i ]

el 1.e-3 999i 15.0 s

tl 100 1e37 §

fll:p 1 e
ell 1.e-3 9991 15.0 ]
tll 100 1e37 l
print -5
nps 1000000 ]

16—6 ||||||||||||||||||
i 2 4 ] g 10

/-\ Energy (Mel)
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Physics: muonic x-ray production — MUON/RURP codes

used to generate new library with 295 isotopes
L - Energy Levels K - Energy )
Nuclide Energy (MeV) ]| Probability Energy (MeV® 9\\\,(\ by
°
O —_—
He-3 P 66\0 000
He-4 1.00000
. R Q Qg\
Li-6 1.00000
. RSN @
Li-7 @ N 1.00000
Be-9 0.00619 1.00000 @g N NO" 03973 1.00000
B-10 0.00970 0.33373 . 0‘|~’ WO 0.06223 0.33327
0.00970 0.6F 000\ 00‘ 0.06223 0.66673
B-11 0.00971 &Y Ko™ 0.06228 0.33327
0.00971 6’5@ 6\(\\0@ 0.06229 0.66673
€-12 0.012" $0Q Qe 0.07587 0.35847
0 O@? ,\\0@ 4394 0.07589 0.07160
AN @@‘3 0.04989 0.08984 0.18988
e\@\f(\\e& 0.09955 0.08984 0.37989
\ ®\ 0.08985 0.00014
C-13 O ‘?\$ ..01397 0.14162 0.07591 0.35847
g\c’ 0.01398 0.70890 0.07592 0.07161
?“?)‘ 0.01402 0.04990 0.08989 0.18987
0.01402 0.09957 0.08989 0.37989
[\7 0.08989 0.00014
» Los Alamos
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Physics: muonic x-ray production — good agreement with
previous data and measured data

Prob.

New Data vs. Previous Data

1
16
08 llB 19C ™ |
il
B
06 !
04 H
i
02 1 |
0 =i i i
0o ol 902 03 04 05 06 07 08 09 10 01 02 03 04 ©05 06 07 08 09 1 O 0l 02 03 04 05 06 07 08 03 1
Energy (MeV) Energy (MeV) Energy (MeV)
1
56 20 2381 1
o -—y Fey T 5p 7 : U
06
& o
04
]
02 i 8 M b4
0 st zl) — & ofl m k-
0 02 04 06 08 1 12 14 16 18 1 2 6 7 8 10 2 3 B 5 6 7 8 9 10
Energy (MeV) Energy (MeV) Energy (MeV)
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Physics: muonic x-ray production —a simple example of

shielded HEU
200 MeV muons into shielded HEU rmeshll:| flux
1 1 -19.0 -1 imp:p=1 corall -11.1 1991 11.1
2 2 -11.35 1 -2 1mp:p=1 corbll -11.1 11.1
3 3 -1.0 2 -3 1mp:p=1 corcll -11.1 1991 11.1
4 4 -7.9 3 -4 iamp:p=1 endmd
5 0 4 imp:p=0 nps 1000000

print Fe Y
1 so 2.0
2 so 7.0
3 so 10.0
4 so 11.0

ml 92235 .5 92238 .5

m2 82204 .0140 82206 .2410 82207 .2210
82208 .5240

m3 26054 .0585 26056 .9175 26057 .0212
26058 .0028

m4 1001 2.00 6012 .99 6013 .01

mode nphdtsa/Z z |

phys:n 210

phys:] 6§ 1 $ new data

sdef par=] erg=200 pos=-10.999 0 O
vec=1 0 O dir=1

fl:p 4

el .001 9991og 10

tmesh

» Los Alamos
NATIONAL LABORATORY
EST.1943
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Physics: muonic x-ray production — a simple example of
shielded HEU

Photons escaping the shield

I

1e+:1: E

.
? U |

1e—2_ ? 3
1e-3 3
1==4 J 3
Muon flux within . L‘L[
= I L I A A R L R L
the stack 0 2 4 6 g 10
/\ Energy (el
» Los Alamos
NATIONAL LABORATORY
Operated by- the Los Alamos National Security, LLC for the DOE/NNSA /Y | ‘DQ&?‘
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Physics: nuclear resonance fluorescence — improvements
In photoatomic & photonuclear data libraries were needed

1e+2:}..' T TR :
o1 l 2351 )
L1 ONRF Ul
':i I [
1 |
1e+1—: ‘l \\I I E
RN T— Incoherent |
-3 \ -
Vo I I
L ,
“ I “‘r I
\‘ I o, . I
le+0 - o, i
i - Photonuclear
‘ .. | :
2 I \\\ \‘\-’-{‘m‘_-‘ ',"'“"--..--"---. %‘\ :
3 N [ # ““““““““ ™~ L
o0 : . ] ;', “““““ :}:\_h‘
L -
le-1 : \\\\ | //’ _ M\\ o
. b Photoelectric N
.
| -~
I A |
| T
13—2—: I I ““““““ =
I I ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
I I ~~~~~~~~~~
: : Coherent
}
18—3 __I_l_IL_I=|_I__|=I_I__|=|_I__I__I_IE |I T T T | T T T T T T T T T T T T T T T T T T T
/'\ 0 5 10 15 20
) Energy (Hel'}
» Los Alamos
NATIONAL LABORATORY
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Physics: nuclear resonance fluorescence — coherent &
Incoherent form-factors were improved for all elements

: . S)
] 1.7 MeV photons into U cQ‘\O\
le-5]
: (p=momentum transfer’
\((\Q Qt\'\\ i
‘\O( \Q’ A -1
] o2 N0 oA7)
E le—T-"—E (\)Qg; '\6Q L
t O .
BN
: EPA Y
\e\e(\ «(b
pj Cozine
- Los Alamos
Operated by- the Los Alamos National Security, LLC for the DOE/NNSA /f?\i“ﬁ‘%‘i



Physics: nuclear resonance fluorescence — new NRF
photonuclear library (PN6-NRF) consists of 154 nuclei

Test of 6012.33u NRF data

1 1 -1.0 -1 imp:pzl $%
2 0 1 imp:p=0 »
Z
A\
1 so 1.0 X
: q‘”°o
mode p Le43 86\(\6)\'\\\ | ey
ml 6012 1 nlib=.33u (%) g
Ilca 7j -2 " 1 \‘QKO(: Q)Q/ 12C [
phys:p 3j 1 le#2 @CO‘ $0 . _
sdef par=p erg=dl ) s , A
sil H 0.000000000000000 & 6\6’0 o0 PN .33u i
4.438830000000000 4.439030000000000 & /Q‘ OO\" fil:
9.657920000000001 9.658120000000000 & \ . P
10.000000000000000 ‘\0@‘* OO Photoatomic i
spl 0 1 4r A i
print NN o
nps 1000000000 Q* 22 L ':
fl:p 1 O$ @ ] Pt
el 1le-3 999log 12 AW (' ] i,
© :
6\‘\ (%) 1ef2—E ! E
O*e\‘ (\’@KS\ 7 L
®‘\\O ®\ le-34 j f - 3
<> PN .70u /4}/
16—4......‘.‘.......‘.:|‘.......‘""|.‘..
/'\ 0 5 10 15 20
/j Energy (MeV)
» Los Alamos
NA?C?\IAL L;EORA'gR§
Operated by- the Los Alamos National Security, LLC for the DOE/NNSA //%Avl‘ Dggi



Physics: nuclear resonance fluorescence — new NRF
photonuclear Ilbrary (PN6 NRF) consists of 154 nuclel

let)) SR C
12C |
NRF (.33u) :
1.6 y/coll.
16—1—: C
3
et
>
[}
% 16—2—_ -
& ]
= I
o L
e .
i
No NRF (.70u)
le2 2.6 ylcoll. 3
-4+ T
/\ 0 3] 10 15 20
fj Frergy (Mel)
» Los Alamos
NATIONAL LABORATORY
Operated by- the Los Alamos National Security, LLC for the DOE/NNSA A ‘DQ’ 1
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Physics: nuclear resonance fluorescence — new NRF
photonuclear library (PN6-NRF) consists of 154 nuclei

Test of 26056.33u NRF data

1 1 -1.0 -1
2 0 1

1 so 1.0

mode p

imp:p=1
imp:p=0

ml 26056 1 pnlib=.33u

Ica 7jJ -2
phys:p 3j 1

sdef par=p erg=dl
0.000000000000000 &

sil H
.846680000000000
.657460000000000
.959820000000000
.369640000000000
.449200000000000
.601910000000000
.831910000000000
.539410000000000
.846910000000000
.227210000000000
.256910000000000
.926410000000001
.065910000000001
.134910000000001
.166910000000001
.211410000000000
.248410000000000
.446410000000000
.ﬁ6B410000000000

—
‘Los Alamos

NNNSNSNNNOUORMDNWWWWNNO

0.846880000000000
2.657660000000000
2.960020000000000
3.369840000000000
3.449400000000000
3.602110000000000
3.832110000000000
4 .539610000000000
4._.847110000000000
5.227410000000000
5.257110000000000
6.926610000000000
7.066110000000000
7.135110000000000
7.167110000000000
7.211609999999999
7.248609999999999
7.446610000000000
7.468610000000000

Ro R0 R0 R0 R0 R0 R0 RO RO RO RO RO RO RO RO RO RO RO Ro

[ e R w = ]

8.128510000000000
8.239610000000001
8.536610000000000
9.140210000000000

10.000000000000000

spl O 1 46r
nps 1000000000
fl:p 1

el le-3 9991og 12

8.128710000000000 &
8.239810000000000 &
8.536809999999999 &
9.140409999999999 &

lets ]

le+1—:

Photoatomic

>°Fe

le+s

le-19

18_2—:

16_3—:

led—+—H——— =

— T T T T T T T T T T T T
10 15 20
Energy (MeW)

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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Physics: nuclear resonance fluorescence — new NRF

photonuclear Ilbrary (PN6 NRF) consists of 154 nuclel

Tt

18_1j

Photons/MeV/coll.

16—81

16—2j

No NRF (.70u) %

3.4 y/coll.

NRF (.33u)
3.1 vy/coll.

S6Fe |

16_4 T T T T T T T T T

i
> I.c?s. Alamos

NATIONAL LABORATORY

110 15
Erergy  (MeV)

20

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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Physics: nuclear resonance fluorescence — new NRF
photonuclear library (PN6-NRF) consists of 154 nuclei

Test of 92235.33u NRF data spl 0 1 34r
1 1 -1.0 -1 imp:p=1 print
2 0 1 imp:p=0 nps 1000000000

fl:p 1
1 so 1.0 el le-3 9991og 20
mode p
ml 92235 1 pnlib=.33u
Ica 7j -2 T —— ' : '
phys:p 3j 1
cut:n j J OO ] 235LJ
sdef par=p erg=dl le+2 ; L
sil H 0.000000000000000 & ] PhOtoatO mic
0.046210000000000 0.046230000000000 &
0.103030000000000 0.103050000000000 & Lo+l L
0.633090000000000 0.633110000000000 & ]
0.637800000000000 0.637820000000000 & ]
0.664540000000000 0.664560000000000 & Lot P N . 33 u L
1.656220000000000 1.656240000000000 & : ] S g
1.733590000000000 1.733610000000000 & n //" - ™
1.815300000000000 1.815320000000000 & 8 o] e e |
1.827530000000000 1.827550000000000 & : PN .70u ~G
1.862300000000000 1.862320000000000 & hE
2.003310000000000 2.003330000000000 & | Py I
2.006180000000000 2.006200000000000 & o7t / 3
6.799990000000000 6.800009999999999 & i i
7.659990000000001 7.660010000000000 & I i
7.959990000000000 7.960010000000000 & 1733 | 3
11.359990000000000 11.360009999999999 & 1 8
13.959990000000001 13.960010000000000 & 1 | -
ZQ/ODOOOOOOOOOOOOO led R tr—

0 ] 10 15 20
Energy (MeW)

)
» Los Alamos

NATIONAL LABORATORY
EST.1943
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Physics: nuclear resonance fluorescence — new NRF
photonuclear library (PN6-NRF) consists of 154 nuclei

le+0: g C
] 235 B
NRF (.33u) Ut
5.0 y/coll.
le-1 -
3
et
>
[}
% 16—2—: —
5 No NRF (.70u)
o
5 5.0 y/coll.
1e-34 -
leitr——r+—+r—r-r»—+r—v+gy—+—rr—r—r—r—rr—r7T T T TT—T TP 7T T T T T T T T T
0 3] 10 15 pill]
pj Erergy (MeW)
» Los Alamos
NATIONAL LABORATORY
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Sources: micro/macro beam pulse option — nesting of time
distributions provides accurate beam modeling

- 7

2 .

SDEF TME=D41

# si4l sp4l
S D ]
51<52 1 _
(31<32<33) .8 .
siS1H 0 1 2 :
sp51 0O 1 O v 4
si52 A -26 -16 :
Sp52 0o 1 -
si3l o 1 2 ;-
sp31 O 1 0O i
si32 0 16 s
sSp32 -41 8 8
si33 -16 32 1
sp33 0 1 g
/\ ‘—30

)
» Los Alamos

NATIONAL LABORATORY

=10

20 30 40 50
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Sources: beam profile source option — new user interface

Increases fidelity of spatial profiles

SDEF PAR=] ERG=100 POS=0 0 O AXS=0 O
BEM=9.776e-3 9.776e-3 100 BAP=1.

Beam aperture<

Beam radius Xop

P

I’f \. x

Q

\Bcam envelope

atz=10

l

v

v

G
Y

Disk source positioned at POS,

with a normal given by AXS
and a orthogonal axis by VEC

/'\
s Ifojs Alamos

NATIONAL LABORATORY
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Sources: beam profile source option — new user interface
Increases fidelity of spatial profiles

o>
. O¢
Beam transport in vacuum Beam tra~ ‘gﬁ af

» Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA /&“A IAVD‘?&#}



Sources: beam profile source option —a simple example
for a 100-MeV muon beam

100 MeV muons 1n air

1 1 -0.0013 -1 2 3 imp:n=1

2 2 -19.0 -2 imp:n=1

3 1 -0.0013 -3 imp:n=1

4 0 1 imp:n=0

1 so 200

2 sph 50 00 3.0

3 rcc -1 00 400 0 .001

mode n p h | Disk
ml 7014 .8 8016 . sSource

anN

m2 92235 .5 92238 .

phys:n 200 '__ﬁ

sdef par=] erg=100
pos=0 0 0 axs=1 0 0 vec=0 1 O HEU
bem=9e-3 9e-3 20 bap=2.0 2.0 O

tmesh

rmeshl:] Fflux

coral O 4991 100

corbl -50 4991 50

corcl -50 50

endmd

nps 1000000

print

—
»Los Alamos

Operated by the Los Alamos National Security, LLC for the DOE/NNSA 7 R ‘D‘;‘
N A 4 g4




Sources: natural background source option — new data file
enables automatic sampling of background spectra

Neutron flux from Goldhagen JEDEC No. 89A (2006)

: 90.0 0.0 0.0 330
Rogtlnps from GADRAS, Flux (n/cm2/s) 0.1193E-01 Flux (p/cm2/s) 0.1667E+00
which implement the 1.0593E-10 2.1270E+02 4 .6400E-02 0.0000E+00
. 1.1885E-10 2 _.3849E+02 4 _6500E-02 1.4500E+01
Goldhagen normalization 1.3335E-10  2.6743E+02  4.6600E-02 0.0000E+00
technigue for GCR 1.4962E-10 3.0003E+02 5.0100E-02 0.0000E+00
1.6788E-10 3.3624E+02 5.0200E-02 1.4900E-01
neutron fluxes, were 1.8836E-10  3.7715E+02  5.0300E-02  0.0000E+00
obtained and used to 2_.1135E-10 4 .2306E+02 5.3100E-02 0.0000E+00
: 2.3714E-10 4 _7393E+02 5.3200E-02 1.2600E+00
create integral flux 2.6607E-10  5.3131E+02  5.3300E-02  0.0000E+00
values contained in the 2_.9854E-10 5.9510E+02 6.3200E-02 0.0000E+00
: : 3.3497E-10 6.6707E+02 6.3300E-02 1.2500E+01
NBS file. A special flag 3.7584E-10 7.4766E+02 6.3400E-02 0.0000E+00
indicates the existence of
e LB Latitude Longitude Altitude lines
a specmc. spectrum for 20.0 120.0 0.0 0
that location. Also shown flux (n/cm2/s) 0.6866E-02 Flux (p/cm2/s) 0.1667E+00
Is the generic photon NY Latitude Longitude Altitude lines
spectrum currently 40.0 70.0 0.0 0
provided Tlux (n/cm2/s) 0.8859E-02 flux (p/cm2/s) 0.1667E+00
2,
> Los Alamos
OperatedElSJT;tBr:e3 Los Alamos National Security, LLC for the DOE/NNSA A ‘D 78
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Sources: natural background source option —a simple

example producing neutron spectra for NY and CA

Background source for NY & LB

1 -1 5 1mp:n=1
5 -5 imp:n=1
99 O 1 imp:n=0
1 -100 100 -100 100 -100 100
5 O 0 0 5
mode n p
phys:n 5e5
phys:p 1le5
sdef X=dl1l Y=d2 Z=d3 PAR=bg
WGT=578.93565 LOC=40.78 73.97 0 $ NY
C WGT=448.69310 LOC=33.77 118.18 0 $ LB
sil -100 100
spl 0O 1
si2 -100 100
sp2 0O 1
si3 -100 100
sp3 0O 1
f4:n 5

ed l1le-8 1991log 1leb
fl4:p 5
eld 0 2991 10

nps
pr

1000000000

» Los Alamos

NATIONAL LABORATORY

EST.1943

TaIIy spherei

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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Sources: natural background source option —a simple

example producing neutron spectra for NY and CA

Neutron Flux (#/cm?/s/lethargy)

1.E-03

1.E-03

1.E-03

Goldhagan

| |
(.012 n/lcm?/s) « A
| |

8.E-04

6.E-04 -

4604 +—of;

2.E-04 ¥

0.E+00

New York
(.009 n/cm?/s)

Wiinmy -

Marel s (’W “l

Ul giii ==

‘\ff’\\

B o U L L) 3
s 2o 0l oy ‘w'; v_.:‘\ s o % Vf-.""w"*,'#
/ _‘;\‘ S

Long Beach

(.007 n/cm?/s)

1.E-08

Los Alamos

NATIONAL LABORATORY
EST.1943

1.E-06

1.E-04

1.E-02

Energy (MeV)

1.E+00

1.E+02

1.E+04

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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Tallies: cyclic-bin tally option — simplifies accumulation of
tallies in pulsed applications

Pulsed 15-MeV gammas into U-235

1 1 -19.0 -1 imp:p=1

2 0 1 1mp:p=0

1 so 10 1 us pulse every 1 ms
ml 92235 1 outto 1s

mode p

phys:p 3 1 j -101

lca 7j) -2
sdef par=p erg=15 tme=dl<d2 -T
sil 0 0.000001e8 .001e8

spl O 1 0]
si2 0 1e8 Tally on
2 1 ,
o ) B emitted ys
t1 CBEG=0.0 CFRQ=1000.e-8 COFI=0.000005e8 Pulsed
CONI=0.0005e8 CSUB=5 $ CEND=1e8 i 4
ftl tag 1 15 MeV
ful 92235.99999 92000.0
nps 100000000
print
A
» Los Alamos
NATIONAL LABORATORY
Operated by the Los Alamos National Security, LLC for the DOE/NNSA 7 R ‘D )
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Tallies: cyclic-bin tally option — pulsed photon irradiation

Of 235U

le+l

Prompt

—
» Los Alamos

NATIONAL LABORATORY

Cyclic time feature accumulates
contributions across all 1000

repeated bins.

: Dead Alive Other
o] time time bin
€ >|€ > 2
Full time-dependent behavior of Delayed
1000 pulses with dead/alive time
bins repeated every 1 ms. Note
Pa decay after beam is turned off. : 1 o A
Operated by- the Los Alamos National Security, LLC for the DOE/NNSA //%AVIA‘/SE;%
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Tallies: ROC curve tally option — generates ROC curves
from signal & noise tallies using batches of samples

Threshold

| Tally result for

{ \ Signal 1st batch
(NPS=100000)
@

Counts

Tally Fluctuation Chart

NPS Signal Noise
Energy 100000  30.0 19.3

200000 32.1 25.1
Threshold 300000 28.3 20.8
- Tally result for .
@\ signal 2nd batch ;

Counts

. . (NPS=200000)

Energy

» Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA Y | ‘D%ﬂ
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Tallies: ROC curve tally option — generates ROC curves
from signal & noise tallies using batches of samples

CUM. PDF

Tally Fluctuation Chart

» Los Alamos

NATIONAL LABORATORY

NPS Signal Noise
100000 30.0 19.3
200000 32.1 25.1 ROC Curve
300000 28.3 20.8
. A -----
/,"/
4
U
V4
>
PFA
Counts
Operated by the Los Alamos National Security, LLC for the DOE/NNSA A ‘
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Tallies: ROC curve tally option — photon interrogation of
DU with gamma background

.4 N Y Y T S S S Y [ S S S S S S T S S S S S S S ST S Y S S S

20 counts (E>1 MeV)

Pulses/MeV/min.

PR S R RS TR S W S S S

4 counts (E>1 MeV)

~ Background T i
10y/cm?/min e ABAREssascessansaaes
y ' ] 1 2 3 4 5 B 7 B
,[‘j Energy (MeV
» Los Alamos
NATIONAL LABORATORY
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Tallies: ROC curve tally option — photon interrogation of
DU with gamma background

efem Perfect Shield ==@==2cm Pb ==fe=No Shield

1.0 = e —— S — B
_g—e—=

0.8 - ¥

0.6

| o Y o N o N o |
e

PD
A

|
e

0.4

0.2

PRI
LU
N
~
S

0.0 0.2 0.4 0.6 0.8 1.0

; PFA
» Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA i F. 'DB&.
//’ VAR~
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Tallies: triple & quadruple coincidences — extension of
PHL tally option enables high-order coincidencing

Format extended to add 3" and 4 regions

PHL IN T, F, 1T, IF, ... 1T, F,, 15t Region
°N 2T, 2F, °T, °F, ... 2T,y ?F\l 2"d Region
BN 3T, 3F, 3T, 3F, ... 3T4y 3F3\ ] 3" Region
N AT 4F 4T, 4F, L. 4T *Fan ] 4th Region

Other tally cards now allowed to specify energy channels

E8 IE,!E,E;'E, ... 15t Region

Fu8 2k, °E,?%E;°E, ... 2" Region

C8 3E;3E,3E;3E,... 34 Region

FsS8 “E,“E,*E;“E, ... 4th Region
ﬂ

—)
» Los Alamos

NATIONAL LABORATORY
EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA /7 .\ I.VD‘Q&}
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Tallies: triple & quadruple coincidences — a simple fission
example with 3He detectors surrounding %3°Pu

Thermal neutrons into Pu-239 fc8 Integrated Pulse Spectrum
1 1 -10.0 -1 imp:n=1 f8:h,t,s (2 3 4 5)
2 2 -1le-3 -2 imp:n=1 18 PHL 3 6 1 16 1 26 1
3 2 -le-3 -3 imp:n=1 36216 2 26 2
4 2 -1e-3 -4 imp:n=1 36316 3 26 3
5 2 -le-3 -5 imp:n=1 36416 4 26 4
6 O 12345 -6 imp:n=1 e8 0 10 NT
7 O 6 iImp:n=0 fu8 0 10 NT
c8 0 10 NT
1 sph O O 0 1.0 fs8 0 10 NT
2 rcc -10 O0-10 00 20 5.0 fg8 s c e u
3 rcc 10 O -10 00 20 5.0 fc28 Full Pulse Spectrum
4 rcc 0O -10 -10 0 0 20 5.0 28:h,t,s (2 3 4 5)
5 rcc O 10 -10 0 0 20 5.0 128 PHL 3 6 1 16 1 26 1
6 sph O O 0 100.0 36216 2 26 2
36 316 3 26 3
mode n h t s 36416 4 26 4
ml 94239 1 e28 01234567 89 10 NT
m2 2003 1 fu28 01 234567 89 10 NT
phys:n 55 1 2 c28 01234567 89 10 NT
cut:zn 23 00 fs28 01 234567 89 10 NT
cut:h,t,s j 0.001 fg28 s c e u
sdef par=n erg=1e-8 nps 10000000000
fO6:h 2 3 45
fl6:t 2 3 45
f;6\s 2345
. Los Alamos
NATIONAL LABORATORY
Operated by the Los Alamos National Security, LLC for the DOE/NNSA //%Av"‘ D‘;; -



Tallies: triple & quadruple coincidences — a simple fission
example with 3He detectors surrounding %3°Pu

-
£ o [+1] (=]

{Asw) ABiaug ¢ uciBay

[}

[a-x]

No Counts in 4th Detector With Counts in 4th Detector

/ \

i A

[}

NN

. 1 0E-03

3.9E-04
1 5E-04
6.0F-05
2 4E-05
92F-06
3.BE-06
1 4E-06
5.5F-07
2 2E-07
8 5F-08
3.3E-08
13E-08
51F-09
2 OE-09

o

o

=

{Aaw) ABuaug ¢ uoiiay

[+

___DEEENNEEEE

[a-5]

» Los Alamos

NATIONAL LABORATORY
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Tallies: time-dependent pulse-height tallies — extension of
the PHL tally option enables pulse-shape discrimination

Standard Pulse-Height

E

"

Surface estimator
- no concept of
time

E3
Pulsein bin E; - E, - E;

#)
> I./o?s Alamos

NATIONAL LABORATORY
E

PHL Pulse-Height

Pulsein bin E; at T,
Pulseinbin E; at T,
etc.

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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Tallies: time-dependent pulse-height tallies — a simple
model of a SHe detector

1-MeV Neutrons into He-3 f38:h,t,s 1

1 1 -1e-3 -1 i t38 phl 3 16 1 26 1361 O

2 0 1 -2 e38 .2 .4 .6 .81.01.21.41.61.8 2.0

3 0 21 t38 05 10 15 20 25 30 35 40 45 50 55 60
nps 100000000

1 so 100. print

2 so 1000

-
3 3 3
T T O
53535
TR
o R P

mode n h t s 1-m Sphere of 3He
ml 2003 1

phys:n 55 1 2

cut:h,t,s j le-3

sdef par=n erg=1

fl6:h 1

£26:t 1

f36:s 1

8:h 1

ft8 phl 116 1 O

es 2 .4 .6 .81.01.21.41.61.8 2.0
t8 05 10 15 20 25 30 35 40 45 50 55 60
f18:t 1

ft18 phl 1261 0

el8 .2 .4 6 .81.01.21.41.61.82.0
t18 05 10 15 20 25 30 35 40 45 50 55 60
f28:s 1

128 phl 1 36 1 O 3He+n_>p+t
e28 .2 .4 6 81.01.21.41.61.82.0 ,
t2/8"\ 05 10 15 20 25 30 35 40 45 50 55 60 SHe + n ->3He* + n

Los Alamos
NATIONAL LABORATORY
EST.1943
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Tallies: time-dependent pulse-height tallies — particle-
dependent & time-dependent pulse spectra
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Tallies: time-dependent pulse-height tallies — combined
time-dependent pulse spectra
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