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Overview & Brief History of the MCNP® Code
Constructive Solid Geometry Tutorial & “GUI”

Recent Visualization Highlights
Four Approaches to Visualization
Examples

Oak Ridge National Laboratory Pool Critical Assembly
Notional Criticality Accident Alarm System (CAAS)
Non-interactive Ray-traced CSG via Radiant
Individual History Evolution under Variance Reduction

Post-processing Wish List for ParaView & XDMF
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Overview & Brief History of the MCNP® Code

I Monte Carlo particle transport dates back to the Manhattan Project
I Richtmyer and von Neumann (1947)
I Carter et al. (1975); LASL Group TD-6 (1978, 1979)

I LANL develops the MCNP code (Goorley et al., 2012), a “gold standard”
I The MCNP code has existed in some form for ~40 years
I Since 2012: over 11,000 total licenses issued; 1,382 DOE, 917 NNSA

I Currently undergoing major modernization and modularization work
I Supports a wide range of DOE analyses and experiment-design studies

I Criticality Safety
I Experimental Facility Shielding Design
I Radiography Experiment Specification
I Radiological Protection Planning
I Terrestrial & Space Microreactor Design
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Overview: MCNP Constructive Solid Geometry (CSG)

I Boolean combinations of analytic (implicit) surfaces
I Fast and precise ray tracing
I Arguably suboptimal geometry specification & visualization experience
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Recent Highlights

1. MCNP unstructured mesh (UM) geometry since ~2012
I Finite-element based; linear & quadratic 4-, 5-, and 6-sided elements
I Results historically output in an MCNP-specific format (EEOUT)
I Results now* available optionally as HDF5+XDMF version 2 files

2. MCNP superimposed track-length mesh tallies since ~2003
I Structured Cartesian or cylindrical mesh; arbitrary orientation
I Other extensions since introduction, e.g., spherical structured mesh
I Results now* available optionally as HDF5+XDMF version 2 files

3. Non-interactive ray-traced MCNP CSG via Radiant (RSICC, 2019)
I 3-D, shaded, view of geometry with slicing

4. MCNP discrete particle tracks since ~1990s
I Understanding individual statistical samples can be useful
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CSG: Oak Ridge National Lab. Pool Critical Assembly

(Kulesza and Martz, 2017a)

(Kulesza and Martz, 2017a)(Kulesza and Martz, 2017a)
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UM & Mesh Tally: ORNL PCA via ParaView (Ayachit, 2018)

(Kulesza and Martz, 2017b)

(Kulesza and Martz, 2017b)
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Criticality Accident Alarm System via ParaView

(Alwin et al., 2019)
(Kulesza and McClanahan, 2019)U N C L A S S I F I E D Slide 8 / 13



Non-interactive Ray-traced CSG via Radiant

(Yang et al., 2018)U N C L A S S I F I E D Slide 9 / 13



Particle History Evolution via Graphviz (Ellson et al., 2001)

History: 1
Track: 1
Event: 1
x = -1.068e+00
y = -5.000e+00
z = 0.000e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 2
x = -1.499e+00
y = -4.000e+00
z = -1.047e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 3
x = -1.929e+00
y = -3.000e+00
z = -2.094e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 4
x = -2.000e+00
y = -2.836e+00
z = -2.265e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 6
x = -2.000e+00
y = -2.641e+00
z = -2.525e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 7
x = -1.408e+00
y = -2.000e+00
z = -3.767e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 15
Event: 112
x = 4.621e+00
y = -1.000e-01
z = -3.009e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 1
Event: 8
x = -1.000e+00
y = -1.559e+00
z = -4.622e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 9
x = -4.833e-01
y = -1.000e+00
z = -5.706e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 10
x = -5.551e-17
y = -4.773e-01
z = -6.719e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 14
x = 9.267e-01
y = 0.000e+00
z = -4.898e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 15
x = 1.000e+00
y = 1.526e-01
z = -4.914e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 10
Event: 79
x = 2.950e+00
y = 8.917e-01
z = -5.328e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 1
Event: 16
x = 1.407e+00
y = 1.000e+00
z = -5.000e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 17
x = 1.888e+00
y = 2.000e+00
z = -5.101e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 18
x = 2.000e+00
y = 2.233e+00
z = -5.125e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 19
x = 2.369e+00
y = 3.000e+00
z = -5.203e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 21
x = 3.000e+00
y = 3.295e+00
z = -5.187e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 23
x = 3.433e+00
y = 3.000e+00
z = -5.014e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 5
Event: 44
x = 2.950e+00
y = 4.099e-01
z = -5.254e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 1
Event: 24
x = 4.000e+00
y = 2.460e+00
z = -4.683e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 4
Event: 40
x = 4.349e+00
y = 2.100e+00
z = -4.670e+00
Energy = 5.000e+01
Weight = 4.548e-02

History: 1
Track: 1
Event: 26
x = 4.000e+00
y = 2.183e+00
z = -4.724e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 28
x = 4.000e+00
y = 2.179e+00
z = -4.724e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 3
Event: 37
x = 4.891e+00
y = 2.100e+00
z = -4.051e+00
Energy = 5.000e+01
Weight = 1.688e-01

History: 1
Track: 1
Event: 29
x = 4.549e+00
y = 2.000e+00
z = -4.180e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 2
Event: 32
x = 4.056e+00
y = 2.100e+00
z = -4.577e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 1
Event: 30
x = 5.000e+00
y = 1.853e+00
z = -3.734e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 2
Event: 33
x = 4.131e+00
y = 2.000e+00
z = -4.391e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 6
Event: 54
x = 2.984e+00
y = -1.000e-01
z = -4.453e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 2
Event: 34
x = 4.878e+00
y = 1.000e+00
z = -2.525e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 2
Event: 35
x = 5.000e+00
y = 8.370e-01
z = -2.220e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 6
Event: 55
x = 3.000e+00
y = -9.854e-02
z = -4.453e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 7
Event: 60
x = 2.956e+00
y = -1.000e-01
z = -4.388e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 6
Event: 56
x = 4.000e+00
y = -7.831e-03
z = -4.455e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 6
Event: 57
x = 4.086e+00
y = 0.000e+00
z = -4.456e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 6
Event: 58
x = 5.000e+00
y = 8.288e-02
z = -4.458e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 7
Event: 61
x = 3.000e+00
y = -8.382e-02
z = -4.368e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 7
Event: 62
x = 3.228e+00
y = 0.000e+00
z = -4.265e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 7
Event: 63
x = 4.000e+00
y = 2.832e-01
z = -3.917e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 7
Event: 64
x = 5.000e+00
y = 6.501e-01
z = -3.466e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 4
Event: 41
x = 4.451e+00
y = 2.000e+00
z = -4.627e+00
Energy = 5.000e+01
Weight = 4.548e-02

History: 1
Track: 4
Event: 42
x = 5.000e+00
y = 1.464e+00
z = -4.395e+00
Energy = 5.000e+01
Weight = 4.548e-02

History: 1
Track: 5
Event: 45
x = 3.000e+00
y = 1.227e-02
z = -5.256e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 5
Event: 46
x = 3.002e+00
y = 0.000e+00
z = -5.256e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 5
Event: 49
x = 3.000e+00
y = -3.151e-01
z = -4.800e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 8
Event: 66
x = 3.416e+00
y = -1.000e-01
z = -4.786e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 8
Event: 67
x = 3.409e+00
y = 0.000e+00
z = -4.669e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 9
Event: 72
x = 2.969e+00
y = -1.000e-01
z = -5.302e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 8
Event: 68
x = 3.338e+00
y = 1.000e+00
z = -3.497e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 8
Event: 69
x = 3.267e+00
y = 2.000e+00
z = -2.324e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 9
Event: 73
x = 2.946e+00
y = 0.000e+00
z = -5.313e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 9
Event: 74
x = 2.707e+00
y = 1.000e+00
z = -5.425e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 9
Event: 75
x = 2.468e+00
y = 2.000e+00
z = -5.537e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 9
Event: 76
x = 2.230e+00
y = 3.000e+00
z = -5.649e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 10
Event: 80
x = 3.000e+00
y = 9.243e-01
z = -5.338e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 11
Event: 86
x = 2.950e+00
y = 2.068e+00
z = -1.161e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 10
Event: 81
x = 3.116e+00
y = 1.000e+00
z = -5.363e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 10
Event: 82
x = 4.000e+00
y = 1.578e+00
z = -5.550e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 10
Event: 83
x = 4.645e+00
y = 2.000e+00
z = -5.687e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 10
Event: 84
x = 5.000e+00
y = 2.232e+00
z = -5.762e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 11
Event: 87
x = 3.000e+00
y = 2.122e+00
z = -1.172e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 14
Event: 109
x = 4.479e+00
y = -1.000e-01
z = -7.311e+00
Energy = 5.000e+01
Weight = 1.063e-05

History: 1
Track: 11
Event: 88
x = 3.818e+00
y = 3.000e+00
z = -1.351e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 11
Event: 91
x = 3.702e+00
y = 3.000e+00
z = -1.318e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 12
Event: 94
x = 4.164e+00
y = 2.100e+00
z = -1.382e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 95
x = 4.189e+00
y = 2.000e+00
z = -1.387e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 13
Event: 101
x = 3.316e+00
y = 2.100e+00
z = -1.323e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 12
Event: 96
x = 4.442e+00
y = 1.000e+00
z = -1.439e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 97
x = 4.695e+00
y = 0.000e+00
z = -1.491e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 98
x = 4.948e+00
y = -1.000e+00
z = -1.542e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 99
x = 5.000e+00
y = -1.208e+00
z = -1.553e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 13
Event: 102
x = 3.256e+00
y = 2.000e+00
z = -1.317e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 103
x = 3.000e+00
y = 1.574e+00
z = -1.295e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 104
x = 2.655e+00
y = 1.000e+00
z = -1.265e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 105
x = 2.054e+00
y = 0.000e+00
z = -1.213e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 106
x = 2.000e+00
y = -9.005e-02
z = -1.208e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 14
Event: 110
x = 5.000e+00
y = -8.010e-02
z = -7.332e+00
Energy = 5.000e+01
Weight = 1.063e-05

History: 1
Track: 15
Event: 115
x = 4.629e+00
y = 0.000e+00
z = -3.008e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 116
x = 4.000e+00
y = 9.742e-01
z = -2.916e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 117
x = 3.983e+00
y = 1.000e+00
z = -2.913e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 118
x = 3.338e+00
y = 2.000e+00
z = -2.819e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 119
x = 3.000e+00
y = 2.523e+00
z = -2.769e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 120
x = 2.692e+00
y = 3.000e+00
z = -2.724e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 122
x = 2.347e+00
y = 3.000e+00
z = -2.672e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 123
x = 2.000e+00
y = 2.444e+00
z = -2.617e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 20
Event: 165
x = 4.699e+00
y = 2.100e+00
z = -7.437e-01
Energy = 5.000e+01
Weight = 4.010e-07

History: 1
Track: 15
Event: 124
x = 1.723e+00
y = 2.000e+00
z = -2.574e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 125
x = 1.099e+00
y = 1.000e+00
z = -2.476e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 126
x = 1.000e+00
y = 8.421e-01
z = -2.460e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 127
x = 4.741e-01
y = 0.000e+00
z = -2.378e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 129
x = 4.551e-01
y = 0.000e+00
z = -2.374e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 130
x = 0.000e+00
y = 2.860e-01
z = -2.293e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 19
Event: 160
x = 2.950e+00
y = 1.005e+00
z = -3.322e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 15
Event: 131
x = -1.000e+00
y = 9.146e-01
z = -2.115e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 132
x = -1.136e+00
y = 1.000e+00
z = -2.091e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 133
x = -2.000e+00
y = 1.543e+00
z = -1.937e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 135
x = -2.000e+00
y = 1.540e+00
z = -1.845e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 136
x = -1.244e+00
y = 1.000e+00
z = -3.261e-02
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 18
Event: 155
x = 2.950e+00
y = 6.991e-01
z = -2.273e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 15
Event: 137
x = -1.000e+00
y = 8.261e-01
z = 5.508e-01
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 138
x = 0.000e+00
y = 1.120e-01
z = 2.946e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 139
x = 1.568e-01
y = 0.000e+00
z = 3.322e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 142
x = 1.000e+00
y = -7.389e-02
z = 4.289e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 143
x = 1.130e+00
y = 0.000e+00
z = 4.132e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 16
Event: 147
x = 2.950e+00
y = 3.975e-02
z = 2.408e+00
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 15
Event: 144
x = 2.000e+00
y = 4.940e-01
z = 3.079e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 145
x = 2.891e+00
y = 1.000e+00
z = 2.001e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 16
Event: 148
x = 3.000e+00
y = 4.463e-02
z = 2.359e+00
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 17
Event: 152
x = 4.698e+00
y = -1.000e-01
z = 5.115e+00
Energy = 5.000e+01
Weight = 2.139e-09

History: 1
Track: 16
Event: 149
x = 4.000e+00
y = 1.421e-01
z = 1.375e+00
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 16
Event: 150
x = 5.000e+00
y = 2.397e-01
z = 3.915e-01
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 17
Event: 153
x = 5.000e+00
y = -7.029e-02
z = 5.129e+00
Energy = 5.000e+01
Weight = 2.139e-09

History: 1
Track: 18
Event: 156
x = 3.000e+00
y = 6.904e-01
z = -2.276e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 18
Event: 157
x = 4.000e+00
y = 5.166e-01
z = -2.345e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 18
Event: 158
x = 5.000e+00
y = 3.427e-01
z = -2.413e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 19
Event: 161
x = 3.000e+00
y = 1.025e+00
z = -3.341e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 19
Event: 162
x = 4.000e+00
y = 1.434e+00
z = -3.722e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 19
Event: 163
x = 5.000e+00
y = 1.842e+00
z = -4.103e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 20
Event: 166
x = 4.885e+00
y = 2.000e+00
z = -5.769e-01
Energy = 5.000e+01
Weight = 4.010e-07

History: 1
Track: 20
Event: 167
x = 5.000e+00
y = 1.938e+00
z = -4.740e-01
Energy = 5.000e+01
Weight = 4.010e-07

History: 1
Track: 1
Event: 1
x = -1.068e+00
y = -5.000e+00
z = 0.000e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 2
x = -1.499e+00
y = -4.000e+00
z = -1.047e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 3
x = -1.929e+00
y = -3.000e+00
z = -2.094e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 4
x = -2.000e+00
y = -2.836e+00
z = -2.265e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 6
x = -2.000e+00
y = -2.641e+00
z = -2.525e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 7
x = -1.408e+00
y = -2.000e+00
z = -3.767e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 15
Event: 112
x = 4.621e+00
y = -1.000e-01
z = -3.009e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 1
Event: 8
x = -1.000e+00
y = -1.559e+00
z = -4.622e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 9
x = -4.833e-01
y = -1.000e+00
z = -5.706e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 10
x = -5.551e-17
y = -4.773e-01
z = -6.719e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 14
x = 9.267e-01
y = 0.000e+00
z = -4.898e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 15
x = 1.000e+00
y = 1.526e-01
z = -4.914e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 10
Event: 79
x = 2.950e+00
y = 8.917e-01
z = -5.328e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 1
Event: 16
x = 1.407e+00
y = 1.000e+00
z = -5.000e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 17
x = 1.888e+00
y = 2.000e+00
z = -5.101e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 18
x = 2.000e+00
y = 2.233e+00
z = -5.125e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 19
x = 2.369e+00
y = 3.000e+00
z = -5.203e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 21
x = 3.000e+00
y = 3.295e+00
z = -5.187e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 23
x = 3.433e+00
y = 3.000e+00
z = -5.014e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 5
Event: 44
x = 2.950e+00
y = 4.099e-01
z = -5.254e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 1
Event: 24
x = 4.000e+00
y = 2.460e+00
z = -4.683e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 4
Event: 40
x = 4.349e+00
y = 2.100e+00
z = -4.670e+00
Energy = 5.000e+01
Weight = 4.548e-02

History: 1
Track: 1
Event: 26
x = 4.000e+00
y = 2.183e+00
z = -4.724e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 1
Event: 28
x = 4.000e+00
y = 2.179e+00
z = -4.724e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 3
Event: 37
x = 4.891e+00
y = 2.100e+00
z = -4.051e+00
Energy = 5.000e+01
Weight = 1.688e-01

History: 1
Track: 1
Event: 29
x = 4.549e+00
y = 2.000e+00
z = -4.180e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 2
Event: 32
x = 4.056e+00
y = 2.100e+00
z = -4.577e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 1
Event: 30
x = 5.000e+00
y = 1.853e+00
z = -3.734e+00
Energy = 5.000e+01
Weight = 1.000e+00

History: 1
Track: 2
Event: 33
x = 4.131e+00
y = 2.000e+00
z = -4.391e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 6
Event: 54
x = 2.984e+00
y = -1.000e-01
z = -4.453e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 2
Event: 34
x = 4.878e+00
y = 1.000e+00
z = -2.525e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 2
Event: 35
x = 5.000e+00
y = 8.370e-01
z = -2.220e+00
Energy = 5.000e+01
Weight = 4.047e-01

History: 1
Track: 6
Event: 55
x = 3.000e+00
y = -9.854e-02
z = -4.453e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 7
Event: 60
x = 2.956e+00
y = -1.000e-01
z = -4.388e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 6
Event: 56
x = 4.000e+00
y = -7.831e-03
z = -4.455e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 6
Event: 57
x = 4.086e+00
y = 0.000e+00
z = -4.456e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 6
Event: 58
x = 5.000e+00
y = 8.288e-02
z = -4.458e+00
Energy = 5.000e+01
Weight = 3.128e-06

History: 1
Track: 7
Event: 61
x = 3.000e+00
y = -8.382e-02
z = -4.368e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 7
Event: 62
x = 3.228e+00
y = 0.000e+00
z = -4.265e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 7
Event: 63
x = 4.000e+00
y = 2.832e-01
z = -3.917e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 7
Event: 64
x = 5.000e+00
y = 6.501e-01
z = -3.466e+00
Energy = 5.000e+01
Weight = 6.255e-04

History: 1
Track: 4
Event: 41
x = 4.451e+00
y = 2.000e+00
z = -4.627e+00
Energy = 5.000e+01
Weight = 4.548e-02

History: 1
Track: 4
Event: 42
x = 5.000e+00
y = 1.464e+00
z = -4.395e+00
Energy = 5.000e+01
Weight = 4.548e-02

History: 1
Track: 5
Event: 45
x = 3.000e+00
y = 1.227e-02
z = -5.256e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 5
Event: 46
x = 3.002e+00
y = 0.000e+00
z = -5.256e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 5
Event: 49
x = 3.000e+00
y = -3.151e-01
z = -4.800e+00
Energy = 5.000e+01
Weight = 1.759e-03

History: 1
Track: 8
Event: 66
x = 3.416e+00
y = -1.000e-01
z = -4.786e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 8
Event: 67
x = 3.409e+00
y = 0.000e+00
z = -4.669e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 9
Event: 72
x = 2.969e+00
y = -1.000e-01
z = -5.302e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 8
Event: 68
x = 3.338e+00
y = 1.000e+00
z = -3.497e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 8
Event: 69
x = 3.267e+00
y = 2.000e+00
z = -2.324e+00
Energy = 5.000e+01
Weight = 4.449e-04

History: 1
Track: 9
Event: 73
x = 2.946e+00
y = 0.000e+00
z = -5.313e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 9
Event: 74
x = 2.707e+00
y = 1.000e+00
z = -5.425e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 9
Event: 75
x = 2.468e+00
y = 2.000e+00
z = -5.537e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 9
Event: 76
x = 2.230e+00
y = 3.000e+00
z = -5.649e+00
Energy = 5.000e+01
Weight = 2.735e-05

History: 1
Track: 10
Event: 80
x = 3.000e+00
y = 9.243e-01
z = -5.338e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 11
Event: 86
x = 2.950e+00
y = 2.068e+00
z = -1.161e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 10
Event: 81
x = 3.116e+00
y = 1.000e+00
z = -5.363e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 10
Event: 82
x = 4.000e+00
y = 1.578e+00
z = -5.550e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 10
Event: 83
x = 4.645e+00
y = 2.000e+00
z = -5.687e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 10
Event: 84
x = 5.000e+00
y = 2.232e+00
z = -5.762e+00
Energy = 5.000e+01
Weight = 3.637e-02

History: 1
Track: 11
Event: 87
x = 3.000e+00
y = 2.122e+00
z = -1.172e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 14
Event: 109
x = 4.479e+00
y = -1.000e-01
z = -7.311e+00
Energy = 5.000e+01
Weight = 1.063e-05

History: 1
Track: 11
Event: 88
x = 3.818e+00
y = 3.000e+00
z = -1.351e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 11
Event: 91
x = 3.702e+00
y = 3.000e+00
z = -1.318e+01
Energy = 5.000e+01
Weight = 8.467e-02

History: 1
Track: 12
Event: 94
x = 4.164e+00
y = 2.100e+00
z = -1.382e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 95
x = 4.189e+00
y = 2.000e+00
z = -1.387e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 13
Event: 101
x = 3.316e+00
y = 2.100e+00
z = -1.323e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 12
Event: 96
x = 4.442e+00
y = 1.000e+00
z = -1.439e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 97
x = 4.695e+00
y = 0.000e+00
z = -1.491e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 98
x = 4.948e+00
y = -1.000e+00
z = -1.542e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 12
Event: 99
x = 5.000e+00
y = -1.208e+00
z = -1.553e+01
Energy = 5.000e+01
Weight = 3.557e-03

History: 1
Track: 13
Event: 102
x = 3.256e+00
y = 2.000e+00
z = -1.317e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 103
x = 3.000e+00
y = 1.574e+00
z = -1.295e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 104
x = 2.655e+00
y = 1.000e+00
z = -1.265e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 105
x = 2.054e+00
y = 0.000e+00
z = -1.213e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 13
Event: 106
x = 2.000e+00
y = -9.005e-02
z = -1.208e+01
Energy = 5.000e+01
Weight = 4.394e-03

History: 1
Track: 14
Event: 110
x = 5.000e+00
y = -8.010e-02
z = -7.332e+00
Energy = 5.000e+01
Weight = 1.063e-05

History: 1
Track: 15
Event: 115
x = 4.629e+00
y = 0.000e+00
z = -3.008e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 116
x = 4.000e+00
y = 9.742e-01
z = -2.916e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 117
x = 3.983e+00
y = 1.000e+00
z = -2.913e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 118
x = 3.338e+00
y = 2.000e+00
z = -2.819e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 119
x = 3.000e+00
y = 2.523e+00
z = -2.769e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 120
x = 2.692e+00
y = 3.000e+00
z = -2.724e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 122
x = 2.347e+00
y = 3.000e+00
z = -2.672e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 123
x = 2.000e+00
y = 2.444e+00
z = -2.617e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 20
Event: 165
x = 4.699e+00
y = 2.100e+00
z = -7.437e-01
Energy = 5.000e+01
Weight = 4.010e-07

History: 1
Track: 15
Event: 124
x = 1.723e+00
y = 2.000e+00
z = -2.574e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 125
x = 1.099e+00
y = 1.000e+00
z = -2.476e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 126
x = 1.000e+00
y = 8.421e-01
z = -2.460e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 127
x = 4.741e-01
y = 0.000e+00
z = -2.378e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 129
x = 4.551e-01
y = 0.000e+00
z = -2.374e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 130
x = 0.000e+00
y = 2.860e-01
z = -2.293e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 19
Event: 160
x = 2.950e+00
y = 1.005e+00
z = -3.322e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 15
Event: 131
x = -1.000e+00
y = 9.146e-01
z = -2.115e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 132
x = -1.136e+00
y = 1.000e+00
z = -2.091e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 133
x = -2.000e+00
y = 1.543e+00
z = -1.937e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 135
x = -2.000e+00
y = 1.540e+00
z = -1.845e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 136
x = -1.244e+00
y = 1.000e+00
z = -3.261e-02
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 18
Event: 155
x = 2.950e+00
y = 6.991e-01
z = -2.273e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 15
Event: 137
x = -1.000e+00
y = 8.261e-01
z = 5.508e-01
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 138
x = 0.000e+00
y = 1.120e-01
z = 2.946e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 139
x = 1.568e-01
y = 0.000e+00
z = 3.322e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 142
x = 1.000e+00
y = -7.389e-02
z = 4.289e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 143
x = 1.130e+00
y = 0.000e+00
z = 4.132e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 16
Event: 147
x = 2.950e+00
y = 3.975e-02
z = 2.408e+00
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 15
Event: 144
x = 2.000e+00
y = 4.940e-01
z = 3.079e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 15
Event: 145
x = 2.891e+00
y = 1.000e+00
z = 2.001e+00
Energy = 5.000e+01
Weight = 4.151e-05

History: 1
Track: 16
Event: 148
x = 3.000e+00
y = 4.463e-02
z = 2.359e+00
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 17
Event: 152
x = 4.698e+00
y = -1.000e-01
z = 5.115e+00
Energy = 5.000e+01
Weight = 2.139e-09

History: 1
Track: 16
Event: 149
x = 4.000e+00
y = 1.421e-01
z = 1.375e+00
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 16
Event: 150
x = 5.000e+00
y = 2.397e-01
z = 3.915e-01
Energy = 5.000e+01
Weight = 1.762e-06

History: 1
Track: 17
Event: 153
x = 5.000e+00
y = -7.029e-02
z = 5.129e+00
Energy = 5.000e+01
Weight = 2.139e-09

History: 1
Track: 18
Event: 156
x = 3.000e+00
y = 6.904e-01
z = -2.276e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 18
Event: 157
x = 4.000e+00
y = 5.166e-01
z = -2.345e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 18
Event: 158
x = 5.000e+00
y = 3.427e-01
z = -2.413e+00
Energy = 5.000e+01
Weight = 1.178e-06

History: 1
Track: 19
Event: 161
x = 3.000e+00
y = 1.025e+00
z = -3.341e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 19
Event: 162
x = 4.000e+00
y = 1.434e+00
z = -3.722e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 19
Event: 163
x = 5.000e+00
y = 1.842e+00
z = -4.103e+00
Energy = 5.000e+01
Weight = 7.044e-06

History: 1
Track: 20
Event: 166
x = 4.885e+00
y = 2.000e+00
z = -5.769e-01
Energy = 5.000e+01
Weight = 4.010e-07

History: 1
Track: 20
Event: 167
x = 5.000e+00
y = 1.938e+00
z = -4.740e-01
Energy = 5.000e+01
Weight = 4.010e-07
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Particle History Evolution via VisIt (Childs et al., 2012)

Single History Behavior, 13276 Tracks Weight Windows, 6.4 ≤ E [MeV] ≤ 20

(Kulesza et al., 2016)U N C L A S S I F I E D Slide 11 / 13



ParaView & XDMF Wish List

ParaView

1. Implicit surface handling & clipping/slicing (CSG visualization)
2. Proper & adaptive mesh curvature representation (visual accuracy)

I Second-order finite elements & structured curvilinear mesh
3. Extensible phase-space organization/querying (e.g., (x,Ω, E, t))
4. Mesh element overlap finder (mesh quality metric)
5. ParaView material boundary handling (easier interrogation; cf. VisIt)
6. Easier ParaView camera path definition (UI improvement)

XDMF

1. Documentation of XDMF specification (supplement/replace xdmf.org)
2. XDMF 1-D function representation (results storage/visualization)
3. Merge XDMF and HDF5 (eliminate two-file paradigm; multi-file?)
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Questions?

Overview & Brief History of the MCNP® Code
Constructive Solid Geometry Tutorial & “GUI”

Recent Visualization Highlights
Four Approaches to Visualization
Examples

Oak Ridge National Laboratory Pool Critical Assembly
Notional Criticality Accident Alarm System (CAAS)
Non-interactive Ray-traced CSG via Radiant
Individual History Evolution under Variance Reduction

Post-processing Wish List for ParaView & XDMF

Contact Information

Joel A. Kulesza, Ph.D., P.E.
Office: +1 (505) 667-5467

jkulesza@lanl.gov

Contact Information

Joel A. Kulesza, Ph.D., P.E.
Office: +1 (505) 667-5467

jkulesza@lanl.gov
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Terrain and Urban Centers via ParaView

(McClanahan, 2020)

(Spencer, 2019, Unpublished)
(Kulesza and McClanahan, 2019)
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Fissionable Material Vault Teaching Example via ParaView

(Kulesza et al., 2019)U N C L A S S I F I E D Slide 9 / 11



Extracting Low-quality Elements via ParaView

(Kulesza, 2020)
(Stanford Computer Graphics Laboratory, 2017)

(Kulesza, 2020)
(Stanford Computer Graphics Laboratory, 2017)
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Stanford Bunny Animation Frames via ParaView

(Stanford Computer Graphics Laboratory, 2017)U N C L A S S I F I E D Slide 11 / 11
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