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These notes are intended to guide you through the physical aspects of the
MCNP code and their relationship to its input parameters. They do not con-
stitute a substitute to the MCNP manual itself. Please consult the manual for
more details.

LANL Group XTM has a World Wide Web site for MCNP. Its home-page
Uniform Resource Locator (URL) is "http://www-xdiv. lanl.gov/XTM/".



Contents

INTRODUCTION

THE MONTE CARLO METHOD
2.1 Random Variables
2.2 Abstract Analysis. . . .. .. ... ... ...
2.2.1 Tchebycheff Theorem
2.2.2 Central Limit Theorem
2.3 Constructionof Samples . . . .. ... ...............
2.4 Random Number Generation .. ..................
2.5 Monte Carlo Simulation of Particle Transport
2.5.1 [Essential Requirements
2.5.2 Example
2.6 'Work Problems

--------------------------

...................

...........
...................
............................

............................

BOLTZMANN TRANSPORT EQUATION
3.1 Work Problem

............................

MCNP INPUT STRUCTURE
4.1 Work Problems

GEOMETRY IN MCNP

5.1 Surfaces .. .. . . . ... e e e e e e,
511 Surface Areas . . ... ... ... . ' ittt
512 Boundary Surfaces . ... ..................

5.2 Cells . . .t it ittt e e e e e e e e e e e
5.2.1 Cell Volumes

5.3 Problems

-------------------------

...............................

MCNP SOURCE PARAMETERS

6.1 General . . . ... ... . e e e e e

6.2 Geperal Source . . . ... . ... .ttt et

6.3 Spatial Distribution (Shape)
6.3.1 Volume Sources
6.3.2 Surface Sources

---------------------

------------------------

------------------------



iv

10

CONTENTS
6.4 Epergy Spectrum . . . ... ... ... ... ... 28
6.5 Directional distribution . .. ... .......... ... ... 29
6.6 Temporal disteibution . . .. ... ... ... ... ... ... 29
6.7 Biasing . .. .. .. . ... ... 29
6.7.1 Arbitrary Frequency . . ... ... .. ... ... ..., 29
6.7.2 Directional Biasing . . . . ... .. .. ... ... ... 29
6.7.3 Cookie-Cutter ... ... ... . ... ... ........ 30
6.7.4 Standard Source Funetions . . . . .. ... ... ..., 30
6.75 Photon Production . . . . . .. ... .. ... ....... 30
€8 Others . . .. . L L e 30
69 WorkProblems . . . ... ... ... ... ... .. .. ... ... 3
MCNP PHYSICS AND MATERJIAL CROSS SECTIONS 33
7.1 Problem Type. ... ... ... ... .. 33
72 CrossSections. . . . . .. . ...ttt i, 33
73 WorkProblems . .. ... ... ... ... ... ... ... ... 35
MCNP TERMINATION PARAMETERS 37
81 WorkProblems . ... ......... ... ... i .n.. a8 .
IMPORTANCE SAMPLING IN MCNP 39
9.1 Splitting and Russian Roulette . ... ... ............ 39
9.2 Exponential Transformation . . . . ... ... ... ........ 40
9.3 Deterministic Transport {DXTRAN) . . ... ........... 41
94 ForcedCollisions . . ... ...............i0..... 41
9.5 Bremsstrahling Biasing. . . ... ..... ... ... ... 41
96 Correlated Sampling . .. ......... ... ... ... 42
97 Work Problems . . . ... .. ... ... ... ... 42
TALLYING IN MCNP 43
10.1 Current {F1} . . . . ... .. ... . i 43
10.2 Flux (F2, F4and F5) ... ........ ... uuununn. 44
10.2.1 Surface-Crossing Estimator (F2) .............. 44
10.2.2 Track Length Estimator (F4) .. ... ........... 44
10.2.3 Next-Event Estimator (Point and Ring Detectors) ... . 44
10.3 Energy Deposition (F6and F7) . ... ... ............ 45
104 Pulse Height (F8) . . . .. ... ... .. ... ... 46
105 TallyControls . . . . ... . ... . it ittt imn 46
105.1 Binning . .. ... .. .. ... 46
105.2 Flagging . . . . . . . .« i it it it i e e i neeee 47
10.5.3 Response Functions . .................... 47

10.6 Work Problems

----------------------------



CONTENTS

11 UNCERTAINTY ANALYSIS IN MCNP
11.1 Fractional Standard Deviation (Relative Erzor)
11.2 Figureof Merit . . . . . . .. ... ... ... ...
11.3 Tally Fluctuation Chart . . .. . .. ... ... ... ..=-..
11.4 Empirical Probability Density Function
11.5 Pareto SLOPE . . . . .. . .. . ... . ...
11.6 Asymmetric Confidence Intervals
11.7 General . .. . . . . . ... . e e e e e,
11.8 Work Problems

..........

..............
...................

12 CRITICALITY IN MCNP

49
49
50
50
51
52
52
53
53

55



