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1. Abstract of M C N P 4A 

The continuous energy Monte Carlo code MCNP[1] was developed by the Radiation 

Transport Group at Los Alamos National Laboratory and the MCNP 4A version is avail

able, now. The MCNP 4A is able to do the coupled neutron-secondary gamma-ray-

electron-bremsstrahlung calculation. The calculated results, such as energy spectra, tally 

fluctuation chart, and geometrical input data can be displayed by using a work station. 

The document of the MCNP 4A code has no description on the subroutines, except few 

ones of "SOURCE", "TALLYX". However, when we want to improve the MCNP Monte 

Carlo sampling techniques to get more accuracy or efficiency results for some problems, 

some subroutines are required or needed to revised. 

The following subroutines have been revised and built in the MCNP 4A code. 

(a) SOURCE 

The SOURCE is revised to treat a complicated or special source conditions of which 

cannot be described by the input date in the code. 

(b) TALLYD 

The original TALLYD is for the point detector. We modified the TALLYD for the 

NESX (Next Event Surface Crossing) Estimator[2]. The NESXE has an excellent 

quality of the point detector and the surface crossing estimator, so that the FSD 

(fractional standard deviation) is reduced efficiently as compared with the other 

estimators[3]. 

(c) HSTORY 

The revised HSTORY was added the functions to calculate and print out the space-

energy dependent particle collision density in each cell and energy bin. The Weight 

Window parameters to do Russian roulette and splitting in the MCNP code can be 

made from the collision densities with the empirical fbrmula[3]. 
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The Monte Carlo method is essentially a way to solve the Boltzman transport equa

tion as a form of the integral emergent particle density equation[2]. Accordingly, 

taking the adequate collision densities through the whale shielding system, the FSDs 

are to reduce at the detector locations. 

2- Variance Reduction Techniques 

2.1. Weight window-

Figure 1 is a more detailed picture of the weight window. Three important weights 

define the weight window in a space-energy cell 

(a) Wx,, the lower weight bound, 

(b) W5, the survival weight for particles playing roulette, and 

(c) W{/, the upper weight bound. 

The user specifies Wj, for each space-energy cell on WFN cards. W s and Wtr are cal

culated using two problem-wide constants, C5 and Q / (entries on the WDWN card), as 

Ws=CsWz, and Wt/=Ct/Wx,. Thus all cells have an upper weight bound Cy times the 

lower weight bound and a survival weight C5 times the lower weight bound. 

2.2 Weight window compared to geometry splitting 

Although both techniques use splitting and Russian roulette, there are some important 

differences. 

(a) The weight window is space-energy dependent. Geometry splitting is only space 

dependent. 

(b) The weight window discriminates on particle weight before deciding appropriate ac

tion. Geometry splitting is done regardless of particle weight. 

(c) The weight window works with absolute weight bounds. Geometry splitting is done 

on the ratio of the importance across a surface. 

(d) The weight window can be applied at surfaces, collision sites, or both. 

Geometry splitting is applied only at surfaces. 

(e) The weight window can control weight fluctuations introduced by other biasing tech

niques by requiring all particles in a cell to have weight W/, < W < Wy. The 

geometry splitting will preserve any weight fluctuations because it is weight inde

pendent. 
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(f) In the rare case where no other weight modification schemes are present, importances 

will cause all particles in a given cell to have the same weight-

Weight windows will merely bound the weight. 

(g) The weight windows can be turned off for a given cell or energy regime by specifying a 

zero lower bound. This is useful in long or large regions where no single importance 

function applies. Care should be used because when the weight window is turned 

off at collisions, the weight cut of game is turned on, sometimes causing too many 

particles to be killed. 

3. Trea tment of Electrons in M C N P 4A 

Electrons 

Form: PHYS : E EHAX IDES IPHOT IBAD ISTRG BNUM XNUM RNOK ENUM 

EMAX 

IDES 

IPHOT 

IBAD 

ISTRG 

BNUM 

XNUM 

RNOK 

ENUM 

= 

= 

= 

= 

= 

= 

= 

= 

= 
> 

= 
> 

= 
> 

= 

> 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

= 0 

upper limit for electron energy in MeV. 

photons will produce electrons. 

photons will not produce electrons. 

electrons will produce photons. 

electrons will not produce photons. 

full bremsstrahlung tabular angular distribution. 

simple bremsstrahlung angular distribution approximation. 

sampled straggling for electron energy loss. 

expected-value straggling for electron energy loss. 

produce BNUM times the analog number of bremsstrahlung photons. 

bremsstrahlung photons will not be produced. 

produce XNUM times the analog number of electron-induced x-rays. 

x-ray photons will not be produced by electrons. 

produce RNOK times the analog number of knock-on electrons. 

knock-on electrons will not be produced. 

produce ENUM times the analog number of photon-induced secondary 

electrons. 

photon-induced secondary electrons will not be produced. 

Defaults : EMAX = 100 MeV; IDES, IPHOT, IBAD, ISTRG =0; 
BNUM, XNUM, RNOK, ENUM = 1. 

- 2 3 -



(a) EMAX is the upper electron energy limit in MeV. Electron cross sections and related 

data are generated on a logarithmic energy grid from EMAX down to an energy at 

least as low as the global energy cutoff for electrons. 

(b) IDES is a switch to turn off electron production by photons. The default (IDES=0) 

is for photons to create electrons in all photon-electron problems and for photons to 

produce bremsstrahlung photons using the thick-target bremsstrahlung approxima

tion in photon problems run without electrons. In either case the electron default 

cross section library will be read, which requires considerable processing time. Elec

tron transport is also very slow. However, the neglect of electron transport and 

bremsstrahlung production will cause erroneously low photon results when these 

effects are important. 

(c) IPHOT is a switch to turn off photon production by electrons. Because photon trans

port is fast relative to electron transport and is usually required for an accurate 

physical model, the default (IPHOT=0, which leaves photon production on) is rec

ommended. 

(d) IBAD is a switch to turn on the simple approximate bremsstrahlung angular distri

bution treatment and turn off the full, more detailed model. The electron transport 

random walk can be done with either the simple or full treatment, but photon con

tributions to detectors and DXTRAN can use only the simple treatment. The full 

detailed physics model is more accurate and just as fast as the simple approxi

mate treatment for the electron transport random walk, and is therefore the default 

(IBAD=0) even though it is inconsistent with the way bremsstrahlung photons con

tribute to detectors and DXTRAN spheres. Setting IBAD=1 causes the simple 

treatment to be used for detectors and DXTRAN and the electron random walk, 

which is self-consistent. 

(e) ISTRG is a switch to control the electron continuos-energy slowing down treatment. 

If ISTRG=1, the expected value for each collision is used; if ISTRG=0 (default), 

the more realistic sampled value is used. The option of using the expected value is 

useful for some comparisons to deterministic electron transport calculations. 

(f) BNUM is used to control the sampling of bremsstrahlung photons produced along 

electron substeps. The default value (BNUM=1) results in the analog number of 

bremsstrahlung tracks being sampled. If BNUM>0, the number of bremsstrahlung 

photons produced is BNUM times the number that would be produced in the analog 

case. If the number of tracks is increased, an appropriate weight reduction is made; 

- 2 4 -



if the biasing reduces the number of tracks, the weight is increased- If BNUM=0, 

the production of bremsstrahlung photons is turned off. 

(g) XNUM is used to control the sampling of x-ray photons produced along electron 

substeps. The default value (XNUM=1) results in the analog number of tracks 

being sampled. If XNUM>0, the number of photons produced is XNUM times 

the number that would be produced in the analog case, and an appropriate weight 

adjustment is made. If XNUM=0, the production of x-ray photons by electrons is 

turned off. 

(h) RNOK is used to control the number of knock-on electrons produced in electron inter

actions. The default value (RNOK=l) results in the analog number of tracks being 

sampled. If RNOK>0, the number of knock-on electrons produced is RNOK times 

the analog number, and an appropriate weight adjustment is made. If RNOK=0, 

the production of knock-on electrons is turned off. 

(i) ENUM is used to control the generation of photon-induced secondary electrons. The 

default value (ENUM=1) results in an analog treatment. If ENUM>0, ENUM times 

the analog number of secondaries will be produced, and an appropriate weight ad

justment is made. If ENUM=0, the generation of secondary electrons by photons 

will be turned off. 

In any of these biasing schemes, increasing the population of photons also increases 

the population of electrons because the additional photon tracks create photoelec-

trons, Compton recoil electrons, pair production electrons, etc. Similarly, increasing 

the number of electrons will propagate an increase in the population of subsequent 

generations of the cascade. Because electron transport is slow, a judicious use of 

ENUM<1 may often be appropriate. 

4. Treatment of Bremsst rahlung 

BBREM Bremsstrahlung Biasing Card 

Form: BBREM bi t>2 b3 b49 mi m2 mn 

bi = any positive value (currently unused). 

l>2 b49 = bias factors for the bremsstrahlung energy spectrum. 

mi m„ = list of materials for which the biasing is invoked. 

Default : None 

The bremsstrahlung process generates many low-energy photons, but the higher-energy 

photons are often of more interest. One way to generate more high-energy photon tracks is 

to bias each sampling of a bremsstrahlung photon toward a larger fraction of the available 

electron energy. For example, a bias such as 
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BBREM 1 . 1 . 461 10. 888 999 

would create a gradually increasing enhancement (from the lowest to the highest fraction 

of the electron energy available to a given event) of the probability that the sampled 

bremsstrahlung photon will carry a particular fraction of the electron energy. This biasing 

would apply to each instance of the sampling of a bremsstrahlung photon in materials 888 

and 999. The sampling in other materials would remain unbiased. The bias factors are 

normalized by the code in a manner that depends both on material and on electron energy, 

so that although the ratios of the photon weight adjustments among the different groups 

are known, the actual number of photons produced in any group is not easily predictable. 

In most problems the above prescription will increase the total number of bremsstrahlung 

photons produced because there will be more photon tracks generated at higher energies. 

The secondary electrons created by these photons will tend to have higher energies as 

well, and will therefore be able to create more bremsstrahlung tracks than they would at 

lower energies. This increase in the population of the electron-photon cascade will make 

the problem run more slowly. The benefits of better sampling of the high-energy domain 

must be balanced against this increase in run time. 

5. The Ten Statistical Checks 

Version 4A of MCNP makes 10 statistical checks that are designed to assist the user 

in determining if the result in the TFC bin appears to be based on large N so that a valid 

confidence interval can be formed. These checks make use of expected reasonably well-

behaved tally statistical behavior based on statistical studies of relevant analytic f(x)s. In 

particular, the estimated mean from long-tailed f(x) distributions tends to be dominated 

by the largest sampled values. Until the effect of individual extreme values in negligible, 

confidence intervals may not be valid (MCNP 4A also prints the TFC bin result assuming 

that the largest sampled x occurs on the next history to aid in this assessment). The 

TFCs usually have from 10 to 20 values of the mean, RE, VOV, FOM, and slope as a 

function of N. Both quantity magnitude and N-dependent behaviors are examined. The 

10 statistical checks look for the following desirable behaviors: 

• Estimated Mean 

(a) a non-monotonic behavior in the estimated mean as function of N; 

• Estimated Relative Error (RE) 

(b) an acceptable magnitude of the estimated RE of the estimated mean (< 0.05 for a 

point detector tally or < 0.10 for a non-point detector tally); 

- 2 6 -



(c) a nearly monotonically decreasing RE with increasing N; 

(d) a nearly 1/V^VRE decrease -with increasing N; 

• Estimated Variance of the Variance (VOV) 

(e) the estimated VOV should be less than 0.10 for all types of tallies; 

(f) a nearly monotonically decreasing VOV with increasing N; 

(g) a nearly l/^/NVOV decrease with increasing N; 

• Figure of Merit (FOM) 

(h) a statistically constant FOM as a function of N; 

(i) a non monotonic FOM with increasing N; and 

» Empirical History Score PDF f (x) 

(j) the estimated slope of the 25 to 200 largest history scores x should be greater than 3 

so that the second moment /f^ x2f(x)dx will exist if f(x) is extrapolated to infinity. 

(As examples of unacceptable empirical f(x)s, see the Cauchy f2(x) and point detector 

£j(x) in Fig.3 where the slope is 2 and the mean and higher moments do not exist 

when extrapolated to infinity.) 

6. Analysis of 8 M e V Gamma-Ray Lead Pene t ra t ion Exper iment 

The gamma-ray lead penetration benchmark experiment of Johnson was analyzed by 

the MCNP 4A code. The source is neutron capture gamma-ray of Ni. Accordingly, 

approximately 8 MeV gamma-rays of which the bremsstrahlung must be considered were 

emitted from the source. Configuration of the experiment is shown in Fig.2. Table 1 is 

a log plat of the tally probability density function to check the slope in Table 2, Table 

2 indicates the results of 10 statistical checks for the tally fluctuation chart bin, in this 

case the statistical checks are passed all and Table 3 shows the calculation results as the 

function of source histories. 

Comparison of dose equivalent rate attenuation with lead shields between the exper

iment and the MCNP 4A is summarized in Fig. 3 in which the calculations with and 

without the bremsstrahlung are included. The calculations with the bremsstrahlung agree 

well with the experiments within the experimental error up to the maximum thickness 
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of 15.33 cm. However, the results without the bremsstrahlung underestimate the experi

ments and the magnitude of the underestimation is 35 (fractional standard deviation) are 

less than 0.03 for all the calculations. 
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Table 1 Log p l o t of t a l l y p r o b a b i l i t y dens i ty function for t a l l y 75 

unnonned tally density for tally 75 nonzero tally mean(m) = 4.134E-13 nps = 15340 print table 161 

N3 

abscissa 
tally number 
1.00-13 
1.26-13 
.58-13 
.00-13 
.51-13 
.16-13 
.98-13 
.01-13 
.31-13 
.94-13 
.00-12 
.26-12 

1.58-12 
2.00-12 
2.51-12 
3.16-12 
3.98-12 
5.01-12 
6.31-12 
total 

1. 
2. 
2. 
3. 
3. 
5. 
6. 
7. 
1. 
1. 

4539 
2027 
2556 
620 
693 
628 
485 
429 
439 
462 
488 
521 
448 
398 
299 
207 
74 
23 
4 

15340 

ordinate log plot of tally probability density function in tally fluctuation chart bin(d=decade,slope=l0,0) 
num den log den:d d d d d 
1.44+13 13.158 ******************* ******************** ******************* 

******************* 
******************* 
******************* 
******************* 
******************* 
******************* 

******************* 
******************* 

5.10+12 12.708 
5.11+12 12.709 
g^85+11 11.993 ******************* 
8 74+11 11.942 ******************* 
6.29+11 11.799 ******************* 
3!86+ll 1L587 ******************* 
2.71+11 11.433 niinJuituiuiuniiuraninmiraTuiimraniiri 
2.21+11 11.343 ******************* 
1.84+11 11.266 ******************* 
1.55+11 11.189 ******************* 
1.31+11 11.118 ******************* 
8.96+10 10.952 ******************* 
6J2+10 10.801 ******************* 
2 77+iQ 10 577 ******************* 

10.317 ******************* 
9.770 ******************* 
9.163 ******************* 
8.303 * 

d ( 

******************** 
******************** 
******************** 
******************** 
******************** 
******************** 
******************** 

2.07+10 
5.89+09 
1.45+09 
2.01+08 
1.00+00 

smnuuimuiuiuimiimiuiuiiJiiuiuMiiiiiu 
******************** 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * ********* 

nuTuimuuiiuiuniiuuiiuuiiiLUuiidiiuLUU 
******************* 
* * * * * * * * * * * * * * * * * * * 
* * ***************** 
* **************** 
* ************* 
*********** 
****** 
* 

* * * * * * * * * * * * * * * * * * * 
* * * * *************** 
* * * * * * * * * * * * * * * * * * * 
************** 
************* 
********** 
****** 

****************** 
********* 
********* 

mmmm 
** 



Table 2 Resul ts of 10 s t a t i s t i c a l checks for the t a l l y f luc tua t ion char t bin for t a l l y 75 

results of 10 statistical checks for the estimated answer for the tally fluctuation chart (tfc) bin of tally 75 
I 

o tfc bin —mean— relative error variance of the variance --figure of merit— -PDF-
' behavior behavior value decrease decrease rate value decrease decrease rate value behavior slope 

desired random < ,05 yes l/sqrt(nps) <0.10 yes 1/nps constant random >3.00 
observed random .01 yes yes .00 yes yes constant random 10.00 
passed? yes yes yes yes yes yes yes yes yes yes 



Table 3 MCNP 4A results of the Johnson experiment in Fig. 2 

1 
i — » 

1 

nps mean 
1000 3.8009E-13 
2000 3.9454E-13 
3000 3.9820E-13 
4000 4.0685E-13 
5000 4.0426E-13 
6000 4.0327E-13 
7000 4.0140E-13 
8000 4.0658E-13 
9000 4.0721E-13 

10000 4.0953E-13 
11000 4.1180E-13 
12000 4.1389E-13 
13000 4.1344E-13 
14000 4.1512E-13 
15000 4.1496E-13 
15340 4.1408E-13 

tally 
error 
.0482 
.0345 
.0275 
.0237 
.0215 
.0196 
.0181 
.0170 
.0160 
.0151 
.0144 
.0138 
.0132 
.0127 
.0123 
.0122 

65 
vov slope 
.0135 10.0 
.0060 10.0 
.0038 10.0 
.0026 10.0 
.0039 10.0 
.0030 10.0 
.0024 10.0 
.0021 10.0 
.0018 10,0 
.0015 10.0 
.0013 10.0 
.0012 10.0 
.0011 10.0 
.0010 10.0 
.0009 10.0 
.0009 10.0 

fora 
58 
56 
58 
58 
57 
57 
58 
56 
56 
56 
56 
56 
56 
56 
56 
56 

mean 
3.8006E-13 
3.9458E-13 
3.9822E-13 
4.0678E-13 
4.0245E-13 
4.0179E-13 
4.0012E-13 
4.0546E-13 
4.0622E-13 
4.0863E-13 
4.1098E-13 
4.1294E-13 
4.1262E-13 
4.1435E-13 
4.1424E-13 
4.1339E-13 

tally 
error 
.0482 
.0344 
.0274 
.0237 
.0211 
.0193 
.0179 
.0169 
.0158 
.0150 
.0143 
.0136 
.0131 
.0127 
.0122 
.0121 

75 
vov slope 
.0135 10.0 
.0060 10.0 
.0038 10.0 
.0026 10.0 
.0021 10.0 
.0017 10.0 
.0015 10.0 
.0014 10.0 
.0012 10.0 
.0011 10.0 
.0010 10.0 
.0009 10.0 
.0008 10.0 
.0008 10.0 
.0007 10.0 
.0007 10.0 

fom 
58 
57 
58 
58 
59 
59 
59 
57 
58 
57 
57 
57 
57 
57 
57 
57 

******************************************************************************************************************* 
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Fig.2 Calculation model of the Johnson experiment. 
Pencil beam, monodirectlonal, on a slab shield 
with an Infinite plane detector. 
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Fig.3 Comparison of dose equivalent rate attenuation 

with lead shields for Ni-series B gamma-ray source 
between the experiment4* and the MCNP analysis. 
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