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This is a note about the comparison of the simulated equivalent doses as given by the transport codes and simulation softwares, MCNPX and MARS, outside a tunnel geometry due to a proton beam hitting a steel object inside the tunnel.
[bookmark: Introduction]

1. Setup

The setup was originally obtained from Dana Beavis with some modifications.  Figure 1 shows the simple geometry used in the simulations. At the center, there is a steel cylinder of 3 cm in radius and 1 m long.  The proton beam is hitting at the center of this cylinder near z = 0.  It is surrounded by a concrete of thickness of 1.5 m starting at 3 m from the center of cylinder.

The version of MCNPX is 2.7.e (with modifications which made it very close to 2.7.0) and that of MARS is 15.10.
[image: ]
[bookmark: _Ref324173234]Figure 1: The (vacuum) cell 59 – 70 are the volume which the equivalent doses are measured.

2. Results

Simulations with MCNPX and MARS have been done using the same geometry file (as one can use MCNPX geometry in MARS).  The author has tried to vary a few flags but none has large difference.  The input files for MCNPX and MARS are attached in Appendix A and Appendix B.

The equivalent doses for both simulations are “measured” at the cylindrical volume between the radius of 450 cm and 460 cm.  Moreover, two energies, 250 GeV and 28 GeV, of the proton beams have tried.

When treated as one cylindrical volume, the ratios of equivalent doses of MARS to that of MCNPX are 1.47  0.02 at 250 GeV and at 1.50  0.02 at 28 GeV.  (The errors are statistical from simulation.) To get a sense of the dependence of this ratio versus z (or various angles), we have divided the volume into 12 partitions as shown in Figure 1.   The results of the ratios vs z for proton beams of 250 GeV and 28 GeV are shown in Figure 2 and Figure 3 respectively.
[image: ]
[bookmark: _Ref325462206]Figure 2: Ratios of the equivalent doses of MARS to that of MCNPX versus z for the proton beam of  250 GeV. 
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[bookmark: _Ref325462210]Figure 3: Ratios of the equivalent doses of MARS to that of MCNPX versus z for the proton beam of  28 GeV.

Appendix A: [bookmark: _Ref325461177]MCNPX input file

testing fixed energy 250 GeV/c protons hitting an iron target                                     
c    from cp4                                                                           
c                  
1  0         2   -4  -50        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
2  2  -7.8   4   -5  -50        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
3  0         5  -14  -50        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
4  0         2  -14   50 -52    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
5  1  -2.35  2  -14   52 -53    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
6  1  -2.35  2  -14   53 -54    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
7  1  -2.35  2  -14   54 -55    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
8  1  -2.35  2  -14   55 -56    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
9  1  -2.35  2  -14   56 -57    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
c
c
c 55 0         1  -2   -58        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0
c 56 0        14  -15  -58        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0
c 57 0         2  -14   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1                       
59  0 13 -14  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
60  0 12 -13  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
61  0 11 -12  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
62  0 10 -11  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
63  0  9 -10  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
64  0  8 -9   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
65  0  7 -8   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
66  0  6 -7   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
67  0  5 -6   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
68  0  4 -5   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
69  0  3 -4   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
70  0  2 -3   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
c
c
999 0        -2:14:58           imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0
c 999 0        -2:14:57           imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0

c                                                                                     
1   PZ  -210.
2   PZ  -200.
3  PZ   -100.
4  PZ     0.
5  PZ   100.
6  PZ   200.
7  PZ   300.
8  PZ   400.
9  PZ   500.
10  PZ  600.
11  PZ  700.
12  PZ  800.
13  PZ  900.
14  PZ 1000.
15  PZ 1010.
c
50  CZ    3.0
51  CZ    10.
52  CZ   300.
53  CZ   330.
54  CZ   360.
55  CZ   390.
56  CZ   420.
57  CZ   450.
58  CZ   460.
c                                                                               
                                                                                
c                                                                               
c                                                                               
c Materials                                                                     
c
c                                                                               
c concrete                                                              
c                                                                               
m1    1001 0.135  &
      8016 0.6529 &
     14000 0.1185 &
     13027 0.0182 &
     20000 0.0754
mx1:h j j  14028 2j
c   iron
C steel                                                                         
C                                                                               
m2 6000 -.0003                           $ .0003 carbon                         
     7014 -.0009963 7015 -.0000037       $ .001 nitrogen                        
     14000 -.0075                       $ .0075 silicon                         
     15031 -.00045                       $ .00045 phosphorous                   
     16032 -.0003                        $ .0003 sulpher                        
     24050 -.00862 24052 -.16752         $ chromium                             
     24053 -.0191 24054 -.00476          $ .20 chromium                         
     25055 -.02                          $ .02 manganese                        
     26054 -.03785619 26056 -.5962025    $ iron                                 
     26057 -.01424486 26058 -.002146485  $ .65045 iron                          
     28058 -.0814176 28060 -.0314736     $ nickel                               
     28061 -.0014256                     $ nickel                               
     28062 -.0043896 28064 -.0012936 $ .12 nickel                               
mx2:h 6012 j j  14028 18j                                                       
C                                                                               
m4    1001 0.322 &
      6000 0.365 &
     14028 0.094 &
     16032 0.219                               
c                                                                             
c                                                                            
C                                                                               
sdef erg=250000. par=h  dir=1.  vec = 0. 0. 1.   x=0. y=0.  z=0.1  wgt=1          
c                                                                               
DBCN  945473                                                                    
c                                                                               
c                                                                
mode n h / k | l + - z % ^ p e
phys:n 250001.
phys:h 250001.
phys:/ 250001.
phys:k 250001.
phys:| 250001.
phys:l 250001.
phys:+ 250001.
phys:- 250001.
phys:z 250001.
phys:% 250001.
phys:^ 250001.
phys:p 250001. 2j -1
phys:e 25001.
cut:h j 1.
cut:/ j 1.
cut:k j 1.
cut:| j 1.
cut:l j 1.
cut:+ j 1.
cut:- j 1.
cut:z j 1.
cut:% j 1.
cut:^ j 1.
cut:p j 0.01
cut:e j 0.1
c                                                                               
c
c
F4:n 59
F14:n 60
F24:n 61
F34:n 62
F44:n 63
F54:n 64
F64:n 65
F74:n 66
F84:n 67
F94:n 68
F104:n 69
F114:n 70
c
F204:p 59
F214:p 60
F224:p 61
F234:p 62
F244:p 63
F254:p 64
F264:p 65
F274:p 66
F284:p 67
F294:p 68
F304:p 69
F314:p 70
c
F404:h 59
F414:h 60
F424:h 61
F434:h 62
F444:h 63
F454:h 64
F464:h 65
F474:h 66
F484:h 67
F494:h 68
F504:h 69
F514:h 70
c
F604:/ 59
F614:/ 60
F624:/ 61
F634:/ 62
F644:/ 63
F654:/ 64
F664:/ 65
F674:/ 66
F684:/ 67
F694:/ 68
F704:/ 69
F714:/ 70
c
nps 150000
c prdmp   10000  10000   0 10  10000
print -60 -62 -72 -100 -126 -160 -161 -162 -190 -200 -41 -50 -70 -85 -78                     
c Energy Bins (upper limits)                                                    
e0  1.0E-8 1.0E-7 1.0E-5 .001 .1 1. 20. 100. 500. 1000. 3000. 250000.
C
c     neutron fluence to dose
c 
c 
df4 iu=1 fac=2.77777777778E-4  log ic=40
df14 iu=1 fac=2.77777777778E-4  log ic=40
df24 iu=1 fac=2.77777777778E-4  log ic=40
df34 iu=1 fac=2.77777777778E-4  log ic=40
df44 iu=1 fac=2.77777777778E-4  log ic=40
df54 iu=1 fac=2.77777777778E-4  log ic=40
df64 iu=1 fac=2.77777777778E-4  log ic=40
df74 iu=1 fac=2.77777777778E-4  log ic=40
df84 iu=1 fac=2.77777777778E-4  log ic=40
df94 iu=1 fac=2.77777777778E-4  log ic=40
df104 iu=1 fac=2.77777777778E-4  log ic=40
df114 iu=1 fac=2.77777777778E-4  log ic=40
c
c     Photon fluence to dose 
c
df204 iu=1 fac=2.77777777778E-4  log ic=10
df214 iu=1 fac=2.77777777778E-4  log ic=10
df224 iu=1 fac=2.77777777778E-4  log ic=10
df234 iu=1 fac=2.77777777778E-4  log ic=10
df244 iu=1 fac=2.77777777778E-4  log ic=10
df254 iu=1 fac=2.77777777778E-4  log ic=10
df264 iu=1 fac=2.77777777778E-4  log ic=10
df274 iu=1 fac=2.77777777778E-4  log ic=10
df284 iu=1 fac=2.77777777778E-4  log ic=10
df294 iu=1 fac=2.77777777778E-4  log ic=10
df304 iu=1 fac=2.77777777778E-4  log ic=10
df314 iu=1 fac=2.77777777778E-4  log ic=10
c
c (converting proton fluxes to doses)
c
c
de404  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df404  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de414  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df414  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de424  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df424  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de434  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df434  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de444  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df444  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de454  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df454  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de464  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df464  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de474  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df474  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de484  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df484  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de494  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df494  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de504  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df504  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
de514  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200
df514  1. 15. 1000. 3130. 1825. 1230. 828. 898. 1125. 2480. 3870. 6690.
c
c
c (converting pion fluxes to doses)
c
c
de604  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df604  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de614  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df614  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de624  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df624  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de634  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df634  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de644  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df644  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de654  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df654  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de664  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df664  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de674  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df674  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de684  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df684  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de694  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df694  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de704  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df704  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
de714  1. 5. 10. 35.5 70.8 141.3 447. 562. 1122. 8912. 28180. 112200.
df714  1. 15. 1000. 1640. 1445. 1355. 1330. 1331. 1345. 2520. 3910. 6720.
c

Appendix B: [bookmark: _Ref325461222]MARS input file

Muon radiation from the RHIC Beam Dump 2011
/home3/nmokhov/restricted/mars15/dat/
c
c shielding
c
INDX T 4=T 5=T 6=T 15=T 16=T
c
c normal (non-shielding)
c 
c INDX T 4=T 5=T 16=T
CTRL 0
c
c ----------------------------------------------
c To calculate volume, do the following 
c
c CTRL 2 3=1
c RZVL  3=7000 5=7.0E8
c RZVL  5=8.0E8
c RZVL  2=40 3=55. 4=65.  5=3.0E8
c RZVL  4=1001.  5=2E7
c RZVL  3=-140.  4=2881.
c RZVL  3=-621. 4=-130.
c ----------------------------------------------
c 
NEVT 200000
c
ENRG 250.  5=1.0E-12
c ENRG 250. 5=1. 6=1. 7=1. 8=1.
c ENRG 250.
IPIB 1 -1
c
c
BEAM 0.  0.
INIT 0.  0. 0.1
ICEM 4=0 5=6
c SMIN 0.01 3.
ZMIN -250.
NLNG 1
ZSEC 1050.
NLTR 1
RSEC 500. 101=0
c RSEC 1025. 101=0
NMAT 2
MATR 'MIX1'  'MIX2'   
MTDN 1=2.35  2=7.8
c
c material 7 is really a blackhole --- as its density is >= 1E20 (MARS manual under the section of "Materials")
c
VARS 4=1
c VARS 4=1e6
c
c Minimal thing to have histograms : NHBK = 1
NHBK 1
c NHBK 3
c ----------------------------------
c NOBL 3=0
c --------------
c NOBL 1
c RZOB 120. 500.  -54.1 -54.0
c NSUR  3
c RZTS  120. 200.  -54.1 -54.1 0  200. 400.  -54.1 -54.1 0  400. 700.  -54.1 -54.1 0
c NSUR  1
c RZTS  0.0  300.  -586.58 -586.58 81  
c
SEED   5123870
c
c TAPE 18
STOP

*MCNP START
c testing fixed energy 250 GeV/c protons hitting an iron target                                     
c                  
1  0         2   -4  -50        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
2  2  -7.8   4   -5  -50        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
3  0         5  -14  -50        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
4  0         2  -14   50 -52    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
5  1  -2.35  2  -14   52 -53    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
6  1  -2.35  2  -14   53 -54    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
7  1  -2.35  2  -14   54 -55    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
8  1  -2.35  2  -14   55 -56    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
9  1  -2.35  2  -14   56 -57    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
c 55 0         1  -2   -58        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0
c 56 0        14  -15  -58        imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0
c 57 0         2  -14   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1                       
59  0 13 -14  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
60  0 -13  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
61  0 11 -12  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
62  0 10 -11  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
63  0  9 -10  57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
64  0  8 -9   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
65  0  7 -8   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
66  0  6 -7   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
67  0  5 -6   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
68  0  4 -5   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
69  0  3 -4   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
70  0  2 -3   57 -58    imp:n,h,/,k,|,l,+,-,z,%,^,p,e=1
999 0        -2:14:58           imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0
c 999 0        -2:14:57           imp:n,h,/,k,|,l,+,-,z,%,^,p,e=0

c                                                                                     
1   PZ  -210.
2   PZ  -200.
3  PZ   -100.
4  PZ     0.
5  PZ   100.
6  PZ   200.
7  PZ   300.
8  PZ   400.
9  PZ   500.
10  PZ  600.
11  PZ  700.
12  PZ  800.
13  PZ  900.
14  PZ 1000.
15  PZ 1010.
c
50  CZ    3.0
51  CZ    10.
52  CZ   300.
53  CZ   330.
54  CZ   360.
55  CZ   390.
56  CZ   420.
57  CZ   450.
58  CZ   460.
c                                                                               
                                                                                
c =================================================
mode n p                                                                               
c                                                                               
c Materials                                                                     
c
c concrete                                                              
c                                                                               
m1    1001 0.135  &
      8016 0.6529 &
     14000 0.1185 &
     13027 0.0182 &
     20000 0.0754
c   iron
C steel                                                                         
C                                                                               
m2 6000 -.0003                           $ .0003 carbon                         
     7014 -.0009963 7015 -.0000037       $ .001 nitrogen                        
     14000 -.0075                       $ .0075 silicon                         
     15031 -.00045                       $ .00045 phosphorous                   
     16032 -.0003                        $ .0003 sulpher                        
     24050 -.00862 24052 -.16752         $ chromium                             
     24053 -.0191 24054 -.00476          $ .20 chromium                         
     25055 -.02                          $ .02 manganese                        
     26054 -.03785619 26056 -.5962025    $ iron                                 
     26057 -.01424486 26058 -.002146485  $ .65045 iron                          
     28058 -.0814176 28060 -.0314736     $ nickel                               
     28061 -.0014256                     $ nickel                               
     28062 -.0043896 28064 -.0012936 $ .12 nickel    
C                                                                               
c                                                                               
c                                                                
c                                                                              
*MCNP END
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