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Introduction

Fluka version 11.2c.0
Flugg version 2009_3

• The strategy is to record particles every time there is an interaction; 
• Then, starting from the final neutrino, latch all the particles till the 

POT that generated all the neutrino history; 
• Each interaction is a step in the neutrino history; 
• Two or more steps could refer to the same particle, for ex. if it 

underwent an elastic interaction.

The idea is to keep a record of all the neutrino history, i.e. 
we want to store the neutrino parent, grandparent and so 

on, until the initial proton on target.

Software framework:
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A neutrino history example
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How to do it
• Use user routines mgdraw.f and stuprf.f to access all the informations about the 

particles being transported by Fluka. 
• The user has 11 double and 11 int variables to use as he likes. 
• These variables are used to connect informations between parent and daughter 

particles in run time. 
• In this way, every time there is an interaction, we can access informations about:

A. the particle that underwent the interaction (Fluka allows 
to do that by default); 

B. the parent of that particle (thanks to the user variables).
• So every time an interaction occurs, informations A. and B. are recorded in 

arrays for future analysis. 
• These arrays will contain all necessary informations about the particles 

simulated by Fluka. For each particle they will contain an unique ID of the 
current particle and of the parent particle. 

• Using the unique ID, every time there is a neutrino, the arrays are analyzed in 
order to latch all the particles till the POT that generated such neutrino. 

• The information about the latched particles are stored in an ancestor.dat and 
then to the .root file that constitute the output of the simulation. 

• Finally, the .root file is converted to dk2nu format.
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How big the files are:

A technical note about all my work will be available soon.

File Size per POT Size per 500k 
POT

ancestors.dat 15kB 7.5GB

.root Flugg 342B 171MB

.root Flugg latched 1.6kB 800 MB

.dk2nu.root 1.8kB 900 MB
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Ancestor List example
root [1] dk2nuTree->Scan(“ancestor.pdg:ancestor.startz:ancestor.startpz”, “", 
"colsize=16")
********************************************************************************
*    Row   * Instance *     ancestor.pdg *  ancestor.startz * ancestor.startpz *
********************************************************************************
[...]
*        2 *        0 *               14 * 821.762718999999 *       1.00635102 *
*        2 *        1 *              321 *       329.565367 *       3.37901836 *
*        2 *        2 *              321 * -9.3178274499999 *       3.38971406 *
*        2 *        3 *              321 *      -112.197906 *       3.39572853 *
*        2 *        4 *              321 *      -114.688117 *       4.22898029 *
*        2 *        5 *              321 *      -116.943597 *        4.2366518 *
*        2 *        6 *              321 *      -124.442878 *       4.25746782 *
*        2 *        7 *             2212 *      -124.706205 *       119.930887 *
*        2 *        8 *             2212 *      -137.872651 *       119.985382 *
*        2 *        9 *             2212 *      -140.755019 *       119.993872 *
*        2 *       10 *             2212 *             -600 *              120 *
[...]

K+p νμ
• delta ray 

x3 
• inelastic 

interaction

• delta ray 
x5 

• decay
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Ancestor List at work
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Number of interactions
Given a neutrino directed toward the ND, here is a table of the number of 
interactions its ancestors had. 
For example:

count as 1 interaction, since there is only a proton that interact with the material, 
while the others are just decays. 
And:

K+p π+ νμ
• inelastic 

interaction
• decay • decay

K+p π+ νμ
• inelastic 

interaction
• decay • decay

K+

• inelastic 
interaction

count as 2 interactions, since there are the proton and the kaon that interact with 
the material.
Delta ray and elastic do not count as interaction.

8
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Number of interactions

Interactions νμ / 6e20 POT / cm2 ratio

1 4.28E+12 59.4%

2 2.06E+12 28.6%

3 4.70E+11 6.5%

more than 3 1.47E+11 2.0%

total 7.22E+12

What follows is the number of neutrinos directed toward 
the center of the ND, every 6 x 1020 POT, per cm2. 

9
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νμ Flux at the center of the ND / 6e20 POT
Entries  358888
Mean    2.095
RMS     1.254
Integral  7.257e+12

Energy [GeV]
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Entries  358888
Mean    2.095
RMS     1.254
Integral  7.257e+12
Entries  81224
Mean    2.175
RMS     1.223
Integral  4.268e+12

Entries  81224
Mean    2.175
RMS     1.223
Integral  4.268e+12
Entries  90322
Mean    2.087
RMS     1.251
Integral  2.088e+12

Entries  90322
Mean    2.087
RMS     1.251
Integral  2.088e+12
Entries  77253
Mean    1.746
RMS     1.273
Integral  4.782e+11

Entries  77253
Mean    1.746
RMS     1.273
Integral  4.782e+11
Entries  101970
Mean   0.8102
RMS    0.9933
Integral  1.594e+11

Entries  101970
Mean   0.8102
RMS    0.9933
Integral  1.594e+11

Total

1 interaction

2 interactions

3 interactions

4 or more interactions

 flux at the center of the NDµν
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Entries  1465570
Mean   -107.3
RMS     27.71
Overflow    12.03
Integral   232.6
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Entries  1465570
Mean   -107.3
RMS     27.71
Overflow    12.03
Integral   232.6
Entries  1465570
Mean   -79.13
RMS      39.5
Overflow    34.37
Integral   209.8

Entries  1465570
Mean   -79.13
RMS      39.5
Overflow    34.37
Integral   209.8
Entries  1465570
Mean    -50.3
RMS     50.26
Overflow    64.34
Integral     177

Entries  1465570
Mean    -50.3
RMS     50.26
Overflow    64.34
Integral     177

1st interacting particle

2nd interacting particle

3nd interacting particle

End point along the beamline 3_1

Entries  1708686
Mean   -103.3
RMS     29.76
Overflow    17.62
Integral    1059
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Entries  1708686
Mean   -103.3
RMS     29.76
Overflow    17.62
Integral    1059
Entries  1708686
Mean   -67.23
RMS     52.01
Overflow    114.3
Integral     965

Entries  1708686
Mean   -67.23
RMS     52.01
Overflow    114.3
Integral     965

1st interacting particle

2nd interacting particle

End point along the beamline 2_1

Entries  1547793
Mean   -98.38
RMS     33.81
Overflow    46.18
Integral    2196
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Entries  1547793
Mean   -98.38
RMS     33.81
Overflow    46.18
Integral    2196

End point along the beamline 1
End point of ancestors that interacted with the material

One interaction Two interactions

Three interactions
Target Target

Target

int. in Target out Target % out
1 first 1.37E+17 4.18E+15 2.9%
2 first 6.68E+16 1.43E+15 2.0%
2 second 5.60E+16 1.22E+16 20.3%
3 first 1.47E+16 8.60E+14 4.6%
3 second 1.28E+16 2.75E+15 16.2%
3 third 9.64E+15 5.89E+15 42.7%

νμ / 6e20 POT:
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Entries  1547793
Mean   -98.38
RMS     33.81
Overflow    46.18
Integral    2196
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Entries  1547793
Mean   -98.38
RMS     33.81
Overflow    46.18
Integral    2196

End point along the beamline 1End point of ancestors that interacted with the material
One interaction

Target
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Entries  1547793
Mean   -98.04
RMS     34.46
Integral    2190
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Entries  1547793
Mean   -98.04
RMS     34.46
Integral    2190
Entries  669991
Mean   -97.63
RMS     34.63
Integral    1956

Entries  669991
Mean   -97.63
RMS     34.63
Integral    1956
Entries  714256
Mean   -102.7
RMS     32.17
Integral   158.5

Entries  714256
Mean   -102.7
RMS     32.17
Integral   158.5

+π

+K

End point along the beamline 1
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Entries  1708686
Mean   -103.3
RMS     29.76
Integral    1059
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Entries  1708686
Mean   -103.3
RMS     29.76
Integral    1059

Entries  331562
Mean   -103.1
RMS     29.55
Integral   267.7

Entries  331562
Mean   -103.1
RMS     29.55
Integral   267.7

Entries  278596
Mean   -104.3
RMS      29.7
Integral   33.87

Entries  278596
Mean   -104.3
RMS      29.7
Integral   33.87
Entries  508142
Mean   -104.4
RMS     28.95
Integral     464

Entries  508142
Mean   -104.4
RMS     28.95
Integral     464
Entries  199614
Mean   -104.3
RMS     29.43
Integral   137.1

Entries  199614
Mean   -104.3
RMS     29.43
Integral   137.1
Entries  121991
Mean    -95.4
RMS     34.36
Integral   63.32

Entries  121991
Mean    -95.4
RMS     34.36
Integral   63.32
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End point along the beamline 2_1

Entries  1708686
Mean   -103.3
RMS     29.76
Overflow    17.62
Integral    1059
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Mean   -103.3
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Overflow    17.62
Integral    1059
Entries  1708686
Mean   -67.23
RMS     52.01
Overflow    114.3
Integral     965

Entries  1708686
Mean   -67.23
RMS     52.01
Overflow    114.3
Integral     965

1st interacting particle

2nd interacting particle

End point along the beamline 2_1
End point of ancestors that interacted with the material

Two interactions

Target
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Entries  1708686
Mean   -67.23
RMS     52.01
Integral     965
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Mean   -67.23
RMS     52.01
Integral     965

Entries  518564
Mean   -67.04
RMS     51.68
Integral   892.2

Entries  518564
Mean   -67.04
RMS     51.68
Integral   892.2

Entries  1065978
Mean   -70.84
RMS     55.42
Integral   55.19

Entries  1065978
Mean   -70.84
RMS     55.42
Integral   55.19

Entries  1065978
Mean   -70.84
RMS     55.42
Integral   55.19

Entries  1065978
Mean   -70.84
RMS     55.42
Integral   55.19
Entries  25093
Mean   -70.03
RMS     51.91
Integral   7.611

Entries  25093
Mean   -70.03
RMS     51.91
Integral   7.611
Entries  17983
Mean   -67.22
RMS     56.11
Integral   3.237

Entries  17983
Mean   -67.22
RMS     56.11
Integral   3.237
Entries  54936
Mean    -52.5
RMS     63.14
Integral   3.546

Entries  54936
Mean    -52.5
RMS     63.14
Integral   3.546
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End point along the beamline 2_2
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Entries  1465570
Mean   -107.2
RMS     27.98
Integral   232.7
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Mean   -107.2
RMS     27.98
Integral   232.7

Entries  229030
Mean   -106.9
RMS     28.28
Integral    27.2

Entries  229030
Mean   -106.9
RMS     28.28
Integral    27.2

Entries  163273
Mean   -108.3
RMS     28.15
Integral   4.428

Entries  163273
Mean   -108.3
RMS     28.15
Integral   4.428
Entries  488466
Mean   -107.9
RMS     27.29
Integral   133.5

Entries  488466
Mean   -107.9
RMS     27.29
Integral   133.5
Entries  225886
Mean   -107.9
RMS     27.46
Integral   37.65

Entries  225886
Mean   -107.9
RMS     27.46
Integral   37.65
Entries  115875
Mean   -101.3
RMS     32.82
Integral   4.456

Entries  115875
Mean   -101.3
RMS     32.82
Integral   4.456
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End point along the beamline 3_1

Entries  1465570
Mean   -107.3
RMS     27.71
Overflow    12.03
Integral   232.6
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Entries  1465570
Mean   -107.3
RMS     27.71
Overflow    12.03
Integral   232.6
Entries  1465570
Mean   -79.13
RMS      39.5
Overflow    34.37
Integral   209.8

Entries  1465570
Mean   -79.13
RMS      39.5
Overflow    34.37
Integral   209.8
Entries  1465570
Mean    -50.3
RMS     50.26
Overflow    64.34
Integral     177

Entries  1465570
Mean    -50.3
RMS     50.26
Overflow    64.34
Integral     177

1st interacting particle

2nd interacting particle

3nd interacting particle

End point along the beamline 3_1

Entries  1465570
Mean   -79.17
RMS     39.84
Integral   210.2

z [cm]
-150 -100 -50 0 50 100 150

en
tri

es
 p

er
 b

in

0

2

4

6

8

10
Entries  1465570
Mean   -79.17
RMS     39.84
Integral   210.2
Entries  277953
Mean   -78.46
RMS     41.06
Integral   63.05

Entries  277953
Mean   -78.46
RMS     41.06
Integral   63.05

Entries  521610
Mean   -77.41
RMS     43.04
Integral   9.273

Entries  521610
Mean   -77.41
RMS     43.04
Integral   9.273
Entries  193165
Mean   -80.74
RMS     37.51
Integral   67.17

Entries  193165
Mean   -80.74
RMS     37.51
Integral   67.17
Entries  109870
Mean   -81.69
RMS     36.23
Integral   28.86

Entries  109870
Mean   -81.69
RMS     36.23
Integral   28.86
Entries  163748
Mean   -69.33
RMS     43.91
Integral   16.33

Entries  163748
Mean   -69.33
RMS     43.91
Integral   16.33
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Starting position along the beamline 3_2

End point of ancestors that interacted with the material
Three interactions

Target
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Entries  1465570
Mean   -43.75
RMS     65.43
Integral   181.3
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Entries  1465570
Mean   -43.75
RMS     65.43
Integral   181.3
Entries  429618
Mean      -44
RMS     64.68
Integral   169.5

Entries  429618
Mean      -44
RMS     64.68
Integral   169.5
Entries  964744
Mean    -42.6
RMS     74.81
Integral   8.959

Entries  964744
Mean    -42.6
RMS     74.81
Integral   8.959

+π

+K

End point along the beamline 3_3
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Entries  307249
Mean    2.106
RMS     1.225
Integral  6.782e+12

Energy [GeV]
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Entries  307249
Mean    2.106
RMS     1.225
Integral  6.782e+12
Entries  51639
Mean    1.934
RMS     1.598
Integral  4.748e+11

Entries  51639
Mean    1.934
RMS     1.598
Integral  4.748e+11
Entries  358888
Mean    2.095
RMS     1.254
Integral  7.257e+12

Entries  358888
Mean    2.095
RMS     1.254
Integral  7.257e+12

 which ancestors interacted only in the Targetµν

 which ancestors interacted at least once outside the Targetµν

 fluxµνTotal 

 Flux at the center of the NDµν

νμ Flux at the center of the ND / 6e20 POT
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