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Simulation Technique

ValidationIntroduction
We propose a technique to generate multiple simulation 
samples with high statistics. Simulation time and computing 
resources can be significantly reduced by simulating a 
single high statistics sample with a uniform distribution on 
beam parameters. This is done by calculating a Gaussian 
weight, then applying the weight to all measurements in 
postprocessing.
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Remarks

» Ability to generate as many as random samples.
» Reduces the waiting time on generating samples. 
» Allowing to study different beam configurations such as 

beam spot size, beam shape, etc.
» Helpful for simulation based ML studies. 
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Uniform beam Gaussian weights Gaussian Beam

Beam X [cm]
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

# 
Ev

en
ts

0

200

400

600

800

1000

1200

1400

310×
Beam X

Edges of the target 

Example of weighted Gaussian beam profiles

Applications

33426.7 56861.2 81284 101977 110226 105599 85859.4 60107 37532.7

55317 99378.9 152020 182151 196755 186723 158154 109438 60185.1

79167.3 153524 232932 264919 282318 278099 247391 167018 88514

96848.8 185174 284328 320949 335429 332299 301928 202284 107086

105499 198030 297910 331405 346639 347778 317915 216280 117039

97709.9 186567 286565 322195 341038 337470 311661 206916 109796

80548 156188 244433 280898 294807 295312 260821 174394 87773.3

53861.9 100049 155249 190832 200598 200265 168784 108881 60042.7

33282.9 56315.8 82593.2 105175 112614 107885 87471.7 59379.3 35895.2
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120 GeV/c momentum protons from the Main Injector are striking 
with a graphite target to produce mesons. Charged mesons are 
focused into the decay pipe. The decay of pions and kaons 
produces muons and muon-neutrinos. This muon-neutrino beam 
is delivered to  neutrino experiments such as NOvA. 

Validating Beam Profile 
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Validating Muon Kinematics

The technique has been validated by comparing the reproducibility of the nominal simulation 
results from the uniform simulation samples. Here we have used the NuMI beam simulation 
to cary out the validation validation studies following tests:

• Testing statistical reproducibility.

• Testing kinematics reproducibility.
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Validating Muon Flux at the Muon Monitor 1

31011 52345.9 77039.4 96030.8 104939 101182 83027 58245.7 36431.4

50564.9 91772 141783 170720 183293 180657 155823 106123 59964.6

73257.7 140961 215585 249955 264522 266998 240565 162767 85342.7

90201.4 172615 260967 294802 312863 318406 294832 199291 107818

98210.3 180129 272818 307905 327834 331416 309803 210141 113612

91779.5 174293 266060 301073 321107 322595 299312 201442 107170

73227.6 146065 228417 263209 280280 282448 255200 167206 87141.6

49467.3 93644.3 147564 178623 192665 188435 160962 106068 58906.6

31408.4 51581.2 76976.1 97579.1 107882 102505 82972.9 57970.1 35158.9

 = -0.2 cmµMuon Monitor 1:Nominal Beam, 
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 = -0.2 cmµMuon Monitor 1:Nominal Beam, 

30722.5 51615.4 74811.8 96371.1 104707 101677 84550.8 59140.7 35991.5

50721.2 92458 140829 170285 184889 177033 154699 106859 58201.5

73407.5 139716 215206 248356 264458 264759 241985 163692 85639.4

89900.5 171332 262932 296672 315847 318510 294314 198889 106738

98490 182536 272766 310245 328969 333094 310693 210564 114822

90815.6 172434 265642 299758 322808 322730 302753 202048 107169

74419.3 145778 227160 262886 279201 284058 254110 167415 86904.6

48168.8 93166.8 146688 178172 190501 190498 161291 106869 58827.2

30787.2 52643.9 77221.9 99156.7 106781 102800 84685 58788.5 35116.6

 = -0.2 cmµMuon Monitor 1: Uniform Beam, 
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 = -0.2 cmµMuon Monitor 1: Uniform Beam, 

0.986326 1.00488 0.974208 1.00044 0.995166 1.01504 1.01708 1.00496 1.00357

1.01104 1.00081 0.998259 0.994945 1.00309 0.987653 0.998608 1.00822 0.99882

0.988497 0.989329 0.99839 0.990872 0.989159 0.986017 1.00574 1.00548 0.99974

0.978299 0.999029 1.00768 1.003 1.005 1.00139 0.998558 0.996979 0.993642

1.01117 1.00228 1.00024 0.994952 0.998157 0.999147 1.00662 0.994246 0.998146

0.995194 0.985199 0.993227 0.991667 1.01114 1.00143 1.00287 1.00018 1.00195

1.01242 1.00181 0.991622 0.99613 0.997813 1.0113 0.995623 1.00463 0.998211

0.960406 0.998314 0.995079 1.00679 0.989064 1.00632 0.991246 1.00192 0.998844

0.99941 1.04287 1.00358 1.01168 0.998246 1.00748 1.0098 1.01013 1.00363

 = -0.2 cmµRatio: Uniform/Nominal, 
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 = -0.2 cmµRatio: Uniform/Nominal, 

Prepare uniformly distributed large simulation samples on  
beam variables for a selected range.
Calculate the gaussian weights according to the settings of 
the studying variable.
Apply corresponding weights on observable variables.
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Observable: Weighted Muon Flux

➡ Beam scan studies
➡ Beam spot size studies
➡ LBNF simulation studies
➡ Machine learning applications

Muon flux centroid response 
to the  horizontal beam scan 
with 200 kA horn current 
settings  Muon flux centroid response to the  horizontal 

beam scan with 200 kA horn current settings  
A comparison of neutrino events by 
setting up different beam and horn 
current configurations

An example of predicting neutrino flux at the 
NOvA near detector using a ML algorithm.
We have generated more than 50,000 samples 
for the training algorithm.

» This technique is easy and effective to generate many 
beam configuration possibilities without running the 
MC generator. 

» We can save the waiting time for generating MC 
samples. 

» We have validated the uniform beam simulation 
technique with the nominal beam simulation. 

» We are able to do the beam scans, beam spot size and 
horn current studies by using this technique. 

» This technique is useful to prepare large MC data 
samples for ML studies. 
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