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Motivation

- Create single high-statistics
uniform simulation sample for each
beam variable

- Can generate as many random
samples as possible from a single
uniform beam sample

- Can avoid generating multiple
nominal simulation samples —
reduces expensive computing
resource & grid time

Allows to do beam scan studies in
simulation

Study different beam configurations
i.e., beam spot size, beam shape etc.

ML studies, need large statistics in
simulated sample to understand
correlation b/w MM observation &
target incidents
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Uniform Beam Simulation for NuMI

From uniformly distributed proton throws, weights for different proton beam settings

calculated using Eqn.
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Uniform Beam Simulation for NuMi

Horizontal Proton Beam Position Vertical Proton Beam Position

.25 Q.
beamX [cm]

« Uniform proton beam position generated by random throws along X & Y

« Only recorded if a neutrino candidate at neutrino detector from hadron decay
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Uniform Beam Simulation for NuMI

Horizontal Proton Beam Position
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POT Estimation

1. Start with random throws

2. Generate a gaussian beam profile
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POT Comparison b/w Uniform & Nominal

1. Start with random throws |

- Uniform POT = 1000 M
10 :
i
2. Generate a gaussian N [ POt ~,250 v
beam profile /f \ = % uniform POT
200 / \

3. Calculate tot. # of muons
at MM1

1.3380E07 from uniform

0 50 100
Muon Monitor #1: X [ecm]
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Beam Profile Comparison b/w
Uniform & Nominal
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Muon Flux Profile Comparison b/w
Uniform & Nominal

MM1:Uniform:Slice0: -0.2 cm MM1:Nominal:Slice0 : -0.2 cm MM 1 :Uniform/Nominal:Slice0

POT: 1000M POT: 250M

~ 3% difference at some edge pixels — random statistical fluctuations
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Muon Momentum Comparison b/w
Uniform & Nominal
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Applications
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Applications

Study scans with uniform beam simulation with Muon Monitor 1 & 2

Horn current : 200 kA Horn current : 180 kA

—_
o

—
o

8 Horn current: +200kA 8 Horn current: +180kA
MM1 uniform: Y = (-5.940 = 0.046)X+(1.664 = 0.006) MM1 uniform: Y = (-3.526 + 0.049)X+(1.527 + 0.007)
MM1 inal: Y = (-5.769 + 0.052)X+(1.598 = 0.007) MM1 inal: Y =(-3.613 =+ 0.050)X+(1.467 = 0.007)
MM2 uniform: Y = (1.410 = 0.107)X+(0.981 = 0.015) ————— MM2 uniform: Y = (5.506 = 0.126)X+(0.554 + 0.018)

MM2 nominal: Y = (1.868 = 0.123)X+(0.953 = 0.016) MM2 nominal: Y = (5.866 = 0.126)X+(0.633 = 0.018)
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Applications

Study beam spot size changes

Beam Spot Size: o =0.08 cm
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Applications

* Machine Learning studies

0.8
0 a_zw - . .
€0.7. — Prediction Uniformly distributed sample used
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0 0.6 profiles for different selected beam
_g 0.5 parameters
S
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c
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)
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LBNF Uniform Beam Simulation

Geant 4 geometry: fins in xy plane

y(cm)

5 beam samples generated by
applying Gaussian weights

Beam Y [cm]

Interactions after throwing uniformly distributed protons
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LBNF Uniform Beam Simulation

Beam X Beam Y
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Comparing Uniform & Nominal
LBNF Beam profiles
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NEvents

Some Examples of Application

A comparison of neutrino events by setting up different beam and horn configurations

R -
60000 g 1.041-
r N D Horn current: +300kA ﬂ: : N D
: = Uniform beam p = -0.2 cm - Horn current: +300kA
i == Uniform beam 1 =-0.1 cm B Uniform beam 4 = -0.4 em
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40000~ 1.021
30000 101~
20000 1
i e
10000 0.991
0_||||||||||||||||||||||||||||| 0.98_—""l""|""|""|""|""
0 1 2 3 4 5 6 0 1 2 3 4 5 6
v Energy [GeV] v Energy [GeV]
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Some Examples of Application

A comparison of neutrino events by setting up different beam and horn configurations

N Events
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Some Examples of Application

« Added uniform proton beam X & Y information in HaDeS simulation by placing a Tracking
Plane at HaDeS location
« User can choose beam range, shown here b/w +/-10 mm along beam x

| NON ) |%| ROOT Object Browser
Irowser | File Edit ¥iew Options Tools Help
Files ‘ Canvas_1 (% ‘ Editor 1 ()|
84 % & Draw Option: : protonX
htemp
oot = 2400 - Entries 139892
(IPROOF Sessions — hsdedag 0.24;?;
ZAROOT Files = e )
El“ilgJ'pnfss’dune.l’scratch.l’l.lsers.l’sganguly’."ﬂuxﬁl- E
----- & |dk2ruTree;5 181]05—
- % |dkanuTree;4 1600 —
----- % |dkmetaTree; 1 5 1400 =
- # | HaDe S Tracking Data; 1 1200 —
..... Ty run 1000 =
----- & pothurm 800
& protons : iy
800 =
----- & protony -
----- & trackiD > 00
..... _& hP 200 ;—
= . 1 1
""" F pelg Code R—T i 10
..... _& Imnpeight protonx
..... & position
..... & position'y Command
""" '& positionZ v mam el el —l1 |
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Some Examples of Application

For different gaussian slices of the proton beam look at corresponding distributions of

charged particles at HaDeS

h_beamX_ 0
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Position Y [cm]

22

Posilion Y [cm]

u=-0.2cm

30

40

Position X [cm]

Posilion ¥ [cm]

40

30

30 4
Positien X [cm|

Posilion ¥ [cm]

Posilion ¥ [cm]

30 4
Positien X [cm)

10 20

u=-0.1cm

u=+0.2cm

a0

40
ition X [cm)

30 4
Position X [cm]

x10°




Some Examples of Application

For different Gaussian slices of the proton beam look at corresponding distributions of

charged particles at HaDeS
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Some Examples of Application

* Added uniform proton beam X & Y information in AlcoveTracks Tree

BeamX
Entries 1.050038e+07
Mean -0.0004212
Std Dev 0.5741

Jrowse

ece 5600
r‘EiIe Edit ¥iew Options Tools

5500

Files ]

4l % & Draw Option: -

[LIPROOF Sessions o
= =
"j ROOT Files 5200
E'ig gdlbhne_w3rSp10_QGSP_BERT_alcovel
o |dk2nuTree;2 5100
% |dk2nuTree; 1
% |dkmetaTree;1
- | AlcoveTracks; 1 4900

..... Frun : seool

""" Frevent : E ol b b b

""" e -1 08 -06 04 02 0 02 04 06 08 1

g Beam X [cm]
..... % D
..... % alcoveBool BeamY
g Eniries 1.050038e+07
Mean ~0.00317
Std Dev 0.5739
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4 Ml »

510 I
It
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5000 ':' i
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4800
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4700 1
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Some Examples of Application

Alcove Tracking Plane 1:
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Some Examples of Application

Alcove Tracking Plane 2:
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Muons/1E7POT

Some Examples of Application

Alcove Tracking Plane 3:

5000 j
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Some Examples of Application

Alcove 1 %
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Alcove

Some Examples of Application
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Remarks

Effective way to generate many
beam configuration possibilities
without running the MC generator

Extensive validation performed
for NuMI b/w uniform beam &
nominal beam simulation

Can perform beam scans, beam
spot size and horn current
studies in simulation

Can generate large statistics to
split data into training and test for
ML application

Code changes have been applied
to LBNF simulation

Could be useful for beam scan
studies for LBNF with simulation
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