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| Neutrinos
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Neutrino Experiments

Sanford Underground
Research Facility

Fermilab

* Neutrinos are being studied in experiments like DUNE and MicroBooNE
* Beams of trillions of neutrinos are sent into large tanks of liquid argon to study interactions




Liguid Argon TPC

Charged Particles
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Neutrino collisions eject charged
particles

Charged particles knock electrons loose
To learn more about neutrinos, we need
to identify the particle ejected during the
collision

Particle identification 1s also important in
isolating neutrino collisions




Multiple Coulomb Scattering (MCS)

* Charged particles undergo y'

electromagnetic scattering ~_
* 'Tracks broken into segments =

of length { \<
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Why Use MCS?

Momentum and identity of particles can be more accurately reconstructed
using range-based momentum methods

* Range-based methods use measured energy deposits over a particle’s track to
determine momentum

* These enerov deposits can be used to distineuish protons from muons
gy aep g p

However, MCS can be used on exiting particle tracks.




; Track Segmentation & Selection

Using segment length of 14 cm
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Selection Criteria: ]
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1. Tracks must contain at least 6 501
segments for protons, 12 o .
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2. Only the first 6 segments for 30
protons, or first 12 segments 201
for muons, are used .
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Protons Muons
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400" 300
350— E
= 250—
300 =
250:_ 200:—
200— 150[—
150 — —
- 100—
100— —
- 50—
50— =
0:[|[|[|[|[|[|[|[|[|[]|]I]|]I]|]IJ|]I]|] Coaoa b v v b v by b b b b o by oy
01 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 008 01
Angle (Radians) Angle (Radians)

Note: These are 3D scattering angles, so instead of being modelled by a gaussian f(x), the 3D angles are
modelled by f(x) * x.




MCS Validation
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Momentum Reconstruction

To find momentum using multiple coulomb scattering, we use a maximum

likelthood method:
° A momentum scan range and increment is set
° 0 -2000 MeV/c, step size of 10 MeV/c
* For a given 1nitial momentum, find expected energy losses over each segment
* Use energy losses to find starting momentum of each segment in the track
* Use measured scattering angles and calculated RMS angle to find likelihood

* Pick momentum with highest likelihood
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Momentum Reconstruction

Segment Momentum Final Energy
MeV/c) (MeV) Energy losses:

* Starting with an initial momentum

guess

9 971 21 943 * Use Bethe-Bloch to find energy
losses over segments

3 937 23 912 * Use energy losses to find

momentum at each segment
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Momentum Reconstruction

Segment Momentum RMS
MeV/c)

. 1 1000 0.0115 RMS angle:
* Using calculated momentums from
2 971 0.0119 Bethe-Bloch energy loss

* Find expected scattering angle from
3 037 0.0123 Highland formula
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Momentum Reconstruction

Pick initial momentum guess with maximum
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Low Energy Muon Momentum Reconstruction
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High Energy Muon Momentum Reconstruction

MCS Momentum

o

100 — 3

- =3

n 3

80— 'S

n £

[=]

- =

- 8

60— s
40—
20—

0 [ 1 1 1 I 1 1 1 I 1 L h 1 1 1 I 1 1 1 I L L L IT'—L| I I L L L I L L
0 200 400 600 800 1000 1200 1400 1600
Momenti

2000

Truth Momentum vs MCS Momentum

1800

1600

1400

1200

1000

800

600

400

200

11 |

IlllllIlIlllIlIlIJIJIJIJIJIJIJIJIJIJ

DO

200

400

600

800

1000

1200

1400

1600

1800

2000

Truth Momentum (MeV/c)

10 truthMomentum
Entries 1172
Mean 986.3
Std Dev 84.13

25

20

15

10

5
1800 2000

0 um (MeV/c)

15




Proton Momentum Reconstruction

MCS Momentum Truth Momentum vs MCS Momentum |
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Particle Identification
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Usidgstagotmstthideed data
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Conclusion

Multiple coulomb scattering allows exiting proton and muon tracks to be analyzed for accurate
momentum estimation. Using truth position data, muons can be successfully identified nearly
all the time, while protons require a closer look due to inelastic scattering.

Before using MCS for particle identification in neutrino experiments, detector effects on
reconstructed position data must be resolved.

Future work:
* Successfully implement MCS on reconstructed track data
* Use MCS to detect inelastic proton scattering

* Distinguish exiting protons and muons in neutrino experiments
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