Particle ID Away from the Bragg

. dE
Peak using —
dx

Isabella Ginnett
2 August 2019

nBooNE _

KANSAS STATE




Outline

How does the technique work?

1. What are neutrinos? What is MicroBooNE?

2. Why are particle ID methods away from the Bragg peak useful?
3. How can we use Z—i to create such a technique?

4,

5.

What are its results?
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What Are Neutrinos?
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What Are Neutrinos?

e Small (m < 2 eV /c?)!
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This is the combined mass of the three eigenstates of neutrinos


What Are Neutrinos?
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What Are Neutrinos?

e Small (m < 2 eV /c?)!

 Abundant!

* Fascinating!
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MicroBooNE

* Large liquid argon time projection chamber (LArTPC) experiment

* Previous experiment MiniBooNE found a significant excess of
neutrino interactions producing lower energy photons and/or electrons

* MicroBooNE’s goal: to probe the cause of this excess
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MicroBooNE Detector
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MicroBooNE Detector

Anode wire planes:
U vy

Liquid Argon TPC ) ,jf,;
AT

* Contains 90 tons of liquid argon Ty it
* Cathode has a potential of -100 kV

 Light produced from the interaction is
collected by PMTs and gives start time

Cathode
Plane

* Wire planes give y-z spatial resolution

* Time 10nized electrons take gives x

spatial resolution | Y,
’ (4]
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MicroBooNE Detector

Important question: how
do we 1dentify the
particles created 1n the
detector?
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PID at the Bragg Peak

* Relies on two important quantities:
1. Pattern of energy losses
2. Track of particle (especially end)
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PID at the Bragg Peak
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PID at the Bragg Peak

* Relies on two important quantities:

Proton

Pion
Muon

dE/dx (MeV/cm)

Pattern of energy losses
2. Track of particle (especially end)

Big problems! The particle would need
to come to a gradual stop 1n the
detector for the method to work!
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PID Away from the Bragg Peak

Proton (p = 0.3 GeV /c)

(~dE/dy) (MeV g—lem?)
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PID Away from the Bragg Peak

MIPs and HIPs have different

middle of their tracks!!!*

average energy losses even in the

*This still depends on the starting KE of the particles though
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PID Away from the Bragg Peak

MIPs and HIPs have different

middle of their tracks!!!*

Proton (p = 0.3 GeV /c)

average energy losses even in the

*This still depends on the starting KE of the particles though
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PID Away from the Bragg Peak

MIPs and HIPs have different

middle of their tracks!!!*

Proton (p = 0.3 GeV /c)

average energy losses even in the

*This still depends on the starting KE of the particles though
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PID Away from the Bragg Peak

MIPs and HIPs have different

middle of their tracks!!!*

Proton (p = 0.3 GeV /c)

average energy losses even in the

*This still depends on the starting KE of the particles though
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How does 1t work?

KANSAS STATE

UNIVERSITY



How does 1t work?

1. Take a track
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How does 1t work?

1. Take a track

2. Divide it in half and
take N points before
and after the halfway
point (N = 5)
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How does 1t work?

1. Take a track

2. Divide it in half and
take N points before
and after the halfway
point (N = 5)

3. Calculate the truncated
mean energy loss per

dE
length, <— d—x>T, of those

points
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How does 1t work?

1. Take a track

2. Divide it in half and
take N points before

and after the halfway
point (N = 5)

3. Calculate the truncated
mean energy loss per

dE
length, <— d—x>T, of those

points

dE
4. Compare <— E>T to
truncated mean energy loss

dE

X

of a MIP, <— —

),

using a y? test

Tmip
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How does 1t work?

1. Take a track

2. Divide it in half and
take N points before

and after the halfway
point (N = 5)

3. Calculate the truncated
mean energy loss per

dE
length, <— d—x>T, of those

points

dE
4. Compare <— E>T to
truncated mean energy loss

of a MIP, <— d—E> :

X
Tmip

using a y? test

y
XMmip =

() - (-2 Y

2
<width of <— fl—b;)T )
MIP
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How does 1t work?

1. Take a track

2. Divide it in half and
take N points before

and after the halfway
point (N = 5)

3. Calculate the truncated

dE
4. Compare <— E) to

T
mean energy loss per truncated mean energy loss
length, <— d—E> , of those of a MIP <— d—E>

x| r ’ x ’
: Tmip
points using a y? test

(B,

XMmip =

<width of <— fl—b;)T )

|

_ d—E> and the width of (— d—E>
dx T d

come

Xl

from a MIP Monte Carlo simulation
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Take a look at slide 34 to see the data that I used for   − 𝑑𝐸 𝑑𝑥   𝑇  and (width of   − 𝑑𝐸 𝑑𝑥   𝑇 )


How does 1t work?

1. Take a track

2. Divide it in half and
take N points before

and after the halfway
point (N = 5)

3. Calculate the truncated
mean energy loss per

dE
length, <— d—x>T, of those

points

dE
4. Compare <— E)

truncated mean energy loss

of a MIP, <— aE

X

using a y? test

Why compare to MIP data? There is excellent MIP
calibration throughout the detector [7]!

(o Y

AXMmip = . >
width of <— —> )
< dx Tmip

<— d—E> and the width of <— d—E> come
dx T dx T

from a MIP Monte Carlo simulation
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Algorithm results on MC-Truth simulation data with 800 muons

(p; = 400 MeV /c) and 800 protons (p; = 1.2 GeV/c)and @ = ¢ =0

Entries

X12v1 P Muon Efficiency | Proton Efficiency
Cut from Muon from Proton
Sample Sample
1 55.9% 99.7%
4 87.1% 97.8%
9 93.1% 91.9%
16 95.6% 74.2%
Xip < (Xinp Cut) - p
Ximp > (Xhpp Cut) —p
n (# of correctly identified particles)
ef ficiency =

KANSAS STATE

(total # of particles)

xﬁmp for Muons (pi = 400 MeV/c) and Protons (;oi = 1.2 GeV/c)

10

_‘
Entries 800
1 Mean 3.03

1| Std Dev 8.728

............................ 1

| P
Entries 714
Mean 29.67
Std Dev 20
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Initial momenta were chosen to create tracks of similar lengths for muons and protons
Why are there only 716 protons?  I put a cut on the amount of points that the simb::MCParticle data type had to have to be used as acceptable data (N>5)


Summary

* PID techniques away from the Bragg peak are useful!

. dE L
* The technique compares the truncated mean — of a particle in the

d
middle of 1its track to a MIP .
* It 1s effective for one test track with a length around 130 cm
* Future 1inquiry: how does the method behave at different track lengths?
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Definitions

* MIP: minimum 1onizing particle (practically speaking, u~ with p; = 400 MeV /c)

* HIP: highly ionizing particle (practically speaking, protons)

dE
dx

. <— —) - truncated mean from track data
T

[ ] — e
d
“I'Tm1p

. Width 0f<

: mean of Gaussian fit of MIP truncated mean distribution

dE

— E) . standard deviation of Gaussian fit of MIP truncated mean distribution
T
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Additionally, I used dunetpc v08_22_00 e17:prof, and I used prod_muminus_0.1-2.0GeV_isotropic_dune10kt_1x2x6.fcl and prod_p_0.1-2.0GeV_isotropic_dune10kt_1x2x6.fcl and editted the files accordingly to give me the desired initial conditions.
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The Gaussian fit gives    − 𝑑𝐸 𝑑𝑥   𝑇  𝑀𝐼𝑃 and width of    − 𝑑𝐸 𝑑𝑥   𝑇  𝑀𝐼𝑃 in the  𝜒 2  test
I also used dunetpc v08_22_00 e17:prof for all of my simulations


Misidentified Particles (%)
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Misidentified Particles versus xﬁl P ou for Muons and Protons (L = 130 cm)
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I am to be generating more of these types of plots in the future!
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