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Goals of DUNE:

e Neutrino oscillations
* Proton decay
SN neutrinos

Why liquid argon TPC?
« High density: increases
probability of particle interaction

« Noble gas: free electrons are free
to drift in the chamber without
being absorbed

« Arscintillation light has also
triggering and timing purpose

» Abundant and inexpensive

High-resolution 3D tracking and
energy measurements



https://www.lanl.gov/media/news/0520-neutrino-trap
https://www.lanl.gov/media/news/0520-neutrino-trap
https://arxiv.org/abs/2002.02967
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The general operating principle of the SP LArTPC [5].

| am working on the Trigger Group at
PDHD detector.

Right now, | am solely focusing on the
collection plane, but time permitting would
love to work on induction planes too

256 channels per APA
Final ADC waveform
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Online trigger Offline trigger Cosmics will the leading high-energy background
in the far detector
GOAL: reduces stored GOAL: Final physical 1
data volume! results s of .
Focus on likely physical Lower thresholds, full Goals of my project:
S|Igna! with minimal flltgrlng., hit finding ahd +  Compare simulated cosmic TPs to real
cleaning calibration for weak signals data from PDHD
* Study and quantify how TP properties vary
|dentifying a signal on each wire with track angle
above electronic noise threshold.

l The outcome of this study will eventually be used
. - for BKG rejection in the real Online Trigger
Trigger Primitives

CAVEAT: TP properties are influenced by

Saved information: timestamp, detect : o
etector systematics!

channel hit, charge,
time-over-threshold
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Data inspection: simulations \’) D\J(\E

Signal shape depends on track topology and direction

Y Plane
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CHANNEL LIKE
Short TOT,
low energy deposit

0 Radiological backgrounds:
High rate internal 0.1-0.5 MeV blips from Ar-39, Kr-85

Impose quality cuts

APA4 Before Cleaning APA4 After Cleaning
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Cosmic data selection
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_ Tracks and angles

Y DUMVE

Linear Regression: A supervised ML
technique that finds the best-fit
straight line through the data inside
our clusters

Challenges:
* Random noise
« Cluster fragmentations
ambiguities
* Instability to small parameter
perturbations

Future steps
Robustness test with more statistics!
Optimize the hyperparameter search
* Include induction planes?
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Data selection in
ProtoDUNE LArTPC data

For questions, insights, or
brownie recipes, please contact:
L.favaro@studenti.unipi.it

THANK YOU FOR YOUR ATTENTION

Special thanks to my supervisor Klaudia
Wawroska and the amazing EP-NU
Summies group!
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https://arxiv.org/abs/2002.03005
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https://indico.cern.ch/event/1460367/contributions/6239636/attachments/3001252/5288907/ProtoDUNEs-CT.pdf

J P N {}? ’
) (9 1] 4 LAFTPC VW U\
Sense Wires . . . . . .
UV X vieplnevaveforns Single Phase Liquid Argon Time Projection Chamber
Liquid Argon TPC —
it (LArTPC) Module
i A
M '
anignnih * APA Structure: Each Anode Plane Assembly (APA) each
i - - :
= e with 3 active wire layers (U, V, X)
o | Al ) )
Cathode AT » Signal Collection:
Plane e | Bt gnuidig 0
2;;‘;57;_:;;@3’;21:: « U &V layers: Transparent to drifting electrons,
50 W e i i i I
. \ \ e — produce bipolar induction signals
¢ fanii ity ee :‘ - - -
&8 , 7 fjﬁﬁ’;if—;// f « Xlayer: Collects electrons, gives unipolar signal
& Wrnniinnnise
‘ foriiyaat o . .
gﬁ;j?i;g;’«/ * lonization patterns on wires reconstruct 2 coordinates
/LT A . . . .
‘o ’;’{f perpendicular to drift direction

-l . « Time of signal reconstructs the 3rd coordinate

X wire plane waveforms
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signal with minimal filtering, hit finding and / a

cleaning

calibration for weak signals

Identifying a signal on each wire

above electronic noise threshold.

Saved information: timestamp,

channel hit, charge, time-over-
threshold

|

Trigger Primitives

Raw waveform B -dn.ﬂ,,‘osM s

X, x, drift position

v, wire number

w, wire number

Event imaging in a 3D and 3 different 2D projections [2]

Down-selection of
event records

TPs Candidates

LE and HE activit
Hits on channels Clusters of hits Y

Event record
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Beam
Geant4 Simulation
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General Specific
LArSOFT +  petector _, Detector
Geant4 Simulation Simulation
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