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Exploring the Unknown:
Motivation for ProtoDUNE BSM Search for Heavy Neutral Leptons

N

[ Why BSM searches?

The Standard Model does not account for phenomena such as dark
matter, neutrino masses, and the matter-antimatter asymmetry.

N

[ Heavy neutral leptons

Proposed particles which are neutral & heavier than light neutrinos.

% Why search for HNL?

Explanation for neutrino flavor oscillations and non-zero neutrino
masses (first observed in Super-Kamiokande, Japan & Sudbury
Neutrino Observatory, Canada) .
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A brief introduction to HNL!

HNL Production HNL decays

N—yv, N-—ovyy,

Neutrino production HNL production

+ + — —_
“ H N —e e’ N—re*uiv,@u ur,
K* K*
y |U#4|2 F + 0
‘ N N—oe'm, ) N — 1
Where U,4 is mixing matrix: represents Process: Tracking & reconstruction of these
coupling between SM neutrinos and HNL. charged particles!

Ref: https://pure.manchester.ac.uk/ws/portalfiles/portal/156332868/
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Detection: Liquid Argon Time Projection Chamber (LArTPC)

Run 28021, Trigger 18160, APA3 Plane 0
Trigger Type (CTBBeamChkvHxLx), 2024-07-16 16:44:44+02:00 (CERN)
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Event Display. Source: shared by Ciaran.
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ye@ ©
@) @)
@) These charged Free electrons drift ‘hit’: Trigger

particles ionize Electric field towards anode Primitive
Argon plane assemblies information.

HNL decays to
charged particles
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5.

My Works at CERN:

Attended summer student lectures.

Attended workshops of ROOT, Cloud chamber detector and Semiconductor
detectors.

Visits to ProtoDUNE, Synchrocyclotron, Antimatter factory, SPS beam test
center.

Summer Project: ProtoDUNE BSM searches

Decided to continue the project as my Master’s thesis.

Signal simulations of Heavy neutral leptons, of different masses and different decays (LArSoft & HTC).
Obtained plots for different decays and masses of HNL for momentum, energy, track length (PYROOT).
Developed scripts to run jobs in cluster using HTC.

Trigger emulation from simulated data.

Plotted ADC integral sum versus energy, event by event, to understand the correlation between them.

Plots for efficiency versus cut values for HNL events, to compare it with that of neutrino and cosmic
events, to get an optimum threshold value for trigger.
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CERN

\
N/

Signal Simulations

 Simulations of Heavy Neutral Lepton signals for masses: 601 MeV, 1003 MeV, 1405
MeV and decays: HNL — u* +u~ and HNL —» ©* + u~ using LArSoft.

 Developed scripts for job submissions in HT Condor.



Steps

Given: a set of simulated
signals of different decays
and masses

Geant4 detector
simulation and
reconstruction using lar
commands.

Skills:

LArSoft, HTCondor, PyROOT, CPP

Generated 1000 HNL
events for each using

LArSoft and HTC job
submissions.

https://github.com/CiaranH1997/ProtoDUNE_BSM_ LArSoft.git

Modified the analyser
module to get the plots of

track lengths of exiting and
contained particles.

Got root files containing
histograms. Using

PyROOT, plotted different
parameters.

Used LArSoft modules
and .fcl files for simulating
Geant4 particle
propagation.
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Plots for decays of different
HNL Masses

HNL -» u*+u and HNL -» ¥+ u~
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1003 MeV
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1405 MeV
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Observations

« Higher the mass, the mean values of momentum

and energy increased.

« HNL - u*t+pu~ decay has lower mean
compared to HNL —» nt + u~ decay for all the
plots (Px, Py, Pz, Energy)
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Comparison for different
masses
601 MeV, 1003 MeV, 1405 MeV
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Ref: Salvador Urrea

The energy Efint in the lab frame is then computed as, where thetay is the
angle of the HNL with respect the direction of the parent D meson in the rest
frame:

ERAP = 10/ PHRL2 + mie, + Y0BDPHRL cos(6o)

We calculate E57 for different values of mpuny, by averaging over 10,000
throws of cos(fy) ranging from -1 to 1. The values of mynr considered are
0.601 GeV, 1.003 GeV, and 1.405 GeV. We show EHAP in Fig.2, as we can see
the boost is stronger as the mass increases. This increase is the responsible for
having a larger p. for larger masses as we show in Fig.1

HNL energy as a function of D meson energy for Different HNL masses values in the Lab frame of reference

1209 — mass = 0.601 GeV
= mass = 1.003 GeV
= mass = 1,405 Gev

100 4

60 4
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20 1
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Figure 2: E{iﬁ'ﬁ as a function of pp for different myny, values
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P

HNL — 1t + u~
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Muon

HNL — 1t + u~
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Observations

e The mean values increased as mass increased,
for both the decays.

* The plots were made for pion and muon
individually for HNL - ©* + u~ decay. The same

trend was followed.
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Track length plot for
different masses
601 MeV, 1003 MeV, 1405 MeV
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Observations

* The track length of muon is greater than
that of pion, as expected.

* Track length of muon shows a bump at
15 -20m because most of the muons are
exiting particles.
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CERN

Trigger

Trigger emulation from signal simulated data & search for an optimum threshold value for trigger.



Why Trigger?

Challenge:

ProtoDUNE experiences a
high flux of cosmic particles.

Objective:

Ensure that the most
relevant and high-energy
particle interactions are
detected while minimizing

noise from less interesting,
low-energy cosmic events.

What do we do?

Set thresholds to trigger
data collection for events with
energy above a certain level.
For this, we are in search of a
threshold value by comparing
the efficiencies of signals and

background in different cut

values to get an optimum
value for threshold.

ciE/RW Parshathi S Mohan | Summer Project

N




Steps

/— Plot of ADC integral sum
values versus the energy

values from the truth event

* From detector simulated root by event.  To compare with cosmic and
‘ g integrals for each event.
run_tpalg_taalg_tcalg.fcl file. J threshold, to facilitate real-time
» Analyzed using - Total energy is the sum of the triggering.
run_offlineTriggerTPCInfoDisp ene(glles ofbthe_z dféufghterh
lay.fcI”_configuration file. particles, obtained from the
Monte Carlo simulations. _ _
Plot of efficiencies
Generated trigger . ToI get aEcaIibratiog Ki[():tcor that versus cut values of
: - relates Energy an ADC integral sum.
Information. integral sum value. J

github.com/wesketchum/dunetrigger.qit \ /
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Trigger primitive information:

Analog-to-Digital Converter (ADC) integral : integral of all the digitized signals collected at

the wire during a hit. The integral of this ADC signal corresponds to the total charge collected by
the detector element.

ADC peak : maximum value of the signal from the ADC.

Channel ID : specific detector channel that recorded the signal.

Start time : timestamp indicating when the signal first rises above a certain threshold. This
marks the beginning of the detected interaction.

Time peak : time at which the ADC signal reaches its maximum value.
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ADC Integral sum & Total energy versus events
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ADC Integral sum versus total energy

Energy Sum

ADC Integral Sum vs Energy Sum
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ADC integral sum versus enerqy of pion & muon (HNL - wt +u~)

ADC Integral Sum vs E_Mu ADC Integral Sum vs E_Pi
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Observation: Muon is MIP! Bunched up in the lower ADC integral sum values ...
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Efficiency versus cut values (sum of ADC inteqgral

Efficiency vs Cut Value

0.7

Efficiency

0.6

0.5

0.4

0.3

0.2

0.1

0.75

Efficiency

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

x10° 0.3

| | | |
1000 2000 3000
Cut Value (sum of ADC integrals in each event in ADC units)

4000

L b
5000

601 MeV

HNL - u*+pu~
Events with TPs: 334

Efficiency =

Efficiency vs Cut Value

| | | | | | | | | | | | | | | | | | | |
1000 2000 3000 4000 5000
Cut Value (sum of ADC integrals in each event in ADC units)
601 MeV

HNL - nt +pu~
Events with TPs: 842

No.of events above the cut value

Initial number of events

CE/RW
\

Parshathi S Mohan | Summer Project

31




GOALS FOR FUTURE “\"

=
> Generation of trigger primitive information for different decays and masses
for an accurate comparison and analysis. This will allow us to perform an
online trigger, by giving a threshold for ADC. In Progress
» Comparison with cosmic events and neutrino events in parallel to obtain an

optimum cut value for ADC integral sum. -
Reconstruction with simulated signals a

Y VYV

Real data reconstruction : to get vertex position, momentum, energy, track
length, as in simulations. —  Master’s Project
» Comparison of reconstructed variables with the simulated events.
» Hopefully getting some confirmations of neutrinos in ProtoDUNE.

@@)
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THANK YOU...
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Track length plots
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