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Introduction

* | joined University of Pisa, INFN Pisa in April 2021
for my PhD research under the Grant Agreement
n0.858199 of the European Union Horizon 2020
Programme, Marie Sktodowska-Curie Actions
(MSCA), Innovative Training Networks as a part of
the INTENSE project.

* [ work on the Mu2e experiment. It will look for the
charged lepton flavour violating process of
neutrinoless muon to electron conversion in the field
of an aluminium nucleus.

* My doctoral thesis is entitled “A data-driven method
to estimate the antiproton background in Mu2e”.

* [ joined the ICARUS experiment in September 2022.
[ am studying the track splitting and stitching
efficiency at the cathode using CRT-PMT match.

* | plan to submit my thesis by March 2025 and
further continue as a Post-doc at the University of
Pisa, working on the ICARUS experiment.




PhD research

 In Mu2e, developed the event display; worked on
track reco algorithms; installation of electronics on
the straw tracker panels (one of the main Mu2e
detectors).

* One of the backgrounds in MuZ2e is antiprotons
annihilating in the stopping target to produce signal-
like electron.

» Not a dominant background but 100% systematic
uncertainty due to the uncertainty in the p
production cross section for the Mu2e proton beam
energy.

» We have developed a novel way to reconstruct
multi-track events (a unique signature of p
annihilation) and estimate the p background in-situ.

* This work was presented in various conferences
like ICHEP 2024, Pisa Meeting on Advanced
Detectors, International Workshop on Tau Lepton
Physics, SIF, APS April Meeting, ACAT etc.
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() Main window of the online event display

(b) Zoomed-in view of the DS

Figure 2: This example display is a simulated event of pp annihilation occurring at the ST,
generating pions (shown in magenta). The reconstructed track (shown in black) and the hits
made by the particles in the tracker are displayed as well. The right pancl shows the XY, YZ
views of the tracker and the calorimeter disks,

The top bar contains some of the essential GUI attributes like buttons to navigate between
events, to access different projection views in separate browser tabs, to save an event and to
print relevant, physics information about the event and a text-entry based feature to navigate to
any event. These features can be customized and developed according to the necds of the users.
For instance, the “PrintBventInfo” button was customized to print physics analysis relevant
information like the track and helix parameters, hit coordinates etc.

(1) CE event without pile-up

(b) CE event with pile-up.
Figure 3: 3-D, 2-D XY and YZ views of a simulated CE event. The MC true and reconstructed

trajectories are shown in red and black respectively. The hits used in the reconstruction of the
track are highlighted in green

This particular event displayed in Fig.2 is a simulated event of pp annihilation occurring at the

Nuclear nstruments and Methods n Physics Research A 1069 (2024) 169937

Contents lists available at ScienceDirect
Nuclear Inst. and Methods in Physics Research, A

journal homepage: wwwslsevier.com/locate/nima

IL NUOVO CIMENTO 47 C (2024) 281
DOI 10,1393 /nce/i2024-24281-x

ComMmUNICATIONS: SIF Congress 2023
A data-driven method to constrain the p background in Mu2e

*), S. Donati(*) and P. Muratr(?)

amitha Chithirasreemadam ** @, Simone Donati *"(
u2e Collaboration

Unverss di i, Larg 5. Pomcorve, 3, 156127, i, iy

I wecors, 3, 158127, P, Ty

ratory, Batvi, I U Sats of Arerica

[Multi-track event reconstruction to constrain the p background in Mu2e
’, Pavel Murat*, on behalf of the

E

RTICLE INFO ABSTRACT

—
[miproto sockrona Oneof

3 7 ¢ in the ild of 20 Al much

kvt cnsrcion

-5, Although

o 5 omina backgzound, It b » g uncenaity nd conn b suppmed B o i s s 10
reduce the prompt background. However, at Mule energies, 77 ansibilation i the only
Jipl

source o events with

a novel way to reconstruct muli-tack events and estimate the 5 background.

1. mtroduction

‘The Mu2e experiment will search for the Charged Lepton Flavour

iolating process of coherent, neutrinoless - — ¢

lthe field of an atomie nucleus. For Al targer, the expected signal Is a
view of

xperiment s given in Fig. 1. MuZe will use an 8 GeV pulsed proton
d

(25), and produces pions which decay to muons. The curved 5 of the S
haped Transport Solenoid (TS) causes the oppostely charged particles
o drif vertically in opposite directons. A rotaing collimator is used
o selc e '/ beam. The monscer he Dt Soenoid (05)
o sto i he Al scppng T (51 The i e

a

2. Antiproton background in Muze

o

target. They can pass through the TS, unaffected by the center colli-
‘mator and reach the ST. p absorbers are present at the entrance and

er of the TS. pp annihilation at the ST can produce ¢°s via x° — 77
demy; followed by 7 conversions, and 7~ — u~¥ decays followed by
= decay. js are much slower than the other beam particles so they
cannot be efficiently suppressed by a time windo cut. The estimated
for Run 1, in the optimized signal momentum and time
window, 10360 < MeV/c and 640 < T, < 1650 ns, is
001 = 0.003(star) + 0010(sys1) events [1]. The large systematic error
is dominated by the uncerainty on the 7 production cross section
for Mude beam enegy in the selevant anga rgion Howeves, 77

. located.
oy DS, in a uniform 5 of 1 T. A Cosmic Ray Veto (CRV) system
urrounds the DS to identify the cosmic ray background evens.

o1
L3 collmator center -axs poias upwards, =axs s paralel 0 DS axis nd pois
Jeownsteam.

address:_pamithac@piinfo.i (V. Chithirasreemads

particle. From the Geants simularon, only o 0.25% of the i
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3. Mu2e event reconstruction

The Mu2e event reconstruction s optimized for single ¢~ track
events. From MC studies, about 90% of the hits in an event are from
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Summary. — The Mu2e experiment will search for the charged lepton flavour
violating process of neutrinoless coherent muon to electron conversion in the field of
an Al nucleus. The expected signal is a 104.97 MeV/c clectron. One of the expected
backgrounds is due to fs produced by the proton beam at the Production Target
ihilating in the Stopping Target (ST). The background from p anniilation
i not a dominant one, but it has a large uncertainty and it cannot be suppressed by
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1. - Introduction

The MuZe experiment will search for coherent, neutrinoless conversion of muon to
electron in the presence of an atomic nucleus, an evidence for Charged Lepton Flavour
Violation, by measuring the ratio Rc

1 7 D(u~ +N(4,2) = e~ + N(4,2))
® “ = T(u~ + N(A, Z) » v+ N(4,Z - 1))

For an Al Stopping Target (ST), the expected signal is a monochromatic ~104.97 MeV /c
electron [1]. The main backgrounds to this search are cosmic muons interacting or
decaying within the detector, decays in orbit of muons stopped in the ST, radiative
capture of stopped pions (RPC), and p annihilation in the ST. A schematic view of the
experiment s given in fig. 1. Mu2e will use an 8 GeV pulsed proton beam which interacts
with a tungsten production target in the Production Solenoid (PS), and produces pions
which decay to muons. These particles drift towards the S-shaped Transport Solenoid
(TS). The curved magnetic field of the TS causes the oppositely charged particles to
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Track Splitting in ICARUS (SENSE Secondments)
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Future

» Submit the thesis by March 2025.

 Continue working on neutrino physics as part of the ICARUS collaboration.

* Be present at Fermilab for hands-on work on the ICARUS detector and
perform relevant analyses.
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