W QueenMary @)

Iversity of Lond
University of London RO A

Users Executive Meeting - New roles and
responsibilities

Prabhjot Singh
28 Nov 2023



Calibration of the NOvA Detectors

Prabhjot Singh, Brajesh C. Choudhary (University of Delhi, India)

Brian J. Rebel (Fermilab, USA) v

On behalf of the NOvA Collaboration ANVOVvA
(Under India-Fermilab Neutrino Collaboration)
. . . Abstract . . . .
The NuMI Off-axis Neutrino Experiment (NOvA) is a two-detector, long-baseline neutrino oscillation experiment designed to study v, (v,) and v, (v,) ceina
v, (7,) beam produced at Fermilab. The near detector (ND) is located underground at Fermilab and a functionally identical far detector (FD) is located 810 km away in Ash River,
MN. Both detectors should be well calibrated so that the energy i in the detectors can be in physically i units. In this poster we describe the
methodology of performing calibration in the NOvA detectors.
e NOvA Experiment N\ Cosmic Ray Muons
» Introduction > Cosmic ray muons are used to calibrate the detectors
= NOvA s an accelerator based neutrino oscillation experiment using the NuMI (Neutrinos at Main Injector) > They present a source of consistent energy deposition across the detector
beam > Stopping cosmic ray muons are crucial for calibration because they are minimally
*  Itis designed to study v, (7,) —— v, (7,) oscillations ionizing
» Aim » The cosmic data window is 550 ps long while
= Determine the ordering of neutrino masses the neutrino beam spills last only for 10
= Search for CP violation in the neutrino sector microseconds
= Make precise measurements of neutrino mixing parameters » The measured incoming cosmic ray muon
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> The first step of the calibration accounts for the attenuation in 2. Drift Calibration > This step of the chain takes the detector response fi
the light signal coming from the end of a cell opposite the Tis sten of the calibration corrects for the changes  drift calibration and gives the best estimate of true energy
_ readout § happening in the detector response over time deposited in the cell in units of GeV'
» The inputs for the attenuation calibration are cosmic muon hits . The grit calibration also accounts for APD gain change, > Use hits between 100 — 200 cm from the end of track. Within
with pathlength < 10 cm and number of photoelectrons (PE) variation of temperature, aging of the scintilator and  this track window the detector response is almost uniform.
> The number of PE is determined from the number of ADC  geoo 00 % SEPRE
i
_ counts and the gain of the APDs ) > The mean dE/dx of cosmic muons in each APD is e 0
> The number of PE over pathlengih in cm on reconstructed oo BRS0 SR O B S e came 5
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Acceptance Study / Timing Calibration \
> Cosmic ray muons sse different amount of detector based ; " » The NuMI beam is pulsed and delivers a 10 microseconds spill of neutrinos every

ray mu 1.3 seconds
_ on their incoming direction defined as projected area . “ > NOvA's FD & ND clocks must be precisely synchronized both within the detector and
> The projected area for FD is shown as a function of the |

; externally with the neutrino beam clock

zenith 6 and azimuth ¢ angles o > To precisely synchronize the time stamp counter to NOVA time, the timing signal

» Acceptance = Projected area X Bfficlency X Solid Angle 1 ) propagation delays between each component of timing system must be calibrated

> The NOVA datectors have different acceptance for cosmic & L > After a cosmic track is selected, the relative time differences (offsets) between hits in
ray muons with different incoming directions in 0 and ¢ Afer 2 cosmic rack s selec

» The NOVA. FD's acceptance is shown as a function of cos0 1 > If synchronization is performed properly then all the absolute offsets should come out to
and ¢ angles for "Through-going” and “Stopping muons’ i Ifsy

» Acceptance = 3.63 x 107 cm?sr ("Through-going muons) s s s s s s o NovA rotmiary NOwA Prtminry

=1.08 x 10"cm?sr (“Stopping” muons)

L.

v ) ) ' ) / [ 48" Fermilab Users Meeting, June 10-11, 2015 prabhio:@fnal.gov]
Acceptance: Acsoptanca Stopping muons

Projected area of the FD.

Deputy chair position for Users Meeting Subcommittee

Prabhjot Singh, postdoc at Queen Mary University of London, works on the NOVA and
DUNE experiments

Based at Fermilab

First came to Fermilab in 2014 as a Ph.D. student as part of the Fermliab-India
ollaboration which has produced many PhDs and postdocs

| have recently completed my Run Coordinator responsibilities for NOvVA
Currently | am working on neutrino Cross-section analysis

Attended my first User’s Meeting in June 2015 and since then | have regularly presented
iIn many Users Meeting

| find the Users meeting organized by the UEC marvelous. These meetings give PhDs
and postdocs great opportunities to present their scientific work in very safe
environment

| would be more than happy if | get the opportunity to serve as deputy chair for the Users Meeting
Subcommittee so that | can learn from the chair as much as possible this year to better serve next

year

O Queen Mary

University of London

Prabhjc 28 Nov 2023




