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CoMET: Introduction

ALTO: Particle detector array with 1242 detector units (water-Cherenkov and

scintillation detector).

CoMET: Extension to the ALTO array by adding atmospheric Cherenkov Light

Collectors (CLiC).
The CoMET R&D project is dedicated to

extragalactic gamma-ray sources (200 GeV - 100 TeV).

observing very-high-energy

CLiC

The key features of ALTO include,

Regular monitoring

Wide field-of-view

At high altitude (> 5 km)
Excellent timing accuracy
Modular design

Simple to construct

Long duration

Open Observatory

— Observations may be done 24h per day
— ~ 2 steradian

Atmospheric Cherenkov light
observations only available
during clear nights

— Low threshold E 2 200 GeV

— Improved angular resolution (~ 0.1° at few TeV)
— Phased construction and easy maintenance

— Minimize human intervention at high-altitude

— Should operate for 30 years

— Distribute data to the community

Smaller field-of-view of
CLiCs (~ 0.8 steradian)

Aim to further improve
angular resolution
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CoMET: Motivation

[1] EZKA 6019
(1998)

Accessing independent information (shower development):
e Extract X _ from atmospheric Cherenkov light information

e Better energy resolution and bias
e Improved gamma/hadron separation

Depth of shower
maximum

[3] arXiv:1911.08961 §

Better source localisation:
e Adding atmospheric

Cherenkov light signals to
particle signals

Better sensitivity:
e Energy range focus of COMET:
200 GeV - 100 TeV (soft-spectrum
sources)
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https://web.ikp.kit.edu/corsika/physics_description/corsika_phys.pdf
https://web.ikp.kit.edu/corsika/physics_description/corsika_phys.pdf
https://arxiv.org/pdf/1911.08961.pdf
https://indico.desy.de/event/27991/contributions/102127/
https://indico.desy.de/event/27991/contributions/102127/

CoMET array (ALTO + CLiC) °
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Multiple PMTs per CLiC
detector, smaller PMTs:
Increase sensitivity, reduce NSB
contamination, no amplifier

Combining two CLiC detectors:
Increase sensitivity and light
collection area
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http://dx.doi.org/10.1016/j.nima.2016.08.031

Atmospheric Cherenkov light simulations

CORSIKA atmospheric shower simulations:

e Gamma-rays simulated with power-law index I = 2 and zenith angle of 6 = 18°,
diffuse protons with I" = 2.7 and zenith angle of 6 = 15°

e Simulated energy range between 100 GeV and 100 TeV

-21°

+3° from

)

source position

CLiC detector response:
e  Cherenkov light transmission and CLiC detector
response simulations:

1. Cherenkov spectrum random wavelength —

2. Atmospheric transmission T

3. UVfitertransmission — 5020

4.  Winston Cone ray-tracing and reflection —<
efficiency e

5.  PMT quantum efficiency (Hamamatsu 2
R6233) ®

6. Conversion of p.e. waveform to signal

e  Summation of CLiC detector signals connected to

the same cluster

emitted Cherenkov photons at 4 km above array
photons after atm. absorption (67.23%)

photons after filter absorption (38.87%)
photo-electrons at cathode (7.84%)
photo-electrons with WC reflection at 0° (6.14%)

300 500 600

Wavelength (nm)

400

700
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COM ET reCOnStFUCtiOn Strategy Simulated event (CORSIKA, detector

response, p.e. to mV signal conversion)

ALTO reconstruction:
e  Core position reconstruction (x., y.)
e [nitial estimation of arrival direction (6

1D and 2D NKG fits: x_, y.

2 free parameters each

ALTO? ¢ALTO)

4 fitting loops l

CLiC reconstruction: ALTO 5 free parameters
e Fixed core and arrival direction from ALTO Y T Hyperbolic timing fit:
e  Shower maximum estimator extraction (p) 0 |
ALTO’ ¢ALTO
CoMET reconstruction: ot ¢
e Fixed core from ALTO ree parameters
e Arrival direction reconstruction (0, ¢) Lateral dist. function fit (LDF):
3 pR’ Npe
% CLiC
% reconstruction
‘7&% Parabolic timing fit:
S ‘ % dOH
%s‘;% 2 free parameters
el
s _____ ;ja;o“c front CoMET Combined (hyperbolic +
e T reconstruction parabolic) timing fit: 0, ¢
""" L A Sy S 7 free parameters
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Preliminary SEMLA results for COMET

[5] arXiv:2105.06728

Analysis performed with the SEMLA [5] procedure:
e Adding CLIiC observables into the machine learning structure of SEMLA:
o  Stage B (cutting badly reconstructed events): Parabolic fit szarab’
o  Stage C (gamma/hadron separation): p, LDF value at 60 m p,,
o  Stage D (energy reconstruction): p,,, number of detected photo-electrons Npe
e Improvement seen in all stages of SEMLA: 10% (angular resolution), 30% at 1 TeV (energy resolution), 12% less
background, loss of only 1% of gamma-rays

LDF slope pg
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https://arxiv.org/pdf/2105.06728.pdf

Prototype at Linnaeus Unlver3|ty

e 4 PMT CLIiC pre-prototype,
September 2020

e 1 PMT mini-HISCORE (4 detectors),
2020 - 2021

e 8 PMT CLIiC detector prototype,
installation in Summer 2021

Atmospheric Cherenkov light prototypes:

Prototype at LnU
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I CLiC pre-prototype amplitude

Protot t Li Uni it ncider
rO O ype a I n n ae U S n |Ve rSI y coincidence |~p. A 20mY
with particles I
A<-30mV
First measurements with CLiC pre-prototype (23. and 24. Sep 2020): i |
. . . 15001 Low amplitude
e  Signals correlated with water-Cherenkov particle detectors signals polluted
e Improved gain and lower noise (compared to mini-HISCORE) — J\ by NSB
e Closed vs. open lid measurements show particles passing through the filter ’
and PMT glass (high sensitivity) s
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Conclusions

e COoMET dedicated to soft-spectrum sources, and sensitive in the energy range
200 GeV - 100 TeV
e Key idea: during darkness couple atmospheric Cherenkov light signals to particle detector
signals from atmospheric showers for a better gamma/hadron separation and a better source
localisation
e Confirmation of the hypothesis (preliminary results):
o Adding four new CLiC observables improved all stages of the SEMLA analysis
o Improvement to angular resolution, energy reconstruction and background suppression
o Clear improvement at [600 GeV, 6 TeV]
e Prototype activities:
o New CLIiC design has good sensitivity and reduced night sky background (NSB)
o Full CLiC detector prototype measurements to follow in Autumn-Winter 2021-2022

Thank you for your attention
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