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Project motivation

To clarify the origin of the acceleration of ultra-high-energy cosmic rays (UHECRS) E 102 oV

Target E > 101°° eV, ultrahigh-energy cosmic rays, neutrino and gamma ray i
Next-generation of UHECR observatories: Low-cost fluorescence telescope array

Unified technology on both Earth hemispheres E~10"% eV
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Huge target volume = Fluorescence detector array
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FAST prototypes

3 telescopes at BRM, TA, Utah (installed 2016, 2017 and 2018)
2 telescopes (1 in operation) at LL, PAO, Argentina (installed 2019 and 2022)

Coverage: ca. 80% FoV of TA FD, ca. 1/% FoV of Auger FD

Synchronized operation with external trigger from the observatories

Remote control operation

FAST at Auger Observatory

FAST at Telescope Array
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- location at PAO

ini array

Towards the FAST m

stereo observation
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allows independent EAS reconstruction

Auger detector layout
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first phase - for testing purpose

more signal statistics event of lower energies

installing two new telescopes (in 2025)
distance ~10 km to FAST at Los Leones

with distance ~17 km
in total 6 FAST telescopes
focusing on E > 1019 eV

towards triangular array

second phase




FAST mini array - second-generation prototype

mirrors
9 — 4 segments
simplified production
hot slumping

new enclosure
easier maintenance and transport
fully autonomous
solar system, sensors, electronics incl.
water/moisture proof
thermally insulated

safety curtain for fail-safe




Signal search algorithm

Smoothing the waveform with a weighted moving average

value(bin)—mean(noise)

Calculating weighted signal ratio for each bin ratio, = {2 r st
where noise is a given range of bins before the selected bin

Waveform has a signal if max(ratio_ ) > 2 o

ADC counts/ 20 ns
= =
o [§,]

w
1

Using this search algorithm, we found

FAST@ Auger o)
197 coincidences (3 events with E > 101° eV)

FAST@TA
438 coincidences (10 events with £ > 10%° eV)
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Signal quality comparison of FAST in both hemispheres

External signal triggering at both TA and Auger

Relative maximum is defined as the size of the
entire signal relative to the background

lllustrated in terms of the impact factor (Rp) and
energy (E)

Good agreement in FAST telescope sensitivity
across both hemispheres (~ 15%)

median values | E< 108 eV | E> 1018 eV F\’p
FAST@TA 1.701 1.886 1.720
FAST@PAO 2.032 1.943 2.000
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Event reconstruction

Top-Down Approach ; frstouess P Zx ,,,,, e
— best-fit 4
Direct comparison of EAS detected by a telescope camera e . .
with EAS simulated using a full-event Monte Carlo simulation S St e s S S DL i i e v -
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Machine learning with FAST

Input layer
signal ch
4x3 inpu

Output laye

six outputs in total (X . E, ¢, 6, core x, core y)

aracterization: pulse height,
ts for each telescope
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Machine learning for FAST mini array
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FAST event examples - from Telescope Array

Reconstructed values from TA used as first guess for the FAST reconstruction
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FAST event examples - from Telescope Array

Reconstructed values from TA used as first guess for the FAST reconstruction
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Conclusion
FAST aims for low-cost detection at £ > 109° eV
Same technique on both Earth hemispheres

Exploring potential applications of neural networks

FAST future
stereo observation
iIndependent reconstruction capabilities

Thank you

This work was co-funded by the European Union and supported by the Czech Ministry
of Education, Youth and Sports (Project No. FORTE - CZ.02.01.01/00/22008/0004632)
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Si n gl e- p ixel Te I esco pes Fluorescence detector Array of Single-pixel Telescopes
Design : Simplified, low-cost, easily

i
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Application of the FAST prototypes

Fluorescence detector Array of Single-pixel Telescopes

+ Install the FAST prototypes at Auger and TA for a study of systematic F 7 T
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T. Fujii et al., Astropart.Phys., 74, pp64-72 (2016)



Data analysis of FAST@TA

Data

MC simulation
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Work: Fraser Bradfield

4+ Period: 2018/03/19 - 2023/02/25

+ Significant signal events with FAST in the TA

monocular reconstructed events

4+ Total 336 events (102 events above 1018 eV)

+ Expected distributions estimated from FAST
detector Monte Carlo (MC) simulation

+ Trigger condition: >2 PMTs with S/N>6

+ Data parameters are TA monocular
reconstructed results

+ Histogram of MC simulation was rescaled to
be the same area of the Data



First guess reconstruction with a FAST array

ray of Single-pixel Telescopes

+ Training data: Energy of 1 - 100 EeV, Xmax of 500 - 1200 g/cm?, uniform
+ Night sky background: 0=10 p.e./100 ns, based on field measurements at TA and Auger sites
+ Test data: Ximax distributions based on CORSIKA-Conex simulations

+4 species (P, He, N, Fe) with 3 interaction models (EPOS-LHC, QGSJetlI-04, Sibyll 2.3¢)
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FAST event examples - from Telescope Array

Reconstructed values from TA used as first guess for the FAST reconstruction

200 250 300 350

00 450
Time bin [100ns]

500 200 250

350 400 450 50C 200

Time bin [100ns]

0 450 200 & 500
Time bin [100ns] Time bin [100ns]

Example reconstruction (Event ID 2): Dotted line = first guess, Solid line = best fit

ID Event time TA FD Mono (Prelim.) FAST (Prelim.)
Energy (EeV) | Xmax(gem=2) | Energy (EeV) l Xmax(gem=2)

1 | 2019/10/25 04:23:52 6.31 793 3.67+0.19 728+27
2% | 2020/01/28 08:20:44 3.02 865 1.7+£0.3 816+49

3 | 2020/01/28 11:13:17 1.91 478 1.44+0.1 439+10

4 | 2022/11/25 09:24:16 1.66 646 1.54+0.13 384+13
5%% 1 2022/11/26 04:42:03 8.13 771 6.6+0.9 509+26

6 | 2023/02/17 05:13:36 1.55 561 1.29+0.16 533+19
7* | 2023/02/20 08:15:51 1.78 867 3.7+£0.6 375+30

Example of few reconstructed events, with pre-reconstructed values from TA as first guess
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