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Fluorescence detector Array of Single-pixel Telescopes

+ Target : > 10195 eV, ultrahigh-energy cosmic rays, neutrino and gamma rays

+ Huge target volume = Fluorescence detector array

Fine pixelated camera Too expensive to cover a huge area
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rrAy Scientific goals and characteristics with FAST
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T + To clarity origins and natures of UHECRs

' e '
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2 . leens, | i - + Directional anisotropy on spectrum and composition
W cnet with 10x (Auger or TAx4) exposure
N'g 10 |- * } E
O 5 . 4+ Pros
¢ : :
g - + - + Calorimetric energy determination
Lj | —=— TAICRC 2019 |
2 | T* AugerPRD2020 ¢ _ + Mass-composition sensitivity using Xmax
= —— FAST 1 yr (95%CL)
N FAST 10 yr (95%CL) : + Less dependent on hadronic interaction models
0B v vt e b s L
185 19 195 20 205 21 215 4
log(EeV)) Cons
. 0
Dipole as "standard candle" Xmax at highest + Low duty cycle, 10 - 20%
4% Many calibration components(PMT gains, Optics,
; sz atmospheric parameters, telescope direction)

1+ Understanding directional exposure

TR + Calibration source: large-scale dipole anisotropy
O o 100 8 1200
X5 (e + Stand-alone operation required 4

T. Fuijii et al., PoS (ICRC2021) 402


https://pos.sissa.it/395/402/pdf
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P. Privitera in UHECR 2012
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T. Fuju et al., Astropartlcle Physms 74 (2016) 64 72

M. Malacari et al., Astroparticle Physics 119 (2020) 102430

D. Mandat et al., JINST 12, T07001 (2017)


https://www.sciencedirect.com/science/article/abs/pii/S0927650515001462
https://www.sciencedirect.com/science/article/abs/pii/S0927650520300037?via=ihub
https://iopscience.iop.org/article/10.1088/1748-0221/12/07/T07001
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Fluorescence detector Array of Single-pixel Telescopes

FAST@TA observations

+ Remote controlling observation

+ Synchronized operation with
external triggers from
Telescope Array fluorescence

detector (TA FD)

+80% FoV of TA FD

TA FD FoV (12 telescopes, 35°x108°)
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£2°"  Atmospheric monitoring systems with FAST

™ i Al A
g g g g

Fluorescence detector Array of Single-pixel Telescopes

Automated all-sky camera

236 CLF shots from 2018/05/08 07:59:37.883642000
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https://iopscience.iop.org/article/10.1088/1748-0221/15/10/T10009

FrAS Cherenkov dominated event
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i’luorescenceﬁztecto?An‘av of Single-pixel Telescopes
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rras | Reconstructing UHECRs with FAST@TA

Fluorescence detect(n Art ‘ay of Single-pixel Telescopes

4+ Data period: 2018/Mar/19 - 2019/0ct/14, 225 hours
+ Event number: 964 (TA FD) -> 179 (Single-hit with FAST, S/N > 66, At > 500 ns) -> 59 (Multi-hit)

+ The shower parameters are reconstructed by TA FD monocular result
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+ Use top-down reconstruction for events with multi-hit PMTs above 1 EeV

+ First-guess geometry given from the TA FD 10



FrEAD First guess reconstruction with a FAST array

Fluorescence detector Array of Single-pixel Telescopes

+ Training data: Energy of 1 - 100 EeV, Xiax of 500 - 1200 g/cm?2, uniform Worl: Justin Albury
+ Night sky background: 6=10 p.e./100 ns, based on field measurements at TA and Auger sites
+ Test data: Xnax 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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log(E™° (eV)) 11
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Fluorescence detect(n Art ‘ay of Single-pixel Telescopes

Reconstructed X,,.x distributions
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Fluorescence detector Array of Single-pixel Telescopes

FAST-2 ‘ Distant laser at 26 km
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https://youtu.be/ceN-IsaWcXg
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Fluorescence detector Array of Single-pixel Telescopes

= - New PMT being developed to reduce non-uniformity

PMT R14633
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Work: Hiromu Nagasawa
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luorescence detector Array of Single-pixel Telescopes

rr4s Summary and future plan

+ Fluorescence detector Array of Single-pixel Telescopes FAST@TA
(FAST)

+ Low-cost fluorescence telescope array

4+ Promising concept as next-generation cosmic ray
observatory to fulfill requirements

+ Anisotropy with mass composition sensitivity

4 Performance estimation

+ Arrival direction: 4.2 deg, Core: 4656 m o
+ Energy: 8%, Xmax: 30 g/cm? (A InA ~ 1) N; o
3 ¢
= :
+ Latest results at both northern and southern hemisphere Y, i
O _
+ Identical telescopes installed at Auger and TA for cross IS e TAICRC 2019 *
Calibr ation /X\ —e— Auger PRD 2020 ¢
g/ | == FAST I yr (95%CL)
+ Next step and challenges N FAST 10 yr (95%CL)
| [0l =T I I

+ Stand-alone operation of FAST array in held LS 1?(;5g " é%)) 205 21 215

https://www.fast-project.org 16
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New electronics development
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Calibration using Robot arm
(0.2 mm accuracy)
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nstallation of the FAST prototype

luorescence detector Array of Single-pixel Telescopes
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Ay Neural network first guess reconstruction

Work: Justin Albury. PhD thesis (2021)I

é 250 I, o .
= E N e + Top-down reconstruction (Inverse Monte Carlo)
= F | — Simulation
E + Use all available information from individual pixel
TEO traces
50:— |' ||
- jl l'-4 110 P ol P T SO nly 0o 0 J% [ mimh * °
’l”l"'“ - '“'"'T'LI"'L"'fL'F'l'r'H' AT + Computatlonally expensive
o B0 00 180 200
Time bin [100 ns] .
+ Need a reliable first-guess geometry
Inputs

3 feature per PMT with S/N > 56 4 Neural network first guess reconstruction

+ 3 input per PMT: total signal, centroid time and
pulse hight

+ Kares/Tensorflow in Python, two hidden layers

iInput layer )
hidden layer 1 hidden layer 2 + 6 Outp uts: XmaX’ cenergy, geometry (‘9’ P, X, Y )
Outputs

Energy, Xmax, geometry(f ¢, x, y) 4+ Very prompt reconstruction 0o
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https://www.sciencedirect.com/science/article/abs/pii/S0920563204006723?via=ihub
https://iopscience.iop.org/article/10.1088/0954-3899/29/10/201
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https://pos.sissa.it/395/402/pdf
https://arxiv.org/abs/2205.05845
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