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Ultra-high-energy cosmic ray Optical
(UHECR) sky

'"Ankle" energies (Fauger>8.86 EeV, ETa>10 EeV)

Galactic Coordinates

GAIA Collaboration
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— Extragalactic cosmic rays

J. Biteau, TF et al., EPJ Web of Conferences 210, 01005 (2019)
A. di Matteo, TF et al., PoS ICRC2019 (2020) 439, using a different color contour

NASA/DOE/Fermi Collaboration



UHECR sky above cutoft

"Cutoft" energies (Fauger>40 EeV: 842 events in 13.3 yr, F1a>52.3 EeV: 127 events in 9 yr)
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J. Biteau, TF et al., EPJ Web of Conferences 210, 01005 (2019)
A. di Matteo, TF et al., PoS ICRC2019 (2020) 439, using a different color contour

o Intriguing intermediate anisotropies: Active galactic nuclei, Starburst galaxies
e No excess from the Virgo cluster, Virgo scandal
o Challenges to mass composition and galactic/extragalactic magnetic fields

— Need more statistic with mass composition sensitivity to identity UHECR sources


https://www.epj-conferences.org/articles/epjconf/abs/2019/15/epjconf_uhecr18_01005/epjconf_uhecr18_01005.html
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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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~ Field measurements to validate the FAST concept

m:;ﬁ%% of Single-pixel Telescopes
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conceptual design for a S

Feb. 2012 large ground array of 5

Fluorescence Detectors
P. Privitera in UHECR 2012
EUSO-TA optics

+ 2
Single-pixel camera g

Apr. 2014
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D. Mandat et al., JINST 12, T07001 (2017) M. Malacari et al., Astroparticle Physics 119 (2020) 102430



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

mscenﬁm‘fﬁay of Single-pixel Telescopes
L. Chytka et al. (FAST Collaboration), JINST 15 T10009 (2020)

Atmospheric monitoring studies

20180514—-102825
star ratio 0.64

A distant laser detected with FAST
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57 CLF shots from 2018/01/18 08:43:12.478053810
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https://iopscience.iop.org/article/10.1088/1748-0221/15/10/T10009

-_==f= = %%’ Cherenkov dominated event with "top-down" reconstruction
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TA result

BRLRSK : 2019/01/10 06:36:17.657332

BRLRSK : 2019/01/10 06:36:17.657332

Time, [1200m]

Time, [1200m]

28
27
26
e S e S S S
22
21
20—
19—
18
17
16
15

8.8

—8.6

—8.4

—8.2

Distance North, [1200m]

15 16 _17 18_19 20 21

NiatAanAan Cant T1959NNM1

10 11 12 13 14

NiatAanAan Cant T199NNAAI1

pmt_0_20190110_063617_657398690 Time(us), ¥PE
— R T . v (R SRt S R RN Rt o AR M Mt « SV, AR ] 45, 3240
30 __ -'."'.“...-.".'."‘ . '"_.'_',.,'_'.'.'.......-.'-'.-......"".'-.-...-.o'-..'...‘,.,.'_'_'.'...'..... ...._._'_..,'.,‘.‘...---'.-'-'...'.'.'.:,......'.'.'...‘.'o ---........ ‘s'm
o — g R, .. . - .. 40, 2560
E : T T .. e e e, « @ o . .... o= « s e o # e -. .. . o., R O C e .. 38, 2280
5 25 . . X . : . S BXE 15, 1960
% — aah® * .9 . . . . 33, 1690
o — 20, 1440
2 20 — 28, 1210
E’ — .. 25, 1000
H — 22, 810
c 15— N B 20, 640
S - ol e 17, 450
-~ — .- 15, 360
= 10 — N : 12, 250
o — N o 10, 160
w 5 = . 7.90
— = B 5 40

— 2, 10

0 = ] 1 ] ] 1 ] ] 0, 0

240 260 280 300 320 340 360

Azimuth angle [degree]

TA SD (Preliminary)
Zenith Azimuth
18.0 deg

Core(X)
5.0 km

Core(Y) Energy
4.5 km 15.8 EeV

36.2 deg
TA FD (Preliminary)
33.2deg 35.8 deg

6.1 km -5.3km 20.0 EeV

N,e /100 ns

N, / 100 ns

—_— — =
= — O S A W
Co— — s —1 — —
— — — p— — -
—_— — — —_— = —
— = — = —_— o m—
— — — — — - m—
— — — — —_—— —
—_— — — -— - —
— —_— — — -
— — — —— v -
— _— - —
= — . —

e A

i

Fluorescence detector Array of Single-pixel Telescopes

FAST result
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FEADS | 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



Ay Updates on reconstruction methods
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Fluorescence detector Array of Single-pixel Telescopes

Work: Justin Albury

S 2s0) k " pata + Top-down reconstruction
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505_ ." I|| . .
i P O N TR VPN | + Computatlonally expensive
kil T2 TRV LR R VR L
om0 100 150 200 .
Time bin [100 ns] 4+ Need a reliable ﬁrst-guess geometry
Inputs

3 feature per PMT with S/N > 50 + Neural network first guess reconstruction

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

+ Kares/Tensorftlow in Python, two hidden layers
put layer

input layer + 6 outputs: Xmax, energy, geometry (0, @, X, V)

hidden layer 1 hidden layer 2

Outputs
Energy, Xmax, geometry(f, ¢, x, v)

+ Very fast reconstruction y



FLAS Performance with the FAST array

+ Training data: Energy of 1 - 100 EeV, Xiax of 500 - 1200 g/cm?2, uniform
+ Night sky background: 6=10 p.e./100 ns, based on field measurements at TA and Auger sites
+ Test data: X,.x 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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Flum escence detectm Arv ‘ay ()f?lngle -pixel Telescopes

Resolution at 40 - 50 EeV (Proton, EPOS- LHC)

Entries

Entries
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rrAaAs True Xmax rails
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Fluorescence detector Array of Single-pixel Telescopes
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AL Reconstructed Xmax rails
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£ 2" Reconstructed Xmax distributions

Events / (10 g/cmz)

Events / (10 g/cmz)
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A lot of remaining works to optimize quality cuts, neural network, trigger condition....
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New electronics development
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rr4s Summary and future plan

Flum escence detectorArrav of Single-pixel Telescopes

+ Fluorescence detector Array of Single-pixel FAST@TA F AST@ Auger
Telescopes (FAST) , N\

+ Low-cost fluorescence telescope array

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

+ Anisotropy with mass composition sensitivity

+ Preliminary performance estimation

| LR B L T
+100% eftficiency above 10193 eV - .|.+ | 7
T I i
4+ Preliminary resolution of neural network P o e
reconstruction at 40 EeV = 10°F ** —
5 - i
+ Arrival direction: 4.2 deg, Core: 465 m > [ | :
CETJ ] —a— TA ICRC 2019 ]
+ Energy: 8%, Xmax: 30 g/cm?2 (A InA ~ 1) % e AuwerPRD2020 4 7
- s FAST 1 yr (95%CL) i
4+ Next step and Challenges A I FAST 10 yr (95%CL) ;
1()19—..I....I....I....I....I.:.:..I....
+ ) . [ " 185 19 195 20 205 21 21.5
Stand-alone operation of FAST "array" in field e (EGV))
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https://www.last-project.org


https://www.fast-project.org

