First results from a prototype for the Fluorescence
detector Array of Single-pixel Telescopes
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22" Physics Goal and Future Prospects
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Fluorescence detector Array of Single-pixel Telescopes

Origin and Nature of Ultra-high Energy Cosmic Rays (UHECRs) and I
Particle Interactions at the Highest Energies

5 - 10 years 1
Exposure and Full Sky Coverage Detector R&D | |[“Precision” Measurements
N Radio, SiPM, AugerPrime
TAx4 + Auger I ) I b )
, : OW=-COS ow energy enhancemen
JEM'EUSQ ' plo.neer detection from Fluorescence (Auger infill+ HEAT + AMIGA,
space and sizable increase of exposure | | Deatector (FD) | TALE+TA-muon+NICHE)

\ 10 - 20 years 1

Next Generation Observatories
In space (100xexposure): Super-EUSO —
Ground (10xexposure with high quality events): =——- .
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£ Fluorescence detector Array of Single-pixel Telescopes

Fluorescence detector Array of Single-pixel Telescopes

+Target : > 10"°° eV, UHE nuclei and neutral particles

4+ Huge target volume = Fluorescence detector array

Fine pixelated camera Too expensive to cover a huge area
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g + Each telescope: 4 PMTs, 30°x30°
1 field of view (FoV).

+ Reference design: 1 m? aperture,

15°x15° FoV per PMT

+ Each station: 12 telescopes, 48
PMTs, 30°x360° FoV.

e I
o o > S - : . : .
o = + Deploy on a triangle grid with 20 km
o 'E -t spacing, like “surface detector
o § o »”
- z " array .
o ,o“\ 21</ 1\ P Wi J
1-11101“1-15““6““51””110””1151“ 56 EeV ozenit:m50° Hime (100ns) ® ®
E xSV + It 127 stations are installed, a ground
o) 3 o 40001 2 o
E £ coverage 1s ~ 40,000 km?.
S T [ |
B © ol |
i g + Geometry: Radio, SD, coincidence
OM L{WWM& f h . b . . . d
,,,,,,,, “ ""f”*“,“’““f“‘?“’““‘“”’”,“"“’, o SN oI three stations being investigated.
Time (100 ns) Time (100 ns) 4




22"  Window of Opportunity at EUSO- TA
Ezzgcenﬁﬁﬁ of Single-pixel Telescopes
Telescope Array site Black Rock Mesa station EUSO-TA telescope FAST camera

- EUSO prototype & /)
+ Temporally use the EUSO-TA optics at the TA site. + 8inch PMT
(R6912-03,
+ Two Fresnel lenses (+ 1 UV acrylic plate in front for protection) Hamamtsu)
+ 1 m* aperture, 14°x14° FoV = FAST reference design. + PMT base (E7694-01,
Hamamatsu)
' + Ultra-violet band pass
filter (MUG®6, Schott)
5

2
+ Install FAST camera and DAQ system at EUSO-TA telescope

+ Milestones: Stable observation under large night sky backgrounds,
UHECR detection with external trigger from TAFD.






2" Laser Signal to Check Pertormance

Directional sensitivity

by RayTrace of

Kouapgjz[
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4 Vertical Ultra-Violet laser at 6 km from FAST = ~101°2 eV

4+ Expected signal TAFD/FAST: (7 m? aperture x 0.7 shadow
x 0.9 mirror) / (1 m? aperture x 0.43 optics efficiency) ~10

N, /(100 ns)

+ TAFD Peak signal : ~3000 p.e. / 100 ns

+ FAST Peak signal : ~300 p.e. / 100 ns. All shots are
detected significantly.

| | I | | | |
700 800

e + Agreement of signal shape with simulation.
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PEAS UHECR Signal Search
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Fluorescence detector Array of Single-pixel Telescopes
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o 2. Search for a significant signal (>50)
S with FAST waveform at the same
——— trigger.
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Time (20 ns) tnd 8

l . “_” = l o l I Pralie Reconatrecion

= 4+ 16 candidates found.




T et i i A A

10>

Impact parameter [km]
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F 45 Comparison to Expected Signal from UHECRs

Flum escence detectm Array of' Single-pixel Telescopes

60F
50F
40F
30F
20F

+ Geometry, Energy and
Xmax was reconstructed by

the TAFD monocular

analysis.

N..../ (100 ns)
N..../ (100 ns)

4+ Based on these
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T o ___________________________________ - prototype.
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Constructed

Fluorescence detector Array of Single-pixel Telescopes yp g
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4+ Confirmed milestones

by EUSO-TA Telescope

+ Stable operation
under high night sky

backgrounds.
+ UHECR detection.

+ Next milestones by new e

FAST prototype
4+ Establish the FAST

sensitivity.

4 Detect a shower
profile including

Xmax with FAST

Joint Laboratory of Optics in Olomouc, Czech Republic 11




4.8 Design of Hut and Shutter

ﬁ?&%?%i-/m@ of Single-pixel Telescopes
o . Coassomm .+ Adjustable elevation 15° or 45°,
...................................................... 9 like HEAT and TALE, to enlarge
* Coa 1000 mm the FoV of the current FD.
: * + Robust design for maintenance free
and stand-alone observation.
DUST and STRAY LIGHT protection
roof ,,window* |lr:\:>;gnglj\ﬂ>?1alwalsgr(::vre cover = black shroud
T / mirrors

*n
o
tea.
L
o
o

4 PMTs
camera
8 inch

]
‘.0.0...O 00000

UV filter
glass

cabling

o
|

12

Cca 3000 mm
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22" Possible Application of FAST Prototype

+ Install FAST at Auger and TA for a cross calibration. 600
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Summery and Future Plans

optimized FD array.
+ Confirmed milestones from the first hield test of FAST concept
using EUSO-TA telescope:

4+ Laser shots and UHECR candidates detected.

+ A novel technique to observe UHECRs: Low-cost simplified and

+ Stable operation under large night sky backgrounds.

+ Very successtul example among Pierre Auger, Telescope Array,

JEM-EUSO Collaborations.

+ Next milestones: detect a shower profile of UHECRs including
Xmax with new FAST prototype being constructed.

4+ New collaborators are welcome.

The Astroparticle Physics Conference
34" International Cosmic Ray Conference
1
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Anode & dynode

FAST DAQ System

Bdeice o

Camera
~ |

15 MHz

low pass filter

Portable VME Electronics
- Struck FADC 50 MHz sampling, Amplifiers 777 Phillips
R979 CAEN -
. Signal x50
Signalx10

SIS3350
- GPS board, HYTEC GPS2092

High Voltage power supply,
N1470 CAEN

All modules are remotely
controlled through wireless

network.
scientific = S= = ==
mrescé}z-rw‘%ﬁaz;flway of Single-pixel Telescopes
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Camera of FAST

o |
scale ; ET_:L : _:‘] : / i
| N\
iz ad \_
. / \,

Will it (eback

plane? Depends on
position of lens focus.

+ PMT 8 inch R5912-03
+ E7694-01 (AC coupling)
+ MUG®6 UV band pass filter

+ YAP (YAIOs3: Ce) scintillator with
24IAm (50 Hz) to monitor gain stability.
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1000 -

7 i YAP
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o |
— 600 —
~ i

dé 400 i
o B
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0 bt s g bl s o
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0 500 1000 1500 2000 2500 3000 3500 4000
Time (20 ns) 17



<2~ QOperation in Night Sky Backgrounds

Fluorescence detecto Arrav of Single-pixel Telescopes
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Mirror Construction
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age and the number of FAST stations
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rr4s Efhiciency and Resolution of FAST
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“Declination [°]
0 +30

JEM-EUSO (ISS) 764,000 km?-sr
Auger (0 = 35.5°S) / 7,000 km?-sr
TA (p=391°N) [ 1,800 km?-sr

1
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Flu ence detector Array of Single-pixel Telescopes

L AS> GPS Timing and CLF Slgna]
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L2250 CLF Simulation
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Fluorescence detectorAr?ra_y of Single-pixel Telescopes
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VEAS Full-scale FAST Prototype
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Fluorescence detector Array of Single-pixel Telescopes

Side view
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Exposure
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Exposure (Extrapolation)
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