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Fluorescence detector Array of Single-pixel Telescopes
(+ Surface detector array of LLayered Observational Water-cherenkov counters)

T. Fujii, M. Malacari, J. Albury, J.A. Bellido, J. Farmer, A. Galimova, P. Horvath,
M. Hrabovsky, D. Mandat, A. Matalon, J.N. Matthews, M. Merolle, X. Ni, L. Nozka,
M. Palatka, M. Pech, P. Privitera, P. Schovanek, S.B. Thomas, P. Travnicek



Highlights on UHECR
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Highlights on UHE Photon/Neutrino

Top-down model disfavored, close to GZK photon/neutrino

Cosmogenic v models

Photon limits 95% CI-L- Neutrino single flavour limits (90% C.L.)

C. Bleve ICRC 2015
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TA x4

On-going Upgrade

Detailed measurement on Hotspot
Enlarge the fourfold coverage to TAx4 = Auger,

3000 km?

E > 57 EeV

1.38 m

Expected in 2020

PMT for Upper Layer
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On-going Upgrade: AugerPrime

Install 4 m* Scintillator to measure the mass composition by SD.

Fibers routing

PMT/SiPM

T siop FoAle ot E=5-107eV] & Improve electromagnetic/muon separation of SD to measure the
mass composition above 101°7 eV.
8.5 : : .o
5 y//\l—;e € Boost in statistics by a factor of ~ 10 compared to FD Xmax
o0 analysis.
8.4
€ Small PMT in the water tank, FD operation during moon night.
600 700 500 900 w & Origin of flux suppression, proton contribution above 10197 eV,

Xmax (glcmz) ——_’

new particle physics beyond the human-made accelerator.
R. Engel ICRC2015, R. Smida UHEAP2016



JEM-EUSO

Extreme Universe Space Observatory onboard Japanese Experiment Module

‘1o r detection.ol LRS- dTom space

A 7 S N \
JEM-EUSO Orbit altitude:
~400km

“Declination []
9060 30 0 430 +60+90

JEM-EUSO (1SS) /64,000 km?-sr
Auger (¢ = 35.5°S) / 7,000 km?-sr
TA (p=39.1°N) [ 1,800 km?-sr

-1 -08-06-04-02 0 02 04 06 08 1
sin(Declination)
e '“_-_ /i A

A. Olinto, ICRC2015



Physics Goal and Future Prospects

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

5 - 10 years 1
Exposure and Full Sky Coverage Detector R&D “PreCiSiO.n” Measurements
TAx4 + Auger Radio, SiPM, ﬁugerPr:;e: b )
. o OoOwW €1ne cnnancemen
J EM-EUSQ : ploneer detection from ||Low-cost (Auger infill+ HEAT+AMIGA,
space and sizable increase of exposure ||Detectors TALE+TA-muon+NICHE)

\ 10 - 20 years 1

7/

Next Generation Observatories

In space (100xexposure): EUSO-NEXT
Ground (10xexposure with high quality events): Giant Ground Array, FAST

\.i‘m! I
;‘ § il
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£ Fluorescence detector Array of Single-pixel Telescopes

Fluorescence detector Array of Single-pixel Telescopes

+ Target : > 1017 eV, ultra-high energy cosmic rays (UHECR) and neutral particles

4+ Huge target volume = Fluorescence detector array

Fine plxlated camera Too expensive to cover a huge area

§'3°r - " —
B - - - NG 310 9052
€ 25/ s T
2 L 2 60}
o - -
s 2 £ oF
© - x 40
15 - -
. o 30
L © -
10 — 20
55 10
- oF
SR :
o T R SR S BTN ST SRR WS s, .10 1 FEETLIA 31 | -1 P 1
60 50 40 30 20 10 0 400 600 800 1000 1200 1400
azimuth [deg] slant depth [g/cm’]

Low-cost and simplified/optimized FD

g % ~Ghout 3 ]
g » B3 —
8 25 - g 100 — ' 1 : [ )
3 . > 14 5
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3 20¢ 2 oFE | T AT
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+ Each telescope: 4 PMTs, 30°x30°
field of view (FoV).

4+ Reference design: 1 m? aperture,

15°x15° FoV per PMT

+ Each station: 12 telescopes, 48 PMTs,
50°x360° FoV.

T [
o | 1 S - : : : :
of £ + Deploy on a triangle grid with 20 km
o (i £ ot spacing, like “Surface Detector
: i Array”
O _1-0 _\% b % 2 I\ | W _]00:5_ lllllllllllllllllllll y .
S B i IV | |
C 1 ek 2 + If 500 stations are installed, a ground
S §oml coverage 1s ~ 150,000 km?.
g o g " + Geometry: Radio, SD, coincidence of
e e three stations being investigated.




FFAS FAST Exposure

g g g —g

+ Conventional operation of FD

under 10~15% duty cycle

A

NG

A 1
(™

1.E+7
+ Target: >1019% eV

o 5% JEM-EUSO + Observation in moon night to

> tilt .

G JEMEUSDY achieve 25% duty cycle,

N nadir

T 1E+5

% Augera + Target: >10"7%eV = Super

= A GZK events (Hotspot/

S 1E+4 Warmspot)

2

X + Test operation in moon night

1.E+3 with Auger FD (R. Smida)

Preliminary

1.E+2 4 Ground area of 150,000 km? with

1990 2000 2010 2020 2030 2040 25% duty cycle = 37,600 km?
Year 10
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FE4S Physics Target

g g g —g

GZK Recovery =
Y pimnay | FAST

with ~10x statistics

m
v
‘ o
N
m
®
<
©c = N W &~ O

I <+ — 1
B - b g P g
-ug Coq P o 3 -3
i LI ;
60 -4

First detection of UHE photons and neutrinos

Photon limits 95% C.L.

—e— TA ICRC 2015
—=— Auger ICRC 2015

Cosmogenic v models
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= Window of Opportunity at EUSO-TA

e e P

mscenggm;ay of Single-pixel Telescopes
e FAST camera

Telescope Array site Black Rock Mesa station EUSO-TA telescop

: l’&% ek
) ’_.t,f ‘ly A
3 P - ';

EUSQO prototype

N =
\%\\ ’7949’ - o
N e | L~
P& ///
& & / s
i o
<_D o
> a/’

Vista isometrica [ ]
Scala: 1:10 * ln C

: \( . .
+ Temporally use the EUSO-TA optics at the TA site.
(R5912-03,
+ 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)

+ Install FAST camera and DAQ system at EUSO-TA telescope. + Ultra-violet band pass
filter (MUG®6, Schott)

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

of FAST

| T

Camera
~ |

TAFD external trigger, 3~56 Hz Anode & dynode
Signal

15 MHz

low pass filter

High Voltage power supply,
N1470 CAEN

All modules are remotely
controlled through wireless

network.

> -
~ .

BN |
-r~‘\ ! - -'--- - '.‘j ..:' @ £AMm
. " ‘.",t-';k‘*-f" TCL"’.;-

Portable VME Electronics
- Struck FADC 50 MHz sampling, :
PPIS Amplifiers 777 ,Phillips scientific

S153350 R979 CAEN Signal x50 A 5= =5
- GPS board, HYTEC GPS2092 Signalx10 e o

Fluorescence detector Array of Single-pixel Telescopes







< Results on the First Field Observation

Fluorescence detector/lrrav of Single-pixel Telescopes

+ Data set: April and June 2014 observation, 19 days, 83 hours TARD e R s

R FAST
ET  Fov

e ‘1;/{',

- . \\_l‘:

gle [degree)
e

Elevation angle

= U s Sswsash
SEESEIgIEREE

+ Very stable observation under large night sky backgrounds

+ Laser detection to confirm a performance of the prototype " : S il
|
|

s 8

/(100 ns)
.

+ UHECR search : 16 candidates coincidence with TA-FD

20

N pe

-
o o

| !.’1 I, ;,' M bl i M
+ Very successful example among Telescope Array, JEM-EUSQO, Pierre . Lt M' ;'""W'l"[;.'llh';}.u||

-30

Auger Collaborations. St
10 ——— i s
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Astroparticle Physics 74 (2016) 64-72, arXiv: 1504.00692 16



http://arxiv.org/abs/1504.00692
http://arxiv.org/abs/1504.00692
http://arxiv.org/abs/1504.00692

A4S Full-scale FAST Prototype

g g g —g

+ Confirmed milestones by EUSO-TA Telescope
FAST meeting in December 2015

+ Stable operation under high night sky (Olomouc, Czech Republic)
backgrounds. | l

+ UHECR detection. cee)

(( (L

+ Next milestones by new full-scale FAST prototype N ¥
+ Establish the FAST sensitivity. NN e U D N B

+ Detect a shower profile including Xmax with

17




1m?2 a pe rture S
FOV = 25°x 25°

45°
UV band-pass 8 inch PMT camera

Segmented primary mirror
filter (2x2)

Joint Laboratory of Optics in Olomouc, Czech Republic18
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20165E10H

http://www.fast-project.org
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http://www.fast-project.org
http://www.fast-project.org

le-pixel Telescopes
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Aerial photos

Fluorescence detector Array of Single-pixel Telescopes
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Fluorescence detectorArrav of Single-pixel Telescopes
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Fluorescence detector Array of Single-pixel Telescopes
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<2 " Possible Application of the FAST Prototype

Fluorescence detector Array of Single-pixel Telescopes

+ Install FAST at Auger and TA for a cross calibration.
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Counterpart: SLOW

-pixel Telescopes
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Fluorescence detector Array of Sin

Water-cherenkov counters
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Fluorescence detector Array of Single-pixel Telescopes

Physics Target
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+ First GZK y detection

4+ 750 m spacing 1n triangular arrangement

4+ 10 m?, 800 stations — ~200 km?

+ 100% etficiency above 10175 eV
+ Energy scale calibrated with FAST

4+ Hadron interaction model

+ Mass composition
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+ IFluorescence detector Array of Single-pixel Telescopes (IFAST)
+ Mliars = L X — P AR BTN R L L 70 R R S OGS S 2 (v, SEEii 7 L A
HEPH LU THFH RN D REL 2 —#f7m) b S 2 AT e G G i)
+ 7 VAT —)VFASTaMERRIC K % st Bl e
+2016F 10 HICEAFIR 2 i L, Bl 2 Fia L 72 2017421 H 2 & it fr @il 2 S
+ BifE £ CT128IRF R O BLHIIRF ] 2 225k L. SaT 18R D T Hif i SR &2 H D) /-
+21 kmZED L —HF —MHDT S 2L —v a v i T—F DK% L /-
+ BN 2 fkRE L. Bus = L ¥ —FHROmta w2 BT

+ Surface detector array of LLayered Observational Water-cherenkov counters
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