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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.)
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On-going Upgrade: AugerPrime

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

PMT/SiPM

¢ Improve electromagnetic/muon separation of SD to measure the
mass composition above 10177 eV.

€ Boost in statistics by a factor of ~ 10 compared to FD Xmax
analysis.

€ Small PMT in the water tank, FD operation during moon night.

® Origin of flux suppression, proton contribution above 10197 eV,

new particle physics beyond the human-made accelerator.



Strategy to detect UHE photon

Photon limits 95% C.L.
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Strategy to detect UHE photon

Photon limits 95% C.L.
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+ Search for deep Xmax showers by fluorescence technique.

+ 10xAuger effective area needed: JEM-EUSO mission or FAST project



JEM-EUSO

Extreme Universe Space Observatory onboard Japanese Experiment Module
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JEM-EUSO Orbit altitude:
~400km
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R&D for JEM-

EUS EUSO-Balloon

o E ~ 10'8-3% ¢V (highly uncertain)
@ Distance: 2.6 km

MINI-EUSO 1n
2017

GTL: 39873, pkt: 311, GTU in pki: 65, UTC time: 2015-11-07 09:15:07,
Utah fime: 2015-11-07 02:15:07
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JEM-EUSO and K-EUSO

+ In the Russian Federal Space program. Mission of opportunity launch in FY2019
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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
TA x4 + Auger Radio, SiPM, AugerPrime

JEM-EUSO : pioneer detection from

space and sizable increase of exposure

LLow-cost
Detectors

Low energy enhancement

(Auger infill+ HEAT + AMIGA,
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
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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 pixelated camera Too expensive to cover a huge area
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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.

e
o o | 1 S - : : : :
of g + Deploy on a triangle grid with 20 km
o JE £ ot spacing, like “Surface Detector
: T Array”
O 0 ‘_\ 1V 2% :_ lllllllllllllllllllll y ’
E R N | |
: i 2 + If 500 stations are installed, a ground
3 & ol . coverage 1s ~ 150,000 km?.
e g EW } ﬁ h + Geometry: Radio, SD, coincidence of
""""""""" - three stations being investigated.
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FFAS FAST Exposure

+ Conventional operation of FD under

10~156% duty cycle
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1.E+7
+ Target: >1019°eV

— 1E+6 JEM-EUSO + Ob§ervation in moon night to

2 ;“/ achieve 25% duty cycle,

iz JEM-EUS

N nadir

T 1E45 + Target: >10"7% eV = Super GZK
EI, Augerg events (Hotspot/Warmspot)
& TA L. .

5 1.5 + Test operation 1n moon night
/), . .

o with Auger FD (Radomir

1 Smida).

1.E+3

Preliminary 4 Ground area of 150,000 km? with
1.E+2 25% duty cycle = 37,5600 km?

1990 2000 2010 2020 2030 2040 (12xAuger, cost ~60 MUSD)
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Physics Target

GZK Recovery
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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)
16

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.







Fluorescence detector/lrrav of Single-pixel Telescopes

AN Results on the First Field Observation

+ Data set: April and June 2014 observation, 19 days, 83 hours TAFD e e o . . [fiE

+ Laser detection to confirm a performance of the prototype ———
4 UHECR search : 16 candidates coincidence with TA-FD

+ Very successful example among Telescope Array, JEM-EUSQO, Pierre

N, ../ (100 ns)

+ Very stable observation under large night sky backgrounds

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

A Full-scale FAST Prototype

+ Confirmed milestones by EUSO-TA Telescope

FAST meeting in December 2015

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

+ UHECR detection.

( (L Ll

o

+ Next milestones by new full-scale FAST prototype . -_

+ Detect a shower profile including Xmax with 4% > '] oy & TP, W

19



FOV = 25°x 25° - N\ B

variable
tilt
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45°

8 inch PMT camera

UV Plexiglass
(2 x 2)

Segmented primary mirror

Joint Laboratory of Optics in Olomouc, Czech Republic20



P F A4S Robust Design of Telescope

21

ﬁ;;;en';evgff&m‘/lnuy of Single-pixel Telescopes
- Cca 3500 mm . . .
cea 3500 mm ‘ : . + # Robust design for maintenance free
K and stand-alone ObSGI’V&tiOD.
Cca 1000 mm -
¥ | : = = . .
¥y O il sl + Adjustable elevation 15° or 45° to
L @ | ° | enlarge the FoV of the current FD.
DUST and STRAY LIGHT protection
UV PMMA ,,window* -
roof ,window* - octagonaIWaI:er(:nvre cover = black shroud
7' Tt / mirrors
aPMTs VA&
camera
L) - 8 inch
= UV filter
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Full-scale FAST Prototype
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~ Concrete pad and hut being constructed

ﬁ;;a’mfn%%%;@le?ixd Telescopes
Telescope Array experiment, Black Rock Mesa site

<Specification of ELS >
® Beam Energy 40MeV (Max)

B Beam Intensity 107 /pulse

® Pulse width 1 psec
B Repetition 0.1-1 Hz

Fluorescence Detectors Station
at Black Rock Mesa site

-
N O
‘ id-h'_l..-.
= .

N

ELS (taken in Feb.2009 at KEK

Y fraiies . = =
P 4 1= rERT )

P
4 mmm— e

We will plan to install the full-scale FAST telescope in September 2016
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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.

10— :
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Summary and Future Prospects

€ On-going upgrades of UHECR Observatories
¢ TAx4: 3,000 km? area equivalent with Auger

¢ AugerPrime: 3,000 km? area, mass composition sensitive measurement by
water tank + scintillator

& Next-generation observatories
¢ JEM-EUSO

¢ ~30,000 km? from the space, R&D tasks: EUSO-TA, EUSO-Balloon,
Minmi-EUSO, EUSO-SPB, K-EUSO

¢ Fluorescence detector Array of Single-pixel Telescopes (FAST)

¢ Deploy the economical fluorescence detector array, UHECRs and
neutral particles with ~30,000 km? on the ground

25
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INTERNATIONAL SYMPOSIUM ON
“THE RECENT PROGRESS AND
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Fluorescence detector Array of Single-pixel Telescopes
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"Our Challenges

1. FAST Project
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+ The spherical surface on
PMT has complicated

point spread function.

4 We need to calculation
ethciency of optics.

4+ It will be used 1n the

offline analysis after
data-taking 1s started.
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I 4S5 UV Band-pass Filter

UV filter
in entrance
aperture
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http://arxiv.org/pdi/1509.02048v2.pdf
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2" Laser Signal to Check Pertormance

Directional sensitivity

by Ray'lrace of
EUSO-TA telescope
15
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4 Vertical Ultra-Violet laser at 6 km from FAST = ~101°2 eV

160 180 200 220

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.
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Time (1009 + Agreement of signal shape with simulation. 33
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PEAS UHECR Signal Search
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Fluorescence detector Array of Single-pixel Telescopes
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e 2. Search for a significant signal (>50)
— with FAST waveform at the same
e trigger.
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— 4+ 16 candidates found.
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_EEE 4. Dlstance vs Energy (from TAFD) for Candidates
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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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on for Long Term Operation

=~ Robust Desi

ﬁ;;;nggmz-@qf Single-pixel Telescopes
frame for dark shroud ( DUST and STRAY LIGHT protection )

horizontal parking position

(testing of opto-mechanical construction)
Joint Laboratory of Optics in Olomouc, Czech Republic37



mscﬁﬁﬁ;;y of Single-pixel Telescopes ( l )

Remote
. Enlarge
controlling concreto
shutter needed d?
pad
Another Cablz?
building? sround:
with
ditferent
azimuth

360° camera
for monitor?
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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

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 HlfOI’ maftion, we Calculate

Time (100 ns) Time (100 ns) expected signal by FAST
T o ___________________________________ - prototype.
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FAST DAQ System

Camera

Anode & dynode

High Voltage power supply,
N1470 CAEN

All modules are remotely
controlled through wireless

15 MHz

low pass filter

. N,
. TSR [
. network.

Portable VME Electronics _,
-~ StI‘L’le FADC 50 MHz sampling, . = =0 = ==

Amplifiers 777 ,Phillips scientific = FEEL E SI=

R979 CAEN ¢ = == ===
. Signal x50 ———
Sl gn al X 1 O Fluorescence detector Array of Single-pixel Telescopes

SIS3350
- GPS board, HYTEC GPS2092
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Camera of FAST
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- 15_ us A”
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plane? Depends on
position of lens focus.

L3
i
# 4

+ 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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Fluorescence detector Array of Single-pixel Telescopes

rr4s Efhiciency and Resolution of FAST
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Flu ence detector Array of Single-pixel Telescopes

L AS> GPS Timing and CLF Slgna]
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Fluorescence detectorAr?ra_y of Single-pixel Telescopes

L2250 CLF Simulation
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