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査定経費推移：

H16年度 50千円（佐々木）

H17年度 70千円（佐々木・渡邊）

H18年度 890千円（佐々木・渡邊・小川）

H19年度 750千円（佐々木・渡邊・小川）

H20年度 1000千円（佐々木・渡邊・小川・木村・家入）

H21年度 1400千円（佐々木・小川・木村)

H22年度 1420千円（佐々木・小川・木村)

H23年度 1170千円（佐々木・浅岡・小川・木村)

H24年度 970千円（佐々木・浅岡・小川・木村)

H25年度 970千円（佐々木・浅岡・小川・木村)

H26年度 300千円（佐々木・小川)

H27年度 300千円（佐々木・小川)

今年度の使途内訳：

研究費 光学要素、設置治具、消耗品、ソフトアプリ、など

旅費 国内出張 (会議/試験@柏/明野)、など



Hadron: Cutoff exists but what makes it? 

K-H. Kampert, VHEPA2014

GZK suppression? maximum energy scenario?

 1. CR Origins must be nearby within GZK horizon (~40Mpc) or our galaxy.
 2. Hadrons cannot be probes for sources outer side of GZK horizon or our galaxy.



Photon: Indicates Hadron Accelerators 

Fermi-LAT: cutoff around 200 MeV TeV-g: many spectra favors hadronic models

Fermi-LAT, Science 339 (2013)

A.W. Smith, VHEPA2014



~ EdepShould be measured

Neutrino: Indicates PeV emitters

Ahlers & Murase, PRD (2014). 

IceCube: PeV events

IceCube, Science 342 

IceCube: 28 events Edep > 30 TeV

IceCube, PRL 111 (2013) 021103
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Strategies:

1. Pin down PeV-EeV ντ

sources with fine 
point-back resol.

=> Direct evidence of 
hadron accelerators 
or CR origins

2. Check PeV-EeV ν and 
γ-ray fluxes 

=> Id. and discover breaks
of basic physics and lows
e.g.  pp/pγ?, 
Super-cutoff, 
Lorentz invariance, etc.

VHE Universe “Labo.”
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Exploring PeV-EeV Universe for and beyond CR Origins

Discovery of g-ray “Super-Cutoff” ?

e.g. PKS1424+240 t=5 at z>0.6
(Furniss et al., 2013)



Chronology

1997: TA grand design
2000: Signal/Track Finder 
2000: PAO funded
2002: ES nt AS method
2002: NTA proposed
2002: renamed into Ashra
2003: Ashra-1 funded
2004: 1st search for OpF on GRB 
2008: 1st search for ES nt on GRB 
2013: NTA LoI
2014: VHEPA2014 @ Kashiwa
2015: VHEPA2015 @ Taipei

IAC：A.Watson,F.Halzen,T.Kifune

2015: NTA-meet @ ICRC2015 Hague
2016: VHEPA2016 @ Honolulu, Jan.7-9 
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Records of Design & Development of TA 
Fluorescence Detector

M.Sasaki, RESCUE-Sympo. 2001.11.14M.Sasaki, ICRR Future Planning Sympo. 1997.10.09

3m



Records of Design & Development of Ashra
Wide & Fine Imaging Detector

2-3 arcmin. resolution over 42deg FOV
M.Sasaki, CosPA2003, Taipei

2007: Installation on Mauna Loa



Ashra-1 LC Components

①広視野、②高解像度、③マルチトリガー （for 多粒子天文）



Ashra-1 光電撮像パイプライン (PIP)

トリガー側筺筒

CMOSカメラ
(トリガー撮像)

光ファイバ

CCDカメラ(長時間露光用)

BS1内蔵

BS2内蔵DII内蔵

AII



2-3 arcmin. Resol. Over 42deg FOV

受光感度
12等/1秒露光

42deg.



Real Shower Images

• All AS images -> Hillas image parameters, i.e. Width, Length, …
• Same threshold and cluster cuts are applied as nt search.



NTA Baseline Design

Light Collector (LC)

Optics with f1.5m pupil

FOV 28〫= focal sphere f50cm

Detector Unit (DU)

4 LCs watching same FOV

Superimposed 4 images

⇒ Effective pupil = f3m

12 DU’s per p coverage

Need at least 30 DU’s for Coverage

⇒ Concept:

Ashra-1 x 1.5 scaled-up

＋same trigger & readout

Ashra-1 Light Collector

~1000km2 stereo



Optical Fiber Transmission System

#1

#2

#3

#4

4m

Optical Coupler

Pipeline

Optical Fiber Bundle

To

Cerenkov Trigger

To

Fluorescence

Trigger

• 64x64 fibers(0.5mm/fiber)

• 0.67deg-FOV / fiber

Light collectors can be easily appended to the trigger.

Sensitivity can be reinforced when more budget is available.

Coadds coarse images from light collectors & distribute to trigger sensors

64×64 MAPMT



30°

360°

FOV Elevation 30° × Azimuth 360°

Duty 10-20% from Ashra-1 

For GRBn (Hummer et al. 2012)

Survey Depth z < 0.15 (600Mpc)

n pointing accuracy < 0.2°

Hawaii Island.

NTA nt can observe Galactic Center

NTA nt Survey Performance

Wide & fine survey up to 15 x GZK-radius.   

NTA ντ Exposure



30°

FOV Elevation 30° × Azimuth 360°

Duty 10-20% from Ashra-1 

Large zenith => PeV γ-ray aperture

γ-ray pointing accuracy < 0.2°

Hawaii Island.

NTA γ-ray can also observe Galactic Center

NTA γ-ray Survey Performance

Fine image in wide FOV @ large zenith,
Cherenkov & Fluo. indep. triggers 
=> γ-ray ｏｂｓ. in PeV-EeV range



Chronology

1997: TA grand design
2000: Signal/Track Finder 
2000: PAO funded
2002: ES nt AS method
2002: NTA proposed
2002: renamed into Ashra
2003: Ashra-1 funded
2004: 1st search for OpF on GRB 
2008: 1st search for ES nt on GRB 
2013: NTA LoI
2014: VHEPA2014 @ Kashiwa
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2015: NTA-meet @ ICRC2015 Hague
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For Ashra-1, 
NTA = internationalized Ashra-2



2015 2016 2017 2018 2019 2020 2021 2022 2021

Funding Request Construction / Partial Observation Full ObservationNTA

Toward PeV-EeV tau n & γ-ray survey

Test Observations / Multi-particle/ MultimessengerAshra-1

Principal Demonstration

Training / Aging  / Test ObservationsAkeno

Developments / Assembly



[1] Aita et al., 2011, ApJ, 736, L12

Obs01 (2008-2009): Obs03 (2012-2013):

To be updated

Trigger Pixels 
for CR:

62 trig. pixels
44.4 hrs

Trigger Pixels 
for Taus

62 trig. pixels
197.1 hrs

Trigger Pixels 
for CR:

4 trig. pixels
1884 hrs

Alt: 14.631.29
Azi: 21.991.29
Fine Pix: 0.05/pix

Trigger Pixels 
for Taus
58 pixels
1950 hrs

CR Spectrum GRB nt Limit

Alt: 11.71
Azi: 21.99

• 5 Swift, 9 Fermi   
Triggers in FOV

• A lot of events pass 
FOV within 24 hrs



CR Eobs Spectrum

Obs01: 140 events Obs03: 824 events

Updated Very Preliminary

MC normalization by CR flux.

Become negligible due to LED 
flusher calibration

Interesting 
discrepancy bet. MC 

Iron and Proton



Local Exposure Control

Global Exposure Control Local Exposure Control
=> Ideal Noise Reduction



• Total Obs. Time:  5713hr 
• Ave. Duty:            19 %

Ashra-1 Observation Periods

• 5 Swift, 9 Fermi   
Triggers in FOV

• A lot of events 
pass FOV within 
24 hrs

5-faceted
Rain & Fog Monitor



Ashra-1 高速撮像カメラ (FST)

トリガー論理判定回路（FPGA 
ボード)との接合動作試験

ファインセン
サーカメラモ
ジュール

Ashra

ファインセン
サー

動的撮像試験

最終動作確認中

ファイセンサーの撮像試験

Ashraファインセンサーの特徴
2048x2048 pixels/19mmx19mm
128x128 セルの
個別露光 読み出し可能

露光 読み出しされた画像

トリガーセンサーアドレス

http://www.vector-international.be/C-Cam/sensors.html
http://www.vector-international.be/C-Cam/sensors.html


R8400-00-M256 （H9500）

Ashra-1 / NTA Trigger Sensor

- Trigger Sensor  Unit (TSU) =

16x16 trigger pixs /chip on R8400-00-M256

followed by Trigger Decision LSIs (ASIC) 

- 4x4 TSUs  for 1 Detector Unit



大気蛍光用論理判ロジック (Track Finding)

Obs3で使用したチェレンコフ光判定に
大気蛍光判定を付け加える
複数のFPGA、DSP、メモリーが搭載

MAPMT、閾値判定回路を通された信号を
サンプリングリングバッファーに蓄積し
随時判定を行う
判定後 ファインセンサーから読み出しを行う

論理判定 シミュレーション波形

論理判定回路



Trigger Test with Laser Tracks

Laser Track Triggered with Track 
Finding, 9.6mJ/pulse @532nm



LED Flasher for Gain Calibration

PLI

PLI+PIP Trigger Readout can be calibrated 
even during Physics Run (e.g. 0.01Hz)

PD monitors LED 
light source stability.
~1% reproducibility

Uniform and wide (20)



Rehabilitation Jan. – Mar. 2015



2015.12.16 
@ Mauna Loa Observation Site



Summary
• We are now just one step away from clearly identifying CR origins and more.

• Ashra/NTA: PeV-EeV Universe Explorer with n & g rays for and beyond CR origins.

• Validation for nt based on updated CR Spectrum OK

=> Soon following analyses will be completed:

– Diffuse nt flux search

– nt s from many GRBs passed through Ashra-1 FOV

• CR Eobs Spectrum has physics potentials:

– Composition as a function of Eobs

– Need more statistics and to eliminate systematics

• We would increase trigger pixel coverage (statistics) and  start stereo observation
(systematics) for  nt and CRs. => Demo. for NTA physics potential. 

Same orientation 
-> stereo-analysis will be possible 
with more distant separation



Ashra-1 Collaboration

Ostracism


