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DSP: Signal Finding
SIGNAL FINDER

ADC: 12bit-5MHｚ

To/From 

Track Finder

CSI: 16bit-Dynamic range

VLSI : Cost performance

LCS＜１p.e./ADC-sample

TRACK FINDER

DSP: Track 

Finding

Charge Successive Integrator Signal Finding

Track Finding

Front-end Signal Process Scheme
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Earth Skimming Tau Shower Method

Dist. Ang.  w.r.t.

Mountain Edge

Expected 

misrecon. BG

0.1 deg 0.08 /yr

0.3 deg 0.55 /yr

1.0 deg 4.3 /yr

3.0 deg 39 /yr



MC Simulation of Tau Decay
Highly Boosted =>Thrust Axis of 
Tau Decay Remembers nt Direction
< 0.1mrad (~0.3arcmin) @ > 1PeV

Tau Deflection & Decay Energy After Propagation in Rock

Asaoka & Sasaki, Astropart. Phys. 41 (2013) 7-16
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Ashra-1 Collaboration (2004)

Ashra Collaboration 
Meeting In 2004

Toho University
Nagoya University
Chiba University

Ibaraki University
Kanagawa University

National Chiao Tung University



Light Collector

• Optics:
– Modified Baker-Nunn

• Components:
– Correcting lens (1.0~1.2mf)

with 3 acrylic cut plates
– Spherical mirror (2.2mf) 

with 7 curved glass plates on 
adjustable tables.

– Photoelectric lens IT (0.5mf) on 
focal sphere suspended with  
Stewart platform mechanism

– Mount structure with steel 
channels for easy assembly

=> arcmin. resolution over 42deg FOV
=> Very cost-effective



Catalog Star & Source Pairs

Total Resolution: ~3 arcmin image in 42° FOV

Can cover Mauna Kea surface at 35 km distance 

Ashra-1 Light Collector

Ashra-1 LC Optical Performance



Ashra-1 Pipeline Trigger & Readout

Optical 4s or 1s  

BG 200ns

CR 200ns

Same Fine Image to Multiple Triggers

Multi-Messenger Approach with 

One Detector System 

demonstrated 

1st imaging air-shower 
with self-triggered I.I.

Photoelectric Image Pipeline (PIP)
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http://swift.gsfc.nasa.gov/about_swift/



T. Piran 2003

External Reverse Shock => Prompt Optical Flash

Astronomical Multi Particle Object: GRB

“Standard” Fireball/Internal-External Shock Model



Optical & X-ray Problems to Solve

Reverse Shock Optical Flash 
[Sari&Piran, ApJ 520 (1999) 641]

X-ray Canonical Behavior 
[Nousek et al. ApJ 642 (2006) 389]

Diverseness beyond GRB SM => New Observations

X-ray Precursor 
[Burlon et al., ApJ 685 (2008) L19]

Delayed  Gamma-ray (GeV) 
[DePasquale et al., ApJ 709 (2010) L146]



Alert  within FOV

Preliminary

T0-100s

Preliminary

T0

T0+100s

6s-Exposure 
images  ⇒
SNR-map

SNR histo
around GRB

Each 6s-
period , plot 
the limits => 
circular #8632

Multi-wavelength  
＋Ashra Ontime / 
Precursor monitor
⇒ Restrict models 

Process of Analysis of GRB Optical Flash Search (GRB081203A)



Initial Lorentz Factor Restricted by Optical Flash Search

Kobayashi & Zhang ApJ 582 (2003) L75



Initial Lorentz Factor Restricted 
with Optical Flash Search

Burst Duration:T
Initial Lorentz Factor: h

3s Exclluded Region 

(T,h)
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First GRB nt Search Limit

• Swift GRB Alert during Commissioning in 2008
• First Check for PeV-EeV Tau Neutrino from a GRB 

(ApJ, 736 (2011) L12)
• Even Commissioning 100x Better than Rice
• Started Obs03 Runs Approaching to IceCube Area



Cosmic Ray Studies
 Important to verify detector 

sensitivity and calibration

 Measure energy spectrum 

(hint on composition)

 Test MC by event comparison  

CR energy spectrum from 

commissioning observation

MC Simulation

E=66PeV, Rp=379m

CR Cerenkov AS

Real Data
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April 8-9, 2015, National Taiwan Univ.

www.icrr.u-tokyo.ac.jp/~ashra/VHEPA2015ntu

the clear discovery and 
identification of non-thermal 

hadronic process in the Universe

air shower imaging detector 
for neutrinos



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
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Optical Air-shower Detector
Progress of Resolution×FOV

Fly’s Eye (1981-1993) HiRes (1994-2006) Ashra-1

Virgo Cluster
4deg×4deg

Virgo Cluster 
4deg×4deg

2mφmirror

256ch PMT

Station

2.3mφ鏡
4.2M画素

4deg/pix × All-sky

ＰＭＴ

1deg/pix × 28deg

ＰＭＴ

1.2min/pix×All-sky
Image Tube＋ＣＭＯＳ



Karl-Heinz Kampert, VHEPA, 
Kashiwa/Tokyo (Japan), March 19-20, 
2014 

Spectroscopy with CR

Optical Image with Ashra-1 Light 
Collector (LC)

+ Astrometry with ν & γ

VHE Particle Astronomy (VHEPA)



Arcmin Resolution -> Multi-Messenger 

• GRB 970228: 
the first GRB for which an afterglow was 
observed

• BeppoSAX
• GRBM (40-700keV): 
• WFCs (2–26 keV, FOV=40deg) :

burst’s position within 3arcmin

• optical images taken with the 
William Herschel Telescope on La Palma
=> visible and IR arcsec images 



Light Collector

• Optics:
– Modified Baker-Nunn

• Components:
– Correcting lens (1.0~1.2mf)

with 3 acrylic cut plates
– Spherical mirror (2.2mf) 

with 7 curved glass plates on 
adjustable tables.

– Photoelectric lens IT (0.5mf) on 
focal sphere suspended with  
Stewart platform mechanism

– Mount structure with steel 
channels for easy assembly

=> arcmin. resolution over 42deg FOV
=> Very cost-effective



Segment Mirror

1. Float glass  curved mirror:
f850 x t8  Cut => 10 kg / seg . piece
Total 7seg / LC => f2.2m & ~70kg.

2. Evaporation of Al +  Al2O3 coating
=> UV enhanced

3. On-site test just before installation:
all segments (~200 pieces ) OK: 
>85% @ 470nm   => >88% @ <400nm   



• Total spot size measured after adjusting 6 segment 
mirrors on mount: 

=> Combined spot s = 0.19mm
=> corresponding to 0.46arcmin = 0.13mrad

Installation of Segment Mirror on 
Mount @ Ashra Mauna Loa Site

Combined spot: s = 0.19mm 
0.46arcmin=0.13mrad

Mirror Adjustment



33Y.Asaoka, M.Sasaki NIMA 647 (2011) 34

20” Photoelectric Lens Imaging Tube (PLI)

Input

Input Diameter f500mm

Output

f25mm

Large  : World largest I.I.
Fine    : FWHM = 40-60m @output window

Stable: No performance degradation for 3.5 years



Imaging Test of 20” PLI

500mm

300mm 
(OHP sheet)

Imaging Resolution Chart on Input Window

Output Image 
Example



20” Lens-IT & Filter

• Input window is coated with multi(40-)layer thin film filter to cut l>450nm
• Keep good S/N of fluorescence and Cerenkov lights against NSB

20”φ Prod.ver.

Fluo. Ceren. NSB

Transmittance



Ashra-1 Pipeline Trigger & Readout

Optical 4s or 1s  

BG 200ns

CR 200ns

Same Fine Image to Multiple Triggers

Multi-Messenger Approach with 

One Detector System 

demonstrated 

1st imaging air-shower 
with self-triggered I.I.

Photoelectric Image Pipeline (PIP)



Optical Fiber Transmission System

#1

#2

#3

#4

4m

Optical Coupler

Pipeline

Optical Fiber Bundle

To

Cerenkov Trigger

To

Fluorescence 

Trigger

• 64x64 fibers(0.5mmf)

• 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



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



Trigger Sensor ＬＳＩ

• Pixel includes Ｉ/Ｖ transformer、filter、and comparator

in the size of ５００ｍ□

• １６×１６ pixel array / LSI chip ⇒ 64×64 trigger generated with ４
×４ LSI chips

• LSI size: 9.8ｍｍ□

Pixel Circuit Diagram

16x16 discriminator array equipped on the back of MAPMT



Test of PIP (1st generation)

Photoelectric Image Pipeline (PIP)

Mounted PIP (2nd generation)

174mm

=> 21 LP/mm => ~1arcmin

0.23m
m



~3 arcmin over 42 deg FOV after all adjustments 

Performance for Astrometry & Photometry 

Automatic Catalog Star 
(Tycho2) Matching works well.

~1arcmin/1pix

Catalog Star & Source Pairs



MAPMT HPD Board
LSI x16 Trigger FPGA/DSP Board

Trigger
Relay 
Board

HV LV

Trigger PC

Coax.
・L_X_D[63:0]
・L_Y_D[63:0]
・LSI Cnt[4:0]

Coax.10ch
V1-V8,Vg,Vos

LV

USB
・LSI Cnt
・Xsel[63:0]
・Ysel[63:0]
・Trig #

DAC10ch

Gate I.I
Gate Signal

FST
Trigger 
Signal

Trigger FPGA/DSP Board



Ashra-1 R0000941/E115513 Triggered Shower and MC

Real MC



Local Exposure Control

Global Exposure Control Local Exposure Control
=> Ideal Noise Reduction



Parameter Measured Value

Saturation Capacity 4561 e

Dark Current 636 e/s

Temporal dark noise 16.25 e

Total Quantum Efficiency 58.3 % @525nm

Dark Signal Non-Uniformity* 4.37 %

Photo Response Non-
Uniformity*

7.12 %

Performance of FST CMOS Sensor

2048x2048 pixels / 19mm x 19mm, 
Triggered Regional (64x64 macrocells) Exposure

* Careful off chip FPN correction can eliminate them 



FST Demonstration 

FPGA Brd.

FST Camera

20€ Note
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2015 2016 2017 2018 2019 2020 2021 2022 2021

Funding Request Construction / Partial Observation Full ObservationNTA

Toward PeV-EeV tau n Servey

Test Observations / Multi-particle/ MultimessengerAshra-1

Principal Demonstration

Training / Aging  / Test ObservationsAkeno

Developments / Assembly



Sensitivity (Aeff
n)

102 PeV
J.A.Aguilar, Nucl.Phys.B 237-
238 (2013) 250-252

IceCube: IC-79

Ashra-1 Obs03: 1LC

• Ashra-1 1LC compatible with IceCube @ 102 PeV
• IceCube indicated flax E2f=1.2x10-8GeV sr-1 s-1 cm-2

=> Fluence x E2 = 8.7 GeV cm-2 

• Ashra-1 1LC: 49 nt s @-3.0deg, 77 nt s @-0.3deg
• Small ES angle limits chance => NTA improves



IceCube 28 Events 

8% Significance IceCube, Science 342 (2013)

Ahlers & Murase, PRD (2014). 

FB

FB



Ashra-1  Obs04 g Exposure



Crab

How to exploit/see 
PeV γ-ray s

IceCube ν means :
PeV γ-rays exist
as strong source:  

γ-ray from hadronic
interaction

GeV γ-rays TeV γ-rays PeV γ-rays

To  improve sensitivity γ-rays ,  for  higher energies, ?

Nearby object  
that emits 
PeV γ-rays?

Thank to T. Kifune.
LA. Anchordoqui et al./Journal of High Energy Astrophysics 1-2 (2014) 1-30.
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