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• A god of Indian myth.

• A statue of National  treasure 
at Kofuku temple in Nara.

• He has 3 faces and 6 arms.
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New Windows of Particle Astronomy
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• Probes for VHE objects

• EHE p, VHEν, TeVγ

• Probes for GUT-TD

• UHEγ, UHEν, diffuse TeVγ

•Combined analysis for physics at origin



AGASA clusters Clusters from 57 events > 1019.6eV 
5 doublets
1 triplet (astro-ph/9902239)

point sources

uniform distribution

Separation angle (deg)

Fr
eq

ue
nc

y 
(a

.u
.)

2.5° => 5σ C.L.



γ-ray-loud  BL Lac & EHECR
• EGRET & BL Lac (Veron2001) catalog => Selected 14 objects.

•AGASA 39 events (>4×1019eV) + Yakutsk 26 events (>2.4×1019eV)

Gorbunov, Tinyakov, et al.  astro-ph/0204360

Significance of correlations 
at angular scale δ

δ=2.7°

13 coincidences while 2 
expected for uniform BG

Spectrum of protons from AGN
Berezinsky, et al., hep-ph/0204357

with without 
evolution

γp→ e+e-p

γp→Δ→πN

Prob. from BG fluctuation up to 
galactic mag. field model & charge 
assignment   => Prob = 10-4~10-7

Emissivity & Spectrum can be reproduced.

Clusters  => EG Mag. field Lcoh~1kpc



γ&ν from AGN

AGN Model （C.M. Urry , P.Padovani）
1.1. EHEEHE--γγ & VHE& VHE--γγ(diffused)(diffused)

2.2. EHEEHE--νν

incontrovertible evidence for EHE incontrovertible evidence for EHE 
proton acceleration in AGNproton acceleration in AGN
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After p acceleration in AGN-jet, 

photo-pion processes:



VHE particle detection
p, Fe,p, Fe,γγ,,νν
interactioninteraction

25 km

6 km

XXmaxmax=800g/cm2=800g/cm2
10101818eV protoneV proton

AirAir--FluoFluo. Detector. Detector

FluorescenceFluorescence
~5 UV ~5 UV γγ/e/m/e/m

Surface Sampling ArraySurface Sampling Array

1~2km

AirAir--CerenCeren. Detector. Detector

CerenkovCerenkov

Air 1000g/cm2

= 28 Rad. Len.

= 11 Int. Len.



Air Cerenkov Detector

FOV～0.001sr

HEGRA

CANGAROO

Whipple



TeVγ Map

Using narrow field of view, independent 
discovery for TeVγ sources is difficult.



Surface sampling arraySurface sampling array

2×1020eV

Pointing　2～3°

Reconstruction is fully MC-
dependent. 



Air fluo. detector (HiRes)

22mmφφmirrormirror

256ch PMT256ch PMT

One of two stations.One of two stations.

Fly’s Eye Mono 
3×1020 eV

Xmax PMT array　＝> 　Resolution~1°



AUGER ~40× AGASA



ASHRAASHRA
•• ASHRA ASHRA stationstation

•• 3 stations in a desert (phase2)3 stations in a desert (phase2)

•• 12 telescopes / station12 telescopes / station

•• AllAll--sky (2sky (2ππsr) / 80M pixelssr) / 80M pixels

•• Target objectsTarget objects
•• Precise ID of EHECR sourcesPrecise ID of EHECR sources
•• Discovery of VHE phenomenaDiscovery of VHE phenomena

•• VHEVHEννsourcessources
•• Transient sourcesTransient sources
•• New particle interactionNew particle interaction

•• Imaging air Imaging air CerenkovCerenkov &   &   
fluorescence with CCDfluorescence with CCD

•• AllAll--sky Survey     => sky Survey     => 22ππsrsr
•• Higher resolution => Higher resolution => 1 1 arcminarcmin
•• Simultaneous observationSimultaneous observation

••　　TeVTeVγγ, , 
••　　EHEEHE　　p/p/γγ, , 
••　　VHEVHEνν



Plan & Targets of ASHRAPlan & Targets of ASHRA
2002 2003 2004 2005 2006 2007

Phase 0Phase 0R&D R&D 

11stst TeVTeVγγ obsobs. with II+CCD. with II+CCD

Crab peakCrab peak

Production & test of prototype Production & test of prototype 
subsub--telescope telescope 

Phase Phase １１

1+1/3 1+1/3 station ($5M)station ($5M)

AllAll--sky surveysky survey

TeVTeVγγ, , EHEEHEνν,EHECR,EHECR

Phase 2Phase 2
•　＋＋2 2 station (+$10M)station (+$10M)

••　　Full allFull all--sky observationsky observation

TeVTeVγγ、、EHEEHEν、ν、UHECRUHECR



Pixel resolution & angular resolution Pixel resolution & angular resolution 

33mmφφmirrormirror
1 deg/Pix1 deg/Pix

33mmφφmirrormirror
1 deg/Pix1 deg/Pix

33mmφφmirrormirror
1 1 arcminarcmin/Pix/Pix

33mmφφmirrormirror
1 deg/Pix1 deg/Pix

33mmφφmirrormirror
1 deg/Pix1 deg/Pix

33mmφφmirrormirror
1 1 arcminarcmin/Pix/Pix

1arcmin

ASHRA
Angular Resolution

• < 1 arcmin at E > 1018.5eV

• 0.3 arcmin at E ~ 1020eV



Charge ID for particles from point sourceCharge ID for particles from point source

Knapp,Nucl.Phys.B (Proc.Suppl.) 75A (1999) 89

Longitudinal development Magnetic deflection from source

ASHRA 
σ~1 arcmin

ASHRA precise resolution 
=>  Substantial charge ID=>　Shower fluctuation is too serious 

to distinguish between p and γ.



ννID & ID & tautau--νν IDID

• Double Bang by Tau Neutrino
γ p Fe

Down ν

Up ν

νID with AS development

ASHRA

atmospher

Earth

Horizontal Air
Vertical Air

Earth SM

ν Interaction Length

• Extra Dimension• Earth-skimming Tau Neutrino



VHE neutrino objects

• p accelerators • GZK neutrinos

NGC4261 

1’-mesh
380 Arc Seconds

88,000 LIGHT-YEARS

Ground-Based Optical/Radio Image

EHECR EHECR
2.7K-CMB Earth

• Optically thick objects

Nucleus

Jet Jet　
Cocoon

Bow
shock Lobe

Shocked interstellar/ intergalactic medium

Hot spot



Gamma Ray BurstGamma Ray Burst
BeppoBeppo--SAX identified GRB with ~3 SAX identified GRB with ~3 arcminarcmin. resolution. . resolution. 

=> Multi=> Multi--wavelength Analysis (1997~)wavelength Analysis (1997~)

Ｃｅｎｔｒａｌ ｅｎｇｉｎｅ

Ｏｐｔｉｃａｌｌｙ ｔｈｉｃｋ ｒｅｇｉｏｎ

Ｉｎｔｅｒｎａｌ ｓｈｏｃｋｓ Ｅｘｔｅｒｎａｌ ｓｈｏｃｋｓ

？？

ＩＳＭ1−Γ 1−Γ

−+→ eeγγ

time

Luminosity
Kinetic energy

Shock dissipation
⇓GRB

Afterglow

ASHRA allASHRA all--sky sky γγ&&νν survey with ~1survey with ~1’’ resoreso. => New trigger. => New trigger



Optical System of ASHRA TelescopeOptical System of ASHRA Telescope

telescope base

heat insulation 
board 

electrostatic II

corrector lens

trigger system

light guideopt. filter

segment mirror

air-con.



ASHRA proto-1
Structure Analysis
Complete set of sub-telescope 
will be ready for test at the end 
of FY2002.



Optics with FOV 50Optics with FOV 50°°& Spot size 0.01& Spot size 0.01°°

••　　Modified BakerModified Baker--NunnNunn
•　3 collector lens
• Spherical reflector 
• Focal sphere

=> Feasible fabrication
=> Flexible optimization 

F/0.74

CollectorsCollectors

ReflectorReflector

Focal SphereFocal Sphere

NIM A492 (2002) 49

Spot σ~ 0.01°



Prototypes of optical elements
seg. mirror

• Roughness 6.4nm  << λ/8 ~ 40nm

• Internal loss negligible + 7% reflectivity 

• Anti-reflective coat =>  reflectivity < 0.5%.

• Spot σ~0.24mm < requrement



Focal sphere => =>　CCDImage intensifier
Lens I.I.

• 46 46 LpLp/mm => /mm => σσ~7~7μμm ~ CCD pix. sizem ~ CCD pix. size
•• magnification factor = 1magnification factor = 1

• 4.6 4.6 LpLp/mm =>/mm =>σσ~70~70μμm @ input surfacem @ input surface
•• magnification factor magnification factor ～～ 1010

photocathode
photon

gate pulse >5ns

phosphor screen

Proximity focused I.I.

Minimum 
modification of 
focal surface

commercial Our Lens I.I.



Photoelectric Image PipelinePhotoelectric Image Pipeline

Light guideLight guide
　　

MCPMCP
6060cmcmφφ

44cmcmφφ

CMOSCMOS--sensor sensor 
　　

TriggerTrigger

L1L1--triggertrigger

L2L2--triggertrigger

FOP FOP 
　　

Amp IIAmp IILens IILens II SplitterSplitter Gate IIGate IIDelay II

CMOS-sensor

Electric Shutter

DAQ

< 4 μs　(<100pix)

Gate II

20~100 ns
LL１１--TriggerTrigger
Global Gate 

< 30 ns

L2L2--TriggerTrigger
DAQ Request

< 300 ns

Cerenkov Trigger

DecisionDecision

(FPGA)

Trigger

Pixel Det.

128×128
FOP

Fluo. Trigger

SplitterSplitter

SplitterSplitter

Combined selfCombined self--triggertrigger Night Sky BG  ~ 0.02pe/10ns/TrgPix     
p-AS (>3TeV) ~ 1 kHz/Telescope



Trigger imager
128×128 pixels

Pad readout

Projection onto X & Y



CMOS Image Sensor CMOS Image Sensor 

with 2D ewith 2D e--shuttershutter

ＸＹ address　

２D e-shutter

Macro-cell readout

128×128 macro-cells



Prototype of CMOS Image SensorPrototype of CMOS Image Sensor

• Submitted to VDEC
– ３ｘ３ macro-cells

• Unit of 
(Reset, Shutter)　& Readout

– ４ｘ４ pixels/macro-cell

Total：３ｘ３ macro-cells1 macro-cell



Proto-IITeVγ Observation with proto-II

DAQ
30 frames/sec

(640×480 pixs)

Gate MCP

CCD

Splitter

ADC

Trigger gate

3mΦ-altazimuth telescope

I.I.
（FOV 1.9°）

、 Servo-amp.

100ｍｍφ

MAPMT
(8×8)

Lens I.I. MCP

Elec. crate Encoder

Electronics PC

PC

DIO

Delay I.I.

near camera

Feed-back control with RT-Linux
Trigger 

Trigger ratePC H.V. control



Single p.e. distribution with prototype II

Self-triggering  ⇒
• high S/N ratio of ~30
• very good separation 
of single photoelectron

Charge sum

CCD image of 
single photoelectron

0 p.e.

2 p.e.

1 p.e.

Dark current fluctuation obtained 
by artificial random trigger



ζ-tau Crab

Tracking precision & star lights

=> Tracking accuracy ~0.006°

1.9°

II+CCD Image of ζ-tau (mag. 3)

Lens-II view

discrepancy between 
center of gravity of image 
and expected source position

II+CCD Image of Saturn (mag. -0.4)
Saturn



Shower Event Examples
p- likeγ- like

1.9°

source



Crab observation @ Akeno 
with II+CCD

Note: Measured night sky BG at Akeno is 5~6 times larger than Utah.



Mrk421 observation @ Akeno 
with II+CCD

Continue the observation in Jan. – Feb. 2002.

TeVγ observation with ASHRA is really feasible.



MC performance: MC performance: TeVTeV--γ　γ　

• Energy threshold ~ 1 TeV @ 1600m alt

• No need of time-sharing 

=> Better pointing accuracy. 



MC performance: EHECR

Auger×10

p  1017eV

Stereo analysis

Stereo Event Rate (duty10%)

341020eV
2591019.5eV
13241019eV

Events/yrThreshold



AGASA super-GZK spectrum

13σ2.6σ4.0σC.L.
5.81.01.6exp.
36510obs.

AGASA

11yr

sys. shift -19% 

Auger　 1yr

ASHRA-I  2.7yr

ASHRA-II 1.2yr



Earth-skimming tauν
MC performance 

for EHEν

1.9
25.9
5.4
1.6
0.3
1.3

GZK ν
AGN-jet

AGN-core
GRB
TD

Z-burst

Events/yrModel



Neutrino sensitivity

VHEν流量と到達感度。E-2流束に対する90％CL上限値(直線)と1年の観測でエネルギー一
桁あたり１事象期待される流束(曲線)。天体の光学的厚さの極限におけるVHEν流量上限
の2直線(Obscured, W&B Limit)も示す。



SummarySummary
• Highly competitive with excellent cost-performance

50M

27

--

41

1.0~2.0

Gnd + 
Fluo.

[PMT]

2005 ?

Auger

200M?

16

--

--

0.4

Wat
Cerenkov

[PMT]

2010 ?

IceCube HiResAGASAASHRA-
phase2

6M2M12M　Cost ($)

<1

--

--

--

26

2

νs /  yr
AGN

(>1016 eV)    
GZK

6134　Protons / yr
(>1020eV)

0.5~0.81.0~2.00.01~0.02Point 
Accuracy(°)

Fluo.　
[PMT]

Gnd　
[PMT]

Fluo. + 
Cerenkov

[IIT+CMOS]

Det. Method
[Readout 
Device]

199819902007 ?Start Year

For fluorescence observation



The astronomy event of the new epoch could be the 
simultaneous observation of TeV-γ, neutrinos from 
cataclysmic events associated with the source of the 
EHE cosmic rays.

ASHRAASHRA is getting ready for starting up this challenge 
using advanced all-sky survey and 1 arcmin resolution
imaging techniques in a cost-effective way.



ASHRA CollaborationASHRA Collaboration

Now 25 collaborators in 15 institutesNow 25 collaborators in 15 institutes

T.Aoki, Y.Asaoka, Y.AraiA, S.InoueB, R.OgawaC, M.KawasakiD, 
K.KoriD, M.Sasaki, M.Jobashi, S.SugiyamaE, Y.TanakaF, 
T.TerasawaD, T.ToriiG, K.NakaiH, S.NagatakiD, S.NakamuraI, 
Y.HigashiA, T.FukunagaJ, T.Masuda, N.Manago, T.Morinaga, 
M.Sasaki, M.YamaguchiK, Y.WatanabeL, E.LohM, C.JuiM

ICRR Univ.Tokyo、KEKA、Max Planck Institute for AstrophysicsB、
Toho Univ.C、Univ.TokyoD、National Astronomical ObservatoryE、

Nagasaki Institute of Applied ScienceF、Waseda Univ.G、Tokyo 
University of ScienceH、Yokohama National Univ.I、Tokyo 
Metropolitan Univ.J、Tohoku Univ.K、Tokyo Institute of 
TechnologyL , Univ.UtahM



PPtt w.r.t. arrival directionw.r.t. arrival direction

ATLAS TDR 15, CERN/LHCC 99-15 (1999)

Pt dist. in LHC minimum bias events

Only soft process

• 1st interaction：
– Soft process dominant.
– Pt~　0.3GeV

• PYTHIA simulation
– Low rate for Pt > １GeV

• Boost to EHECR system
– 0.7×1017eV (AS)  

<= 14TeV (LHC) 
– γ~0.7×104



2. 2. Online reconstruction for the shower plane.Online reconstruction for the shower plane.

4. 4. Measure the laser lights scattered Measure the laser lights scattered 
at the axis by multiple stations.at the axis by multiple stations.

3. 3. Scan laser lights toward the AS axis.Scan laser lights toward the AS axis.

2. 2. Online reconstruction for the shower plane.Online reconstruction for the shower plane.

New Simultaneous New Simultaneous LidarLidar MethodMethod1. 1. EHECR AS is detected.EHECR AS is detected.

••Solve out  transmittance T(X) Solve out  transmittance T(X) 
without any model assumption without any model assumption 
event by event.event by event.

••Timely varying atmospheric Timely varying atmospheric 
irregularity can be treated irregularity can be treated 
well. well. 

••Systematic errors on primary Systematic errors on primary 
energy and PID can be nailed down.energy and PID can be nailed down.

••Under development.Under development.



高解像度による感度の向上高解像度による感度の向上

• ピクセルS/N：
　∝(集光面積/角解像度)1/2

　ＡＳ横広がりが無視できる場合のみ

イベント中最大の
ピクセルS/Nの平均

ＡＳ横広がり無視の場合の予測

L

t ∝L, S∝L, B∝L3 t ∝L, S∝L2, B∝L3



Progress of OpticsProgress of Optics

• ASHRA ASHRA …… BakerBaker--NunnNunn
• FOV ~ 50 °/ Telescope

• Focal spot size ~ 0.01°

• TA TA …… DaviesDavies--CottonCotton
• FOV ~ 16 °/ Telescope

• Focal spot size ~ 0.3°



Progress of Imaging DeviceProgress of Imaging Device

• ASHRA ASHRA …… IIT+SSIIT+SS--ImagerImager
• 3K×3K~10M pixels/tele.

• Pixel res. ~ 0.015°(=1’)

• 4 outputs / 10M pixel

• TA TA …… PMT+ADCPMT+ADC
• 16×16 = 256 pixels/tele.

• Pixel res. ~ 1°

• 256 outputs / 256 pixels

TA Signal TA Signal FInderFInder v3.0v3.0
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