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v -ray-loud BL Lac & EHECR

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

 EGRET & BL Lac (Veron2001) catalog => Selected 14 objects.
*AGASA 39 events (>4x 10%9%V) + Yakutsk 26 events (>2.4x 10%V)

Spectrum of protonsfrom AGN

Significance of correlations

at angular scale d :
10-1 nzs | ]
. - all particles y p — e+e‘p -
10- S [ Srs, ! -
& | F
100 - | -
e e i
1+ E o F 'Iﬂ?%) | * -
. ) L F with < without L
105 13 coincidenceswhile2 | | & p profons @ ™ uti -
expected for uniform BG | | = ! -:f"% LHOR, 7%
{0-¢ i
—2 70 yp-A 1N
10-% AT RTTRTETET] PrufSTRINI REveriviv] [RETRIRTHI IAAT [ITRTRITaRINEaT 107 TS B ETTY T T ST ST BT T
| 2 3 il 5 G T f 10™ 10" 10" 10" 10" ™ 10" 10*"
0 E, eV

Prob. from BG fluctuation up to Emissivity & Spectrum can be reproduced.

galactic mag. field model & charge
assignment => Prob = 104~10"7 Clusters => EG Mag. field L .,,,~1kpc




v &v from AGN

After p acceleration in AGN-jet,

Narrow Line photo-pion processes:
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VHE particle detection
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Alr Cerenkov Detector
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TeV Gamma-ray Souces
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Akeno Giant Air
Shower Array
(AGASA)

(x 8). Other types (x 19)
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Reconstruction is fully MC-
dependent.




Number of particles

Alr fluo. detector (HIRes)

One of two stations.
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AUGER

Southern hemisphere Auger
(Mendosa, Argentina)
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Pierre Auger Observatory
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ASHRA

e Target objects
e Precise ID of EHECR sources

 Discovery of VHE phenomena

e VHEV sources
e Transient sources
* New particle interaction

e Imaging air Cerenkov &
fluorescence with CCD
o All-sky Survey => 211 or
e Higher resolution => 1 arcmin
e Simultaneous observation
e TeVy ,
« EHE ply ,
 VHEV

« ASHRA station
o 3 stations in a desert (phase?)
» 12 telescopes/ station
. AII-skyr(an sr) / 80M pixels




Plan & Targets of ASHRA
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18 TeVy obs. with 11+CCD Phase
Crab peak 1+1/3 station ($5M ) Phase 2 I

Production & test of prototype ) i .
sub-tel escope All-sky survey 2 station (+$10M)

i

Tevy ,EHEv .EHECR ¢ || all-sky observation




Pixel resolution & angular resolution
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Charge ID for particles from point source

Longitudinal development Magnetic deflection from source
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ASHRA precise resolution
=> Substantial charge |ID

=> Shower fluctuation 1S too serious
to distinguish between p and



v ID & tau-v ID

v ID with AS devel opment » Double Bang by Tau Neutrino
atmospher . Y% + X (Nucl. Recoil)
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VHE neutrino objects

* p accelerators e GZK neutrinos

NGC4261



Gamma Ray Bur st

Beppo-SAX Identified GRB with ~3 arcmin. resol ution.
=> Multi-wavelength Analysis (1997~)

ASHRA al-skyy &v survey with ~1’ reso. => New trigger




Optical System of ASHRA Tel escope

opt. filter Ilghtgwde _' e

F
y el




ASHRA proto-1
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I e g Structure Analysis
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Complete set of sub-telescope
will be ready for test at the end
of FY 2002.




Optics with FOV 50° & Spot size 0. 01°

e Modified Baker-Nunn

* 3collector lens - Wm_ |
Spherical reflector

* Focal sphere o
=> Feasible fabrication
=> Fexible optimization
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Prototypes of optical elements

il 5 =

e Roughness 6.4nm << A /8 ~40nm
« Internal loss negligible + 7% reflectivity * Spot 0 ~0.24mm < requrement

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



al sphere = : -
TP | mage intensifier

1. Proximity focused |.1.

Input Window
photocathode MLF
¢ Micro Channel Plate?

photon phosphor screen
¢ 16-25mm

gate pulse >5ns

* 4.6 Lp/mm =>0 ~70y m @ Input surface e 46 Lp/mm =>g ~7y m ~ CCD pix. size
» magnification factor 10 « magnification factor = 1

Minimum
modification of
focal surface




Photoel ectric Image Pipeline
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Trigger Imager
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CMOS | mage Sensor address

D e-shutter
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Prototype off CM OS | mage Sensor

e Submitted to VDEC

— macro-cells
e Unit of
(Reset, Shutter) & Readout
- pixelmacro-cell

W
.
]

_ﬂtﬁra mgﬁg-‘jﬂrgrﬂﬂﬁmm;;‘;ﬂ —
S g e o

g IH I
N |1|;1 '}
H

1 macro-ceall



TeVy Observation with proto-1| ‘ Proto-|

3m® -altazimuth telescope

Elec. crate Enccl)der Servo-amp. <

Feed-back control with RT-Linux

Electronics

lnear cameral

1 DAQ (640x 480 pixs)
—— 5, PC [30frames/sec
{ A *»_:_
"l.ﬁ , e PC B Trigger rate
e » H.V.control




Single p.e. distribution with prototype ||
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Tracking precision & star lights

: . _T_Jl::"F
Saturn e .
12

A
discrepancy between
. center of gravity of image
19 and expected sour ce position
\ 4

=> Tracking accuracy ~0.006°



Shower Event Examples
p- like

Data: 2002.11.9 EVENT MNo_ 488277
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Crab observation @ Akeno
with [1+CCD

Very Preliminary

[

—8— On Source (10.3 hr)
—— Off Source ( 7.4 hr)
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Note: Measured night sky BG at Akeno is 5~6 times larger than Utah.



Mrk421 observation @ Akeno
with [1+CCD

Mrk421 2003/1/1 - 1/5

®— On Source (14.2 hr)
—— Off Source ( 5.7 hr)

B0 a0
(degree)

Continue the observation in Jan. — Feb. 2002.
TeVy observation with ASHRA isreally feasible.
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M C performance:. EHECR

AStation ASHRA (100 & duty cvde)
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AGASA super-GZK spectrum

Auger 1yr
ASHRA-I 2.7yr
ASHRA-I1 1.2yr

J(E) E* [m~2sec™!sr"eV 2]

1.0 | 5.8

2.60




Earth-skimming tau v

MC performance .

Iri_,...a-" N _.-“_;LQ

for EHEV AN

e [P IS |5.t1..1l 1
i 1

W AGN-jet
AGN-core
GRB
TD
Z-burst




Neutrino sensitivity
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Summary

e Highly competitive with excellent cost-performance

For fluorescence observati

ASHRA- Auger |ceCube | AGASA HiRes
phase?
Start Year 2007 ? 2005 ? 2010 ? 1990 1998
Det. Method Fluo. + Gnd + Wat Gnd Fluo.
[Readout Cerenkov Fluo. Cerenkov | [PMT] [PMT]
Device] [IT+CMOS] | [PMT] [PMT]
Point 0.01~0.02 1.0~2.0 04 1.0~20 | 05~0.8
Accuracy(°)
Protons/ yr 34 41 -~ 1 6
(>10%%V)
vV s/ yr 26 27 16 -- <1
AGN
(>10%eV)
GZK 2 = = -- --
Cost ($) 12M 50M 200M ? 2M 6M




The astronomy event of the new epoch could be the
simultaneous observation of TeV-y , neutrinos from

cataclysmic events associated with the source of the
EHE cosmic rays.

ASHRA 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 Collaboration

Now 25 collaboratorsin 15 institutes

T.Aoki, Y.Asaoka, Y.Ara”, S.Inoue®, R.Ogawa‘, M.KawasakiP,
K.KoriP, M.Sasaki, M.Jobashi, S.SugiyamaF, Y .Tanaka',
T.Terasawa?, T.Torii®, K.Nakai", S.Nagataki®, S.Nakamurd,
Y .Higashi#, T.Fukunaga’, T.Masuda, N.Manago, T.Morinaga,
M.Sasaki, M.Y amaguchiX, Y .Watanabe-, E.LohM, C.JuiM

ICRR Univ.Tokyo KEKA Max Planck Institute for Astrophysics®

Toho Univ.© Univ.Tokyo® National Astronomical ObservatoryE
Nagasaki Institute of Applied Science~ Waseda Univ.¢ Tokyo
University of Science” Y okohama National Univ.! Tokyo
Metropolitan Univ.? Tohoku Univ.K Tokyo Institute of
Technology" , Univ.UtahM



P, w.r.t. arrival direction

P, dist. in LHC minimum bias events

o 18 interaction
— Soft process dominant.
— P~ 0.3GeV

 PYTHIA simulation
— Lowratefor P,> GeV

e Boost to EHECR system
— 0.7x 10V (AS)
<= 14TeV (LHC)
-y ~0.7x 10

oos PYTHIA 6,122 - A
~ . PYTHIA 6.122 - Modeld
— PYTHIA 5.724 - ATLAS
—— PHOJET 1.12

HERWIG 5.9

=

E+d’'o) dip N [mb/Ge\ & |

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



L EHECR AS is detected. New Simtaneous Lidar Method

; ' - *Solve out transmittance T(X
2. Online reconstruction for the shower plane. -2~ Solveout transmittance T(X)
o without any model assumption

%,:.3'%3_

: . N event by event.
3. Scan laser lights toward the AS axis. e 4

Timely varying atmospheric
iIrregularity can be treated
well.

4. M easurethelaser lights scatter ed
at the axis by multiple stations.

«Systematic errorson primary
energy and PID can benailed down.

Under development.
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Progress of Optics

« TA ... Davies-Cotton
e FOV ~ 16 ° / Telescope

 Focal spot size ~0.3°

=

« ASHRA ... Baker-Nunn
* FOV ~50° / Telescope




Progress of Imaging Device

« TA ... PMT+ADC
» 16% 16 = 256 pixels/tele.

e Pixel res. ~ 1°

« ASHRA ... IIT+SSImager
e 3Kx 3K~10M pixeldtele.
* Pixel res. ~0.015° (=1")
e 4 outputs/ 10M pixel

256 outputs/ 256 pixels

— T —

—— = =
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