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TenTen Project

mEffective area of 10 km* at energies 10 TeV and above

m Stereoscopic array of 30 ~ 50 telescopes (full scale)
Cost—effective design:

» |[nter—-telescope spacing exceeding 250 m
»Mirror area 10 ~ 20 m?
»Field of view 5° ~ 10°

Roughly one order better sensitivity than that of H.E.S.S.

W Best site in Australia
Dry, flat, and low altitude field

mStart with 1 cell (~ 4 telescopes) in Australia
Long exposure (several 100 hr) — key science of the full scale



Scientific Motivation

M Highest energy frontier of photon astrophysics

WOrigin of Galactic cosmic rays
Shell-type SNR is the origin up to the knee?

mRX J1713.7-3946 spectrum

measured by H.E.S.S.
Cut—off @ 18 TeV
Slower cut—-off around 10 TeV

expected
»E.g. Kelner et al. 2006

No evidence up to the knee

— Combined fit
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TenTen Concept (Plyasheshnikov et al. 2000)

® Cherenkov plateau
=) i B Radius ~ 150 m

® Cherenkov tail observable

with larger aperture
Expand effective area

W Wider FOV necessary

BmEffective area is a

function of:
Telescope aperture
Telescope span
Field of view




An Extension Plan

®“Mobile telescope array”

Cream skimming of various arrays
Reduce the risk in array optimization

2 & & & &
High Sensitivity High Angular & Energy Res.
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R & D Plan

| ow power consumption system & high capacity battery
Make the telescopes independent of the power |ine

W Automatic calibration of the telescope attitude

Many telescopes — reduce the burden of manual measurements
More measurements in the mobile telescope array

WMobile telescope design
Carrying vehicle?

mSolar panel



Low Power Consumption System (1)

W Reuse of a flash ADC sampling range with multiple channels
Relative timing offsets with optical delays
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Low Power Consumption System (2)

W Capacitor array

Analog Memory Cell (AMC)
» KEK, U Tokyo, Kyoto U
Power consumption < 10% of FADC

wSampling range ~ 50 ns
Longer telescope span

— Wider (herenkov pulse 400 m from the core (Stamatescu et al. 2007)
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Automatic Calibration of the Telescope Attitude

®w Absolute calibration with a GPS compass
Real Time Kinematic (RTK)

» Carr ier phase measurements

» Absolute accuracy < 0.1°

Next talk by Nakayama (ICRR)




R & D Schedule

wKonan telescope at Mt. Oya — Akeno
Repair work necessary

W Developed system will be installed
32 channel camera

W Test observations

Shower images
Gamma rays from the Crab?




Summary

¥ TenTen project
Effective area of 10 km* at energies 10 TeV and above
Best site in Australia
Long exposure with 1 cell — key science

mR & D ongoing
Low power consumption system

» Reuse of an ADC sampling range with multiple channels
» AMC circuit for DAQ

Automatic calibration of the telescope Attitude with GPS
Test observations scheduled at Akeno



Backup



TenTen Sensitivity
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Figure 1: Minimum detectable point source energy flux vs. energy for various space and ground-
based +-ray instruments. The appraximate TenTen sensitivity is indicated bottom right (A 50
significance detection above background in 50 hours observation time is demanded). TenTen will
considerably improve on H.E.S.S. and extend the upper energy coverage to ~100 TeV.



Scientific Motivation (2)

W Hard spectra of Galactic H.E.S.S. Sources
Better S/N at high energies

H.E.S.S. Galactic Sources |
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Large Effective Area |s Necessary

mSensitivity:

N, = N Fry Aefr ey oy A2

,],
= xX —
VNB  /FpQA.x ptep ngﬂlﬁ ot

F: flux

(2: field of view in solid angle

t: observation time

e: efficiency of v-ray image selections
Acr = A~ X Acgr, p (assumption)

1/2
Q = E’r’/EE{

Factor A;{f@ controlled relatively easily

Large effective area is necessary
Keep high Q — stereoscopic |ACT system

— |ACT array



Simulations

mEffective area of a cell

Net response of one telescope
A.:s(total) = A.(cell) X N

mConditions:

CORSIKA 6. 20

Gamma rays from a vertical
point source

Geomagnetic field in Woomera
Altitude: 160 m (Woomera)
Parabolic reflector (f = 1)
No blurring

No NSB

Hexagonal camera (0.25° pixel)
Trigger: 5 p.e. X 3 adjacent
pixels X any 2 telescopes
Trigger efficiency only
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Effective Area of a Cell (4.6° FOV)

10 TeVy, 10-Ring Camera (4.6 FOV) |
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Effective Area of a Cell (6.7° FOV)

10 TeVy, 15-Ring Camera (6.7 FOV) |
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Effective Area of a Cell (8.9 FOV)

10 TeVy, 20-Ring Camera (8.9 FOV) |
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Optimization of the Array Design

W Cost curve for one telescope:
Mount and mirrors: Cost o< D?*’ (D: aperture)

Camera and electronics: Cost o< N, (N,: number of pixels)
Total: Cost o< D*’ + aN,

Normal ization a assumed as:
»(5m)?” = a X 500 pixels

mMaximize the effective area with a fixed cost:

A.is(total) = Ais(cell) X N (N: number of telescopes)
Cost o< (D*7 + aN,) X N

Acis(total) oc Ag(cell) X Cost / (D*7 + aN,)

mSensitivity proportional to:
S = [Ase(cell) / (D*7" + aN,)]"?



Relative Sensitivity (4.6°
| 10 TeVy, 10-Ring Camera (4.6 FOV) | | 20 TeVy, 10-Ring Camera (4.6 FOV) |
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Relative Sensitivity (6.7° FOV)

10 TeVy, 15-Ring Camera (6.7 FOV) |
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Relative Sensitivity (8.9° FOV)
| 10 TeVy, 20-Ring Camera (8.9 FOV) | | 20 TeVy, 20-Ring Camera (8.9 FOV) |
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. Relative Sensitivity (Combined)
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