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Original ”Telescope Array”

FIG. 2.1: Station deployment of Telescope Array.

covers 18.5◦–34◦. A total of 40 reflecting telescopes with 3 m φ mirror is installed in a
station. It covers 360◦ in azimuth and is sensitive to the cosmic rays falling within ∼ 60
km of the station. The cosmic rays above 1018.5eV will be measured simultaneously by 2
or more stations and the stereo reconstruction will be applied. The cosmic rays below this
threshold will be measured by a single station down to 1016eV. These low energy events
are close to the station and a monocular reconstruction of the geometry will be applied.

The development of the shower in the atmosphere is recorded by the imaging camera
placed on the focal plane of each telescope. It is composed of a 16 × 16 matrix of hexagonal
photomultipliers (PMTs). The field of view covered by one PMT (pixel size) is approxi-
mately 1◦ × 1◦. The signal from the PMT is digitized every 200 ns with a 12-bit resolution.
The dynamic range of 16 bits is achieved by the 2-range (H/L) digitization scheme. Each
channel is equipped with a digital signal processor (DSP) and a sophisticated signal finding
algorithm will be executed for generating a trigger.

A steerable laser is placed at the center of each station. It will be used to determine the
extinction coefficient of the fluorescence light along the transmission path to the telescope.

2.2 Site and Infrastructure

The Telescope Array requires a vast extent of land with good atmospheric transparency,
good weather and dark night sky free from the light pollution by human activities. At
the same time, contradictory conditions of good infrastructure such as the access road,
power line, computer network and communication are desirable for the construction and
operation of the experiment.

the ground level. Theses sites are remote and the construction of access road to the top of
the knoll is required. The night sky is very dark for these stations. Other stations, mainly
in the southern part of the TA acceptance, are on the small plateau and the elevation with
respect to the surrounding land is not large. The access is easier but the road and farming
land suggest a possible disturbance to the measurement by higher human activities. There
is a large lake (Sevier Lake), a small town (Delta) and a power plant (Intermountain Power
Plant) in this region. Although these are no essential obstacles to the first sight, we intend
to carefully investigate the difference of the night sky background and the atmospheric
clarity between the northern and southern sites.

FIG. 2.2: Plan and cross sectional view of the telescope housing.

The site will be flattened to install a station building shown in Fig. 2.2. The building
has a diameter of ∼ 30 m and the height of ∼ 10 m. A gravel road with the width of ∼
15 feet will be made from the nearby public road to the site on top of the hill. The station
requires approximately 70 kWatt of electricity for the electronics, computers and associated
installations such as the air conditioning and the rolling door of the station building. It will
be supplied from the nearest power line. In case the available power line is far away from
the station, we intend to install a local power generator. A Uninterrupted Power Supply
(UPS) system and a small generator with limited capability will be installed for the safety
operation of the station for emergency cases when the power is interrupted.

The computer network connection to the TA site is indispensable; it will be used for
the real time data exchange for the intersite trigger and laser shooting, remote control
and monitoring of the data acquisition, collection of the acquired data from each station
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Fig. 1. The Hybrid TA (left panel) is composed of 576 plastic scintillation counters
covering the ground area of 760 km2 and 3 fluorescence telescope stations (right
panel) surrounding the ground array and looking inward.

model also expects a concentration of the sources in the center of the galaxy. A
realistic test of Lorentz invariance becomes possible when we identify the source
objects of EHECR and measure the distance to the source. The detection of heavy
nucleus as a major composition of the EHECR, on the other hand, excludes most
of the particle physics origin and directly leads us to the shock wave acceleration.
Thus, we expect the TA and the other next generation EHECR experiment will
give a clear answer to many of these hypotheses.

The experimental situation around the GZK cutoff became unclear when
the HiRes group submitted a paper[6] recently on the first measurement of the
energy spectrum and concluded that it is consistent with the existence of the
GZK cut-off. Discussions after the submission of the paper can be summarized
as follows;

• Taking a systematic uncertainty of the energy determination by two groups,
25% for HiRes[6] and 18% for AGASA[7], the claim of neither group on the
existence of the GZK cutoff has a statistical significance higher than 3 σ.

• Below 1020eV where the comparison can be made with enough statistics, the
energy spectra of both agree perfectly well, if we remake the HiRes spectrum
by increasing the energy of all HiRes events by 25%, or by decreasing the
AGASA energy by the same amount.

It is clear that the key of resolving the issue is the higher statistics and better
understanding of the systematics. This can be best achieved by a large hybrid
experiment making a simultaneous measurement with an AGASA type air shower



Original ”Telescope Array” à TA FD @ BRM and LR sites

Specification for the optics system of Telescope Array
Ver.9907

External Condition

1. Angular Resolution +-0.2 deg
2. Spot size (F 1.0 spherical mirror) 0.5 deg (average) --- 30mm
3. P.M.T. Diameter 59.5 +- 0.5 mm

61mm spacing
4. Telescope F.O.V. 18 deg x 15.5 deg
5. Elevation Angle Coverage 3 - 34 deg

Specification of Segment mirrors
a) Mirror curvature and focal length
L =  0.488 x R = 0.976 x R/2  (Between Mirror and PMT)
Best Focus R = 6067mm, f = 3107mm, L= 2960mm
b) Spot Size of segment mirror at R ~20mm

Spot Size for Parallel beam at f ~10mm (0.2deg)
c) Allowance for mirror curvature +-40mm
d) Thickness 10mm - 15mm (maker depend)
e) Material Plexi glass / Float Glass
f) Orientation on X-Y plane 0.1deg

Specification of Mirror System
a) Allowance for optic axis direction after calibration
<+-0.07 deg (1/3 of ang. res.)
b) Adjustment resolution of segment mirror direction (screw pitch)
<0.03 deg (1/2 of optic axis)
c) Allowance for the distance between mirror and Camera

+-3mm ( 0.02deg shift at the edge of FOV)
d) Tilt of Camera frame +-0.07deg (~1mm 1/3 of ang .res.)
e) Gap between segment mirrors 2-3cm
f) Z-direction adjustment for seg. Mirrors not necessary
g)Z-direction adjustment for camera not necessary / +- 10mm



TA FDs at Black Rock Mesa and Long Ridge sites

HV PS:
individual HV

Electronics design was changed from “original”
= Newly designed for BRM and LR FDs



TA FDs at Black Rock Mesa and Long Ridge sitesSignal Digitizer / Finder (SDF)

Signal trigger (hit condition, Lv-1 trigger):

S/N ratio for 1.6, 3.2, 6.4 or 12.8 us window

exceeds  6 sigma -> Lv-1 trigger -> TF

16 input channel/board, Recorded waveform: 51.2 us

Resolution: 14 bit, 100 ns, Dynamic range: 7,000 p.e./100ns

Track Finder (TF)
Track trigger (Lv-2 trigger):

> 5 adjoining hits in a camera or > 3 adjoining hit on a boarder

within 25.6us -> Lv-2 trigger

Central Trigger Distributor (CTD)
Mirror, Inter-mirror, External trigger -> Lv-3

Distribute Lv-3Trigger to all the FDs

GPS, System clock

Reset/Interrupt



Flat surface of the FD cameras

Flat surface of camera 3.3 m dia.

FOV: 3o – 18o x 18o

17.7o – 33o x 18o

Mirrors
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camera
60 mm Hex.,256 PMTs
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PMT surface

We DO NOT use “Mercedes” , because…
- Negative HV on PMT
- Quality control (stable surface reflectivity)
- large photon injection angle on PMT surface
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PMT: HAMAMATSU R9508

Filter: BG3

camera
60 mm Hex.,256 PMTs



PMT electronics
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HV divider circuit with 

pre-amplifier

camera
60 mm Hex.,256 PMTs

Negative HV 

We use Zener diodes in the HV divider 
circuit in order to reduce gain variation 
due to a large PMT current

DC coupling to measure DC current



Calibrations of FD camera

resolution: absolute ±1.0 mm, relative±0.5 mm

light source: UV LED, 365 nm, φ ~1 mm

(1) Absolute (in lab.)

CRAYS: Laser(337.1 nm)-Rayleigh scat. 

YAP： 241Am+YAl03:Ce

3 PMTs/CAMERA (+-7%)

(2) Relative (on site)

Xe flasher (+-1% +-1% +-0.5%)

(3) Uniformity (on site)

LED on large XY stage 

CRAYS

YAP (YAlO3:Ce+241Am)

XY stage

Xe flasher
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