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Ashra Optical Transient Observation
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Abstract Ashra (All-sky Survey High Resolution
Air-shower detector is a project to build an uncon-

ventional optical telescope complex that images very

wide eld of view, covering 80% of the sky, yet with
the angle resolution of a few arcmin, sensitive to the
blue to UV light with the use of image intensier
and CMOS technology. The project primarily aims
to observe Cherenkov and uorescence lights from
the lateral and longitudinal developments of very-
high energy cosmic rays in the atmosphere. It can
also be used to monitor optical transients in the wide
eld of sky. The observatory will rstly consist of one
main station having 12 detector units and two sub-

= parallel self-trigger: the systems that trigger sepa-
rately for atmospheric Cherenkov and fluorescence
lights.

A. Observational Objectives

optical transients; Ashra will acquire optical image
every 6 s after 4-s exposure. This enables us to ex-
plore optical transients, possibly associated with gamma
ray bursts (GRBs), flares of soft gamma-ray repeaters
(SGRs), supernovae explosion, and so on, in so far as
they are brighter than B ' 13 mag, for which we
expect 3-% signals. The unique advantage is the on-
time detection of the events without resorting to usual

stations having 8 and 4 detector units. One detector satellite alerts. 10» 20 events per year are expected in
unit has a few light collecting systems with segmented coincidence with the Swift gamma-ray events. The field

mirrors. The main station was constructed on Mauna
Loa (3,300 m) in 2007.

We already have searched for optical and VHE-
neutrino emissions with some of the light collec-
tor units in the Ashra-1 detector [3] on Mauna
Loa on Hawaii Island. for example, in the eld of
GRBO081203A [1] around the BAT-triggered GRB
time (T0). We present the GRB optical transient
search around the satellite trigger time.
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1. PROJECT

The observatory will firstly consist of one main station
having 12 detector units and two sub-stations having 8
and 4 detector units. One detector unit has a few light
collecting systems with segmented mirrors. The features
of the system were studied with a prototype detector unit
located on Haleakala. The main station was constructed
on Mauna Loa (3,300 m) in 2007.

The key technical feature of the Ashra detector rests
on the use of electrostatic lenses to generate convergent
beams rather than optical lens systems. This enables us
to realize a high resolution over a wide field of view.
This electron optics requires:

> image pipeline; the image transportation from

imaging tube (image intensifier) to a trigger device
and image sensors of fine pixels (CCD+CMOS),
with high gain and resolution, and

of view that is wider than satellite instruments allows to
detect more optical transients, including an interesting
possibility for an optical flash, not visible with gamma
rays.

TeV gamma raysAtmospheric Cherenkov radiation will
be imaged by Ashra. Requiring the signal-to-noise ratio
(SNR) >5, the system will allow to explore VHE
gamma-ray sources with the energy threshold of several
TeV at the limiting flux sensitivity of 5% Crab for 1-
year observation.

EeV cosmic raysiFor fluorescence lights from VHE
cosmic rays the effective light gathering efficiency is
comparable with that of the High Resolution Fly’s Eye
detector (HiRes). The arcmin pixel resolution of Ashra
provides finer images of longitudinal development pro-
files of EeV cosmic ray (EeV-CR) air showers. The res-
olution of arrival direction with the stereo reconstruction
is thus significantly improved and it is better than one
arcmin for the primary energy of EeV and higher [6].
This is useful to investigate events clustered around the
galactic and/or extragalactic sources. This in turn would
give us information as to the strength and coherence
properties of the magnetic field.

PeV-EeV neutrinosAshra may detect Cherenkov and/or
fluorescence signals generated from tau-particle induced
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Opt. Transients TeV-° Mountain-° Earth-skimming-° EeV-CR
B-UV Cherenkov Cherenkov Fluorescence Fluorescence
, =300» 420nm several TeV a few 100 TeV a few 10 PeV a few 100 PeV
15 mag./4s @3% | 5% Crab/lyr@5% | 5 WB-limit/lyr 2 WB-limit/1yr 1600/1yr > 10 EeV
2 arcmin 6 arcmin unknown 3 arcmin @ 100 PeV | 1 arcmin @ 10 EeV
TABLE I: Summary of performance with the full configuration (Ashra-2) of three Ashra sites. Detected light,

energy threshold, sensitivity limit, and angular resolution are listed from top down for each objective. For EeV-CRs,
trigger requirement is two or more stations. Waxman and Bahcall have calculated a neutrino flux upper limit from
astrophysical transparent source, here referred to as the WB-limit. For the observation time for objectives other

than optical transients, the realistic detection efficiency is taken into account.

air-showers that is generated from interactions of tau
neutrinos with the mountain and/or the earth. This is
identified by peculiar geometry of the air-shower axis.

The 1-year detection sensitivity with the full configura- gm‘.’:
tion of Ashra is 5 and 2 times larger than the Waxman- ~ Z1eo0]
Bahcall limit for mountain-produced event (Cherenkov) mo-—
and earth-skimming event (fluorescence), respectively. C
The most sensitive energy of around 100 PeV is suitable 1400
for the GZK neutrino detection. 1200
The expected performance for each observational object '
is summarized in Table I. 800
II. TEST OBSERVATION 00—
We have constructed a 2/3-scale prototype Ashra 400
detector and a 3m-diameter altazimuth Cherenkov tele- C
. . . 200—

scope on Haleakala to verify the optical and trigger 8 _ - :

Cololeiio] A P P |

performances. From October 2004 to August 2005 at
the observatory, We made good observations for 8§44
hours out of 1,526 hours of the moonless nighttime.
The efficiency is 55% of the moonless nighttime and
11% of entire time. This inefficiency is due primarily to
bad weather.

The fine resolution (arc-minutes) in the ultra wide
field of view (0.5 sr) has already been demonstrated
using a 2/3-scale model. Fig. 1 shows an example of a
50-degree FOV image in which the constellations Taurus
and Orion can be clearly identified with the 2/3-scale
prototype. The inset, a two-degree square window, shows
a close-up view of the Pleiades.

Our wide field observation covered the HETE-2
WXM error box at the time of GRB041211. 2,000
images were taken every 5 s with 4-s exposure from
the time 1h7m before GRB041211 to 1h41m after
GRBO041211. We detected no objects showing time vari-
ation in the WXM error box. It indicates the 3-sigma
limiting magnitudes of B» 11.5 magnitude [7]. This is
compared with other observations [8] [9]. We also suc-
cessfully performed two more observations coincident
with Swift: GRB050502b [10] and GRB050504 [11].

III. SITE PREPARATION

After finishing the grading work for the area of
2,419 m? at the Mauna Loa site at the end of July 2005,
installation of electrical power lines and transformers
was performed until the beginning of September. We
started the construction of the detector in October 2005
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Fig. 1: Example of a 42-degree FOV image taken by

the Ashra light collector. The solid lines are drawn to
indicate constellations.

after receiving materials from Japan. By the middle
of December 2005, the first shelters having motorized
rolling doors, acrylic plate windows to maintain air-
tightness, and heat-insulating walls and floors have been
constructed and positioned on eight construction piers of
concrete blocks at the Mauna Loa site. In the shelters,
the optical elements of the light collectors have been
already installed. The optical performance were checked
and adjusted to be optimum with star light images from
the pilot observation.

In December 2005, we evaluated the night sky back-
ground flux on Mauna Loa using the Ashra light collec-
tor installed and aligned in a shelter. The result is fairly
consistent with the background in La Palma and Namibia
by the HESS group From the star light observations,
our understanding of the light correction efficiency to
be accurate within 5% level.

The civil engineering construction of light collectors
in shelters at the Mauna Loa site was completed in
August 2007. Figure 2 shows a picture of the constructed
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Mauna Loa stations. In this Ashra-1 experiment, we are
performing device installation and specific observation
in a step-by-step way to enhance the scientific impacts.

Fig. 2: The Ashra main and sub stations at the Mauna
Loa sites.

IV. OBSERVATION
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Fig. 3: Summary of Ashra optical transient observation.

As a first step, we have started the observation of
optical transients. During observation, Optical images
were constantly collected every 6 s after 4-s exposure.
Fig 3 summarizes our observation statistics up to now.
Maximum observable time is defined by the following
condition:

2 Sun conditionthe altitude of the sun must be lower

than j 18 degree.

2 Moon condition;the altitude of the moon is lower

than 0 degree, or the moon fraction is less than 0.2.
We have accumulated more than 1400 hours of observa-
tion time within less than one year of observation. Good
weather rate of 90% shows the superiority of our site and
operation efficiency of 99% demonstrates the stability
of our operation, where good weather rate is defined
by observable time divided by maximum observation
time and operation efficiency is defined by observed
time divided by observable time. Tablell summarizes
coincidence events with satellite GRB triggers[12][13].
In those events, our wide field covers the GRB position

at the GRB trigger time. Observed period shows the time
period relative to GRB trigger time. In this time period,
the GRB position is within our filed of view.

The next step is to start observation of Cherenkov air
showers using the light collector towards Mauna Kea.
It may detect Cherenkov signals originated from tau
neutrinos which interacts with the mountain and/or the
earth as described in Section I-A. We have prepared the
optical and photoelectric image pipeline system in that
light collector [14]. The installation of trigger and DAQ
system is in progress now. Pilot observation to confirm
the detection principle of tau neutrino has been carried
out [14].
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Fig. 4: Trajectory of the GRBO81203A counter part in
the field of view.

V. GRB081203A: SEARCH FOR EARLY OPTICAL
AND VHE-NEUTRINO EMISSION

The Ashra-1 light collector unit has the achieved
resolution of a few arcmin, viewing 42 degree circle
region of which center is located at Alt = 11.7 deg, Azi
=22.1 deg. The sensitive region of wavelength is similar
with the B-band. We preliminary analyzed 83 images
covering the field of GRBO81203A every 7.2s with
6s exposure time respectively during the observation
between T0-300s and T0+300s. We detected no new
optical object within the PSF resolution around the
GRBO081203A determined by Swift-UVOT [2]. Around
the Swift-BAT trigger time, we have obtained data in
every 7.2 seconds with 6sec exposure. The examples of
obtained preliminary S/N (signal to noise ratio) maps
including the trigger time can be found at [3]. As
a result of our preliminary analysis, the following 3-
sigma limiting magnitudes are derived. The limiting
magnitudes were estimated in comparison with stars in
Tycho-2 Catalog to be distributed between 11.7 and
12.0. Figures of limiting optical magnitudes vs time
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Trigger Time

Observed Period [sec]

080828 UT 08:15:09.33
080910 UT 12:52:21.68
081203 UT 13:57:11.57
090428 UT 10:34:38.46
090429 UT 12:43:25.70

23£10° - 1.1£ 107
-43£10% — 7.7£ 103
-1.2£ 10* - 5.6£ 103
-8.1£ 108 — 5.9£ 103
-4.1£ 103 - 7.1£ 108

4
Satellite | Trigger Number GRB Name
Swift 322590 N/A
Swift 324362 N/A
Swift 336489 GRBO081203A
Fermi 262607680 GRB090428
Fermi 262701807 GRB090429C
TABLE II:

Summary of coincidence events with satellite GRB triggers[12][13]. Listed events are those which

GRB trigger position are within our FOV at the GRB trigger time.

comparing with the other measurements are shown in
Fig. 5.
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Fig. 5: Summarized lightcurve around the trigger time.
3-sigma limiting magnitudes of the test observation
with the Ashra prototype and comparison with other
observations for GRBO81203A as a function of time
after GRB. The horizontal axis is in linear scale. The
vertical axis in the right is only for the data by Swift
XRT (gray data), where the scale is arbitrary.

Adding that we have searched for VHE-neutrino emis-
sion with the primary neutrino energy above 106 eV by
detecting Cherenkov lights from tau-decay induced air-
showers. VHE neutrinos are expected to be produced
at the GRB behind Mauna Kea and converted into tau
leptons in the mountain rock. The GRB position was
passed through our triggering fiducial region viewing
onto the face of Mauna Kea from 11:07UT to 11:49UT
(2.83 hours to 2.13 hours before the GRB). We have
no signal come out of the mountain. The preliminary
limiting flux is shown in [14].
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