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P T T View of One of Ashra-1 LCs

Taken after every 1s exposure
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Discovery of Optical Transients

2012-03-17 07:03*16



Air Shower: Excellent Tool of Astronomy

v, Simulation: E, = 10"%eV, E_=10"2eV, Event# 000069

27.6 PeV 1 = 3790 p.e.
29.0 PeV n° = 4145 p.e.
48.3 PeV 1" = 3703 p.e.
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Asaoka & Sasaki, Astropart. Phys. 41 (2013) 7-16



Light Collector

" “‘Ashra @ Madha L6a

— Modified Baker-Nunn

="« Components:

| — Correcting lens (1.0~1.2m¢)
with 3 acrylic cut plates

— Spherical mirror (2.2m¢)

with 7 curved glass plates on
adjustable tables.

— Photoelectric lens IT (0.5m¢) on
focal sphere suspended with
Stewart platform mechanism

— Mount structure with steel
channels for easy assembly

=> arcmin. resolution over 42deg FOV
~ => Very cost-effective



Imaging Test of 20” PLI

Output Image
Example

~300mm .
~ (OHP sheet)

Imaging Resolution Chart on Input Window




Same Fine Image to Multiple Triggers

Ashra-1 Pipeline Trigger & Readout
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Ashra-1 Observation Periods

BTN TR I TS

06.28 06.05_10.07 01.11 03.25

Installation Obs01 Obs02 Obs03

(1551hr) (2212hr) (1950hr)

Opt. Flash | =) ———————)  —— [ >
w w w N
Ceren. v_ Q - > S = [ >
Commiss. £ < =4
(197.1hr) & S S
Ceren. CR *B 3 = sssss——) = © >
Commiss.
(44.4 hr) Commiss.
Fluo. V.‘/CR * Published => (xxx hr)
Satellite GRB Name tinrov —to [sec]
Swift | GRBOSI203A | -1.2x107 —5.6x<10°
e Total Obs. Time: 5713hr Fermi GRB090428 | -8.1x10% —5.9x10?
Fermi GRB090429C | 4.1x103 - 1.7x103
* Ave. Duty: 19 % Swift | GRB091024 | -1.6x10% —3.3x10?
Fermi GRB100216A | -4.0x103 —1.1x10* ° 5 SWlft 9 Fermi
Swift | GRBI100906A | -1.0x10* —4.0x103 ) rT
Fermi GRB120120 | -1.4x103 —8.9x103 Tnggers in FOV
Fermi GRB120129 -1.6x103 —6.7x103 A I t f t
Fermi GRB120327 -9.9x103 —8.2x10! o Ot OT events
5-faceted Swift GRB120911 2.4%10* - 6.8x10! EOV withi
. . Fermi GRB121019 | -1.7x103 —-7.3x103 ass witnin
Rain & Fog Monitor Swift | GRBI21212A | -5.8x103 —2.6x10* P
Fermi | GRBI130206 | -3.3x103 —7.5x10? 24 hrs
Fermi GRB130215 2.7x103 —4.3x102




Obs01 (2008-2009):

Obs03 (2012-2013):

Trigger Pixels
for CR:
4 trig. pixels
1884 hrs

Alt: 14.63°+1.29°
Azi: 21.99°+1.29°
Fine Pix: 0.05°/pix

[1] Aita et al., 2011, ApJ, 736, L12
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Obs03 v_ Search Analysis

Time or : ,
Event# Efficiency Requirement | Total Obs.Time: 1950 hr
Detector Status | Total Triggers: 6.9 X 107
_ 8.5 X 106 350hr Good Processed the First Part
Pre-selection o
/6.9 X107 | /1950hr No Artificial | of 350 hr Data
Light()
Offline Filter 6 82% Npe*>250 => Nov, Candidate
Cluster Cut [1] [1] Aita et al., 2011, ApJ, 736, L12
(o)
NSB, u cut 0 99% Se > 10Ee

Systematic Errors for Upper Limit from MC Study
Syst. Error Source  Source Error  1-LC (diffuse) Commissioning (GRB081203A)

v Cross Section -35% 32% 37%

7 Energy Loss +50% 14% 14%

Rock Density —10% 5% 4% [Asaoka&Sasaki,
Geodetic Model — 13% 2%

AstroPart.Phys.
Estimation Method — 13% 16% 2013, 41,0,7-16]




Cluster Cut

ysis Tk hold:6/6, # of Detected Bunches for v > 10.0 |
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Penetrating p makes 2 clusters.

Also NSB makes many small clusters. The number of events consistent

with MC normalized by u-flux.
-> BG rate after the cut; <0.1levents.




Bad Runs

Vehicle Monitor
east with day image

RUN# 1130
2012-03-17 22:04.:42

Vehicle Monitor
west with day image

Army base activity Vehicle Light

Optical Flash Observation & Vehicle Monitor SC can help rejecting bad runs for sure.




LED Flasher for Gain Calibration

PLI+PIP Trigger Readout can be calibrated
even during Physics Run (e.g. 0.01Hz)

LED@405nm
an Half

Opt. Axis

R00041: Pin PD
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Real Shower Images

R0000847/E075258 120328 UT 13:30:44.356585 R0000847/E075258 120328 UT 13:30:44.356585

"=6.5x10"

pE_
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e All AS images -> Hillas image parameters, i.e. Width, Length, ...
* Same threshold and cluster cuts are applied as v_ search.




Ashra-1 RO000941/E115513 Triggered Shower and MC

Real Event MC Simulation

Energy:13.0 PeV, Zenith:66.2deg
TRIGGERED! {ng = 2)

N..:1213.1, Rp: 413.2m, (Width,Length}=( 0.09, 0.29) deg
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Ashra-1 RO000941/E115513 Triggered Real Shower Event vs MC

‘ R0001087/E112357 120620 UT 13:03:32.606158 |

N,=2, N'Pr:g=1 0107

Real Shower Event (wid,len)=(0.24,0.66)[deg]
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MC reproduces real events well



Observed Energy Estimator

10°

10

IN./E vs Rp _ pr
Entries 14371
C Mean 1020
I Mean y 51
B RMS 535.4
10° = RMS y 83.19
:(2 | ndf 690.6 / 20
= po -4266 + 100.2
p1 1287 +17.7
o p2 2.293e+08 + 59713252
= p3 89.76 + 1.56
B p4 616.2 + 4.4
1= o b e e e P
0 500 1000 1500 2000 2500
Rp [m]

IN,./E vs Length | Pr
Entries 37606
E@ Mean 1.035
- - Mean y 34.25
RMS 0.5534
10° = RMSy 55.76
= 2 I ndf 926.4/43
= po -5.65+0.12
B pi 1.631+ 0.021
B p2 4.698e+08 + 112413240
10° = p3 21.65 + 0.59
= 1.435 + 0.030
10 —
1 b LT
0 0.5 1 1.5 2 2.5 3 3.5

Length [deg]

Sharp correlation between N ./E,, and R,
Unfortunately monostatic analysis cannot
use Rjas an observable.

Weaker but clear correlation between
N,e/Eops and observable “Length”.

We use this correlation as E_, . estimator.
Took into accounts, real effects, i.e.
resolutions, atmospheric extinction, etc.




MC CR Flux

dN

dE

(3.67 £ 1.12) x 10°E73%(m%srsec GeV) ™!
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CRE,, . Spectrum

Interesting
discrepancy bet. MC

Obs01: 140 events Obs03: 824 ev Iron and Proton

) MC normalization by CR flux. e

5'% E P i 4 Data Eﬁ i $ Data

E i MC Proton < L % — MC Proton

E MC lon - ¢ m—i — MC lon
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0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3
Log10(E/PeV) Log10(E/PeV)

Source of Systematics  Error [%] Updated Very Preliminary
Trigger Threshold 19
Atomsphere & Optics 21
DAQ Efficinecy 6.3
Weather Condition 6.4
Sensitivity Total 30 Become negligible due to LED
Fine Tmage Gain 30 — | flusher calibration




Summary

* Validation based on updated CR Spectrum OK
=> Soon following analyses will be completed:
— Diffuse v_flux search
— v_s from many GRBs passed through Ashra-1 FOV

* CRE,, Spectrum has physics potentials:
— Composition as a function of E_,

— Need more statistics and to eliminate systematics

 We would increase trigger pixel coverage (statistics) and
start stereo observation (systematics) for v_and CRs.

5 | e i . .
@M“ M,y St Same orientation
~~Ashra @ Madfa'toa; =75% = £5 -> stereo-analysis will be possible
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