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Scientific Goal

* “Multi-particle Astronomy”
— Multiple probes into violent astro. objects (e.g. GRB)

* PeV-EeV v: hadronic model => ES t shower
* TeV-PeV y: leptonic model => Atmospheric Cherenkov
* Optical : reverse shock => Optical transient

— Distinguishable physics identification on phenomena

)

— Inescapable evidence of p acceleration i.e. “EHECR origin’
— Required functions of detector

e Wider field of view: toward all-sky coverage
* Higher resolution: toward arc min resolution
* Multiple self-trigger: opt./Cheren./fluo. simultaneous trigger



“Standard Model of GRB”: Internal External Shock
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“Non-Standard Model of GRB”: EMM and Cocoon Model
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(Lyutikov, Blandford,
arXiv:astro-ph/0312347)

No EHECR => VHE v

No Optical Flash

Cocoon Model
(Zhang,Woozley,Heger,
AplJ 608: 365-377,2004)

Optically thick for y
Low Luminosity of y
Nearby X-ray flash?
Nearby VHE v ?




Objects

Extragalactic Galactic
Gamma-ray Bursts * Soft Gamma-ray Repeaters
Flares of Active Galactic  Anomalous X-ray Pulsars
Nuclei .

Microquasars
Cosmogenic (GZK) v

Optical Thick LL Objects ( VHE v only)
* Nearby LL GRB
* Cocoon X-ray flash
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Optical Air-shower Detector
Progress of Resolution X FOV

Fly’s Eye (1981-1993) HiRes (1994-2006) Ashra-1
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Light Collector

* Optics:

Modified Baker-Nunn

Vil 5”’“ Components:
g

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
~ => Affordably cost-effective



Segment Mirror

1. Float glass curved mirror:
$»850 x t8 Cut => 10 kg / seg . piece
Total 7seg / LC => ¢2.2m & ~70kg.

2. Evaporation of Al + Al,O, coating
=> UV enhanced

3. On-site test just before installation:
all segments (~200 pieces ) OK:
>85% @ 470nm =>>88% @ <400nm

Reflectance %

— Al only
=—UV enhanced
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Mirror Adjustment
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* Total spot size measured after adjusting 6
segment mirrors on mount:
=> Combined spot 6 = 0.19mm
=> corresponding to  0.46 arc min

* Installation of Segment Mirror on
Mount @ Ashra Mauna Loa Site



0” Photoelectric Lens Imaging Tube (PLI)

World largest I.1.
FWHM = 40-60um @output window

Large :
Fine :

Stable: No performance degradation for 2 years

Nuclear Instruments and Methods in Physics Research A 647 (2011) 34-38

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in
Physics Research A

journal homepage: www.elsevier.com/locate/nima

Performance of a 20-in. photoelectric lens image intensifier tube

Yoichi Asaoka *, Makoto Sasaki

Institute for Cosmic Ray Research, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa 277-8582, japan
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Article istory:
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First generation image intensifier tube
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Photodetector

High energy astrophysics

Ashra experiment

We have evaluated a 20-in. photoelectric lens image intensifier tube (PLI) to be mounted on the
spherical focal surface of the Ashra light collectors, where Ashra stands for All-sky Survey High
Resolution Air-shower Detector, an 1al optical collector complex that images air showers
produced by very high energy cosmic-ray particles in a 42°-diameter field of view with a resolution of a
few arcminutes, The PLI, the worlds largest image intensifier, has a very large effective photocathode
area of 20-in. diameter and reduces an image size to less than 1-in. diameter using the electric lens
effect. This enables us to use a solid-state imager to take focal surface images in the Ashra light
collector. Thus, PLI is a key technology for the Ashra experiment to realize a much lower pixel cost in
comparison with other experiments using photomultiplier arrays at the focal surface. In this paper we
present the design and performance of the 20-in. PLL

© 2011 Elsevier B.V. All rights reserved.

Y.Asaoka,

M.Sasaki NIMA 647 (2011) 34



Output Image
Example

Imaging Test of 20” PLI

_~300mm
7/ (OHP sheet)
W RS E R

Imaging Resolution Chart on Input Window




Pipeline Trigger & Readout

RUN# 0270 BG 200ns
2012-02-05 05:31:30 .

Multiple trigger is realized
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Optical Fiber Transmission System

Coadds coarse images from light collectors & distribute to trigger sensors

4m
#1 Optical Coupler F 7 <1

2 i To e | -
#3 ' Cerenkov Trigger : 3

w P r

Optical Fiber Bundle To R _
- Fluorescence 7 ‘
Trigger 64 X 64 MAPMT
* 64x64 fibers(o.smmf)

| - 0.67deg-FOV / fiber

Light collectors can be easily appended to the trigger.

Sensitivity can be reinforced when more budget is available.



‘FO Bundle
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Developed by Prof.Ogawa group in Toho University



Number of Events

Murmnbrer of Spota

Photoelectric Image Pipeline (PIP)

Image for AirShower

Focus Point Accuracy: 10pum
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\[FWH M, xFWHM, [mm]

Total Star Resolution (Opt Sys+PLI+PIP)

~3 arc min over 42 deg FOV
after all adjustments
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Star image taken by
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Ashra-1 RO000941/E115513 Triggered Real Shower Event vs MC

‘ RO001087/E112357 120620 UT 13:03:32.606158

Ny=2, N7 *=1.0x10°
pe

Real Shower Event (wid,len)=(0.24,0.66)[deg]
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2003
2005
2007
2008

2009
2011
2012

Ashra-1 Mauna Loa Site

Funded

Observational site use permit

Intensive installation

ObsO1 started

— Optical flash observation

— VHE neutrino commissioning observation
Obs02 started.

Extension of the site use permit

Obs03 has been started.

Optical Flash Obs.

600 BOO 1000 1200 1400 1600 1800 2000 2200 2400

X [pix]



Observation 01,02, and 03 (on going)

Ashra Observation

FDuty Factor 19.6% (intotal 798days) =
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Maximum Qbservable Time 40083 hr

Obsarvable Time 3783 3 hr| 94 4%)

Dbsarvad Timae ITE2.9hr| 99.5%)

. R i e One of Best Sites for Astronomy
Date [yymmdd]

Observation 03 on going i Optikiash

(Statistics: 2012.01-2012.11)  Obs. Time 1291.8 hr 1311.9 hr
Good Weather 98.0% 98.3%
Efficiency 93.8% 96.0%

Duty Factor 18.2% 18.5%



Optical Search Limits

GRB081203A Optical Observations | | GRB100906A Optical Observations |
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Z =2.057/.0.01 (Kuin et al., 2009) Z = 1.73 (GCN#11230)
Eiso = (3.5 "8/, ) x 10° [erg] (Kann et al, 2010) E.=(2.2%.0.4) x 10° [erg] (GCN#11251)
Tgq (15-350 keV) =294 %/ 71 [sec] (GCN#8599) | | T, (15-350 keV) = 114.4*/_1.6 [sec] (GCN#11233)

« Unique Limits before Satellite Alert (T=0)

 ~10 GRBs coincided with Ashra-1 LC FOV
=> Limit the Init. Loretz factors and some peculiar GRB precursor models
=> independent GRB and SN search without using satellite trigger



Earth-Skimming Tt Shower Imaging Method
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Distance suitable for Huge Mass!
Shower development: lce ~ 104 km3
~30 km ce m

Ashra-1 really demonstrated this method !
(ApdJ, 736 (2011) L12)




BG Condition for VHE v

Ashra NTA BG Condition

Dist. Ang. w.r.t. Expected BG
Mountain Edge Contamination

0.1 deg 0.08 /yr

0.3 deg 0.55 /yr

1.0 deg 4.3 lyr

3.0 deg 39 lyr
CR BG

Ashra LC /
Dist. Ang.

Enjoy BG Free!
with High Precision Directional Measurement
by Ashra NTA

lceCube BG Condition (Reduction)

Final Sun.E:le

Surface: 1 cm—2

minute 1

In ice:| 2800 Hz
compared to 1 neutrino
per 10 minutes

— requires 10° atm. v

background rejection




Tau Propagation Deflection in Rock

£ GEANTA4 (All processes except photonucilear)
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100PeV Neutrino Fluo.+Cheren. Event Central (Site0): Fluorescence
Simulated with Ashra NTA

R00264/E00052: E,=10""eV, E =10"""eV, E_ _ =10"""eV
Elevation=-6.4°| Azimuth= 347.6°

Hualalai
Mauna Loa (Site3)
(Site1) @
’ “iCentral
(Site0)
Xmax
Decay Point //v'm
Impact Point Mauna Kea
(Site2)

N2=4035 (C:1363, F:2672), R:"“=1.8km, R™"=5.4km

Simple Fit => 0.125deg / pix
Site0 + Site1:| FEBE: 0.08°




100PeV Neutrino Fluo.+Fluo. Event
Simulated with Ashra NTA

R00264/E00008: E =10"""eV, E =10"""eV, E_ _ =10"""eV

ow

Elevation=-2.5°

, Azimuth= 25.2°

Mauna Kea
(Site2)

Simple Fit =>
Site0 + Site1:

HEKEE: 0.007°

Mauna Kea (Site2): Fluorescence

0.125de



(Comissioning) Observed CR Spectrum

10°FE
-g E —=— Data
3 ~ NN Proton MC
- [ ]lronMC
(@)
sl .
o
£
5 10
=

s LA ALl L heddededd A s Lkl ' 'S \-- ' ' LAl Ll
10" 1 10 10° 10° 10°
Observed Energy [PeV]

Validation of Sensitivity and Reconstruction

Some Hint for Composition



altitude(deg)
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First GRB v_ Search
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Swift GRB Alert during Commissioning in 2008

First Check for PeV-EeV
(Apd, 736 (2011) L12)

Tau Neutrino from a GRB




Effective Aperture along GRB Trajectory
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E2 x fluence [GeV ni’]

GRB Neutrino Search Comparison

Cherenkov Tt Shower Earth Skimming Method
10° ——&—— Ashra-1 1 LC v_ Sensitivity
——&—— Ashra-1 Commissioning v, Sensitivity
10° — — NFCyv  fluence
- —— IC-FCv_ fluence
10
10°:=
10°
10°
10 PN\
-~ \, ,2=1.00
1 1 1111111.[—’1 [lllllll 1 llllllll 1 llllllll\l\llllllll 11
102 10" 1 10 10? 10° 10*
E, [PeV]

0. Auger, PRD 79 (2009) 102001

Complement IceCube:

* Methodology

* Energy

« Self-trigger for Tau Neutrino

1. lceCube, Nature 484 (2012) 351
* IC40+IC59 stacked 117+181GRBs
* Very strong bias for time window (28s)

around Satellite Triggers to suppress
huge BG

2. Murase et al. ApJ 651 (2006) L5

* Nearby Low luminosity (LL) GRB (ex.
GRB 060218/SN 2006aj ) dominate total
neutrino fluxes at Earth

» X or y Satellites cannot detect

3. Hummer et al. PRL 108 (2012) 231101
* Recalculated neutrino flux =>
Ashra Energy Region more important

Ashra can Survey Depth: z~ 0.1 (~400Mpc) for GRBv flux (by Hummer et al.)



Prospect: Ashra NTA

=> Concept of NTA Detector Unit with
Ashra-1 LC x 1.5 scaled-up x 4
+ same trigger & readout

=> Effective input pupil size: ¢3m




Ashra NTA Effective Area

|t , [ NTA4 Sites, Azimuth Direction:1 4
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References

IceCube:

Nature 484 (2012) 351 Suppl.
Info. Fig.S2 Model
Independent

ANTERES:

ApJ 743 (2011) L14 Fig.2
(Right)

Declination Range -90<6<-45
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Ashra NTA Diffuse Sensitivity (3yrs)

the full IceCube =
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3 year Observation can resolve Cosmogenic v




Ashra NTA v Pont Source Survey Search

Performance ~ia Lxposure

AN
TAAARRN ™S\

[
) Wie
S |

IceCube Exposure

TeV y-Sources
@galactic
@ecxtragalactic

. IceCube)
N v . B 100%
I
Sl et 0%
90°

Duty 10-20% from Ashra-1

v pointing accuracy < 0.2°
(Cheren. Mono => worst case)

Google earth
C

24° 32'50.78" § 162 / B 1100172 km FOV Elevation 300)( AZ|mUth 3600

Assuming Hammer’s GRByv fluence
Survey Depth z < 0.1 (400Mpc)




Expanding Ashra NTA Collaboration

University of Hawaii National Taiwan University
Hawaii Pacific University National United University

National Chiao Tung University

Institute for Cosmic Ray Research, Univ.Tokyo
Toho University
Nagoya University
Chiba University
Ibaraki University
Kanagawa University




Research Staffs of ICRR

Both are now on shift for observation at Ashra Mauna Loa site.

Yoichi ASAOKA Holger Martin Motz
Assistant Professor Research Associate



Students and supporting staffs

Excursion in Nikko in 2005 Summer Starting Observation in 2008

Since 2006:
1 Ph.D => Post. Doc.
6 MD => Industrial



Educational Activity

 Taught undergrads at UHH as affiliate prof.
* Joined Akamai Internship Program in Hawaii

— Provided several students field works for instruments

Goforitt

1 you are Hhinking of spplying. you are obvioudy hpbnxfcr =
adventure thiz summer. The Akamei internship is well
rewarding. Pve lost count of the time: lve-
mmﬂwlﬁmllmdhwdmﬂx

[V've gained] confidence, foresight, and friends. The pe
met will enfighten you_ Just being in the same room with
people: Tlearmed how to epproach situstions avoid sctbadks end

Internships

The Akamal Intemship Program
Maul and Havrall Island

The Akamai Internship Frogrem was developed by the Center for
Adeptiue Opfics [CFAC) to adhuance Hawasi students in saence,
enginesring and technology cereers. Interns are placed in full-fime.
summer positions to complete & research or technology project.
Intems receive guidance from & mentor and sxensve spport
from the Akamai Program itelf.

ks R e e e e e
=t Akimeke, Bosing, the Inditute for Asironcrmy. the Maui High
Performance Computing Center, Meu Scientific Research Center.
HNorthrap Grummen, Ceeanit, the Pacfic Disaster Center, Texon
and Trex Enterprizs. Past imiems ploced in the Hewai Akamai I
temship have worked at Canade-France-Hawail Elescope. Gemi

Suzanne Burns
Maul Community College
’ 2006 Internship:
' Trex Enterprises

fe

3 % A | came into the program with wide eyes.

and no experience in programeming. my

. mentors guided me through each step of
B writing & program in Ca+.

The CIAG/MCC staff and faculty helped me ereste my first Powrer
Point presentation and an sward winning paster. | have been offered
several jobs in the Maui tech community since the internship, and |
havent even gradusied yet

I have been able to meet snd worked with scentists, engineers, educa-
tors and company ouners and managers in workshops and seminars.
The program staff are still there for me if | need anything.

Chad Sithar
Maul Community College
2007 Internship: Hnu Photonics

| would tel someane wanting to apply

er the internship.

Before | wes just going through the motions of school and now | feel |
have the drive. foaus and desire to go further then just gradusting with
an aszocistes degree and for that | am truly grateful to you and every
one at the CIAO. | got o have dinner with the Mayor and Senator
Inouye, rmy NEW job [Hru]. other job opportunitiey/offers, I've done
several *Creen" conferences. and SACNAS [a national undergraduate
science and tech conference] was an swesome experience. snd my
“peopie” slls have gotten A LOT better.

David Trang
University of Hawall at Hilo
2006 Internship: Ashra Project
The Akamai intermship helped me in a lot
of weys. | have & good looking resume,
learned how to write an sbstract, write

helped me to talk o graduate schools and
put b a pretty good list of chasls
that | want to apply to.

Thanks ko Akamai, spplying for grants and intermship have become
ensier because of the practice we got with Aksmai and # helped me
become more confident in spplying. The internship even pushed me
o find other intemnships and to sign up because | discovered how fun
research resily is.

1 think if's the Alamai Internship that made me really want to be o
scientist and | think its what really got my Ffe and career starfed.

and the different

S iNirming st en engineering-based company allowed me to lesrn and

get hands-on experience sbout the different applications of engineer-
ing in the real world.

1t also taught me that engineering is not just based on one particular
topic but it can be applied to mary technologies like satellites, soler
cells, computer programs, researching for fulure projects, etc. And #s
0t 100 bad living at ane of the most beautiful islands cither. 1t wes
defindely one of the mast enjoysble and enlightening internships
that | had where | leamed more than just engineering.

Glenda Ramos
Maul Community College
2006 Internship: Akimeka

The Aksmai
morale/confidence.

It opened a lot of oppartunities for me in the tech field here on Maui
and it helped me to know the right people o talk o if you want io
really work on high tech job here on Maui.

I may seem deunting o know thet you're going o be presenting to
2 lot of people at the end of the infemship but & quite rewarding to
know how much you've sccomplished in just & short span of time.
The Akamsi program is not only for people who are exceptionally
gifted but also for those weh art wiling o e im P fechrs

:Algg-.dlhe-;}whybqn'h-m-\- ‘peristent, and focumed
indindual

Eric Dela Rosa
Hawall Community College
2007 Internship: Canada France Hawall Telescope

This internship has been & major stepping sone for me. It made me
grew more a1 & student, a3 well a3 & person and geve me the cour
age to pursue anything | want to. If you're looking for an internship
that's provides more than just experience. you'll find i in the Hewesi
Island Akamai Intermship Program. The amount of things I've gained
from the inbemship is enormous. T've gained real life experience that
1 e use in the future.

T've gained courage in myself and

believing that | can do anything | set

my ind to. Tve gained a whole new
/_ - (v-mw from the coordinators and men-

insight of how bechnology will be in
the future and what to look forward to
when | graduste from College. And,

M et e e e it
of sgence and technology.

what akamai interns say



Akamai Internship

David Trang
University of Hawaii at Hilo
2006 Internship: Ashra Project

The Akamai internship helped me in a lot
of ways. | have a good looking resume,
learned how to write an abstract, write
personal statements and make very good
' looking presentation. | now feel confident
" (and even excited) to give presentations. It
" helped me to talk to graduate schools and
% put together a pretty good list of schools
| that | want to apply to.

' Thanks to Akamai, applying for grants and internship have become
'\ easier because of the practice we got with Akamai and it helped me
become more confident in applying. The internship even pushed me
to find other internships and to sign up because | discovered how fun
research really is.
| think it's the Akamai Internship that made me really want to be a
scientist and | think it's what really got my life and career started.




Conclusions

Scientific Goal and Objectives:

— Clear ID for EHECR Origin with VHEv, v, optical flash

— Complementary and competitive methodology and energy range
Developments of Ashra-1 Detector:

— Wide angle, high resolution, multiple trigger have been developed

— Observation for VHEv, v, optical flash have been well demonstrated
Observation Status:

— Experimental proof for VHEvV, CR, optical flash observation

— Search observation for physics aims with good statistics is continued
Collaboration:

— Now forming expanded Ashra NTA Int. national collaboration
Education Activities:

— Educational contributions for students of collaborated institutes
Future Prospects:

— Ashra-1 => Ashra NTA as full scale project enhancing clear ID of VHEvV



