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* Chronology of Ashra-1 Group

* Detector Designs and Performances

* Prospects for NTA => G.Hou’s talk
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Front-end Signal Process Scheme
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Abstract

4. Earth-skimming tau neulrinos

Very high energy neutrmos penetrate the Earth
and convert to charged leptons which then travel
through the Earth. This sequence is dllustrated for
an event with a nadir angle # in Fig. 7. We define

T decay shower

T ——

Earth \\\

Fiz. 7. A schematic picture of Earth-skimming tau neutring
events,

Astroparticle
Physics




Earth Skimming Tau Shower Method
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Tau Deflection & Decay Energy After Propagation in Rock

v, Simulation: E, = 10" eV, E_=10"?eV, Event# 000069 0
T
27.6 PeV n° = 3790 p.e. = 1=
29.0 PeV 1° = 4145 p.e. 2
48.3 PeV " = 3703 p.e. - 2
TRIGGERED! (N, =2) 2 30 1 arcmin
g
E, =10 eV
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Highly Boosted =>Thrust Axis of

MC Simulation of Tau Decay - Tau Decay Remembers v_Direction
< 0.1mrad (~0.3arcmin) @ > 1PeV

Asaoka & Sasaki, Astropart. Phys. 41 (2013) 7-16
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Ashra-1 Collaboration (2004)

University of Hawaii Mational 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
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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



Ashra-1 LC Optical Performance

Ashra-1 Light Collector
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Total Resolution: ~3 arcmin image in 42° FOV

Can cover Mauna Kea surface at 35 km distance



Ashra-1 Pipeline Trigger & Readout

RUN# 0270
2012-02-05 05:31:30
demonstrated !

Optical 4s or 1s

Photoelectric Lens Fim;i}r‘n Sensor
Image tube (PLD with N trigger

Fiber optic
\ Transmission System shutter
[

discriminator signal

photons . F
Relay
enses
= L

PMT Array Trigger FPGA

BG 200ns

Photoelectric Image Pipeline (PIP)

Multi-Messenger Approach with CR 200ns
One Detector System 1st imaging air-shower
with self-triggered L.I.
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Astronomical Multi Particle Object: GRB

Satellite GRB Name tinrov —to [sec)
' Swift GRBOSI203A | -1.2x10* =5.6x 10°
“Standard” Fireball/Internal-External Shock Model Fermi | GRB090428 | -8 1x10% —5.9x% 103

Fermi | GRB090429C | -4.1x10° - 1.7x10?
Swift GRB091024 | -1.6x10° —3.3x10?
Fermi | GRB100216A | -4.0x10% = 1.1x10*
Swift | GRB100906A | -1.0x10* — 4.0x 10°
Fermi GRB120120 1.4%10° —8.9x%103
Fermi GRB120129 | -1.6x10° —6.7x103
Fermi GRB120327 | -9.9x10% —=8.2x 10!
Swift GRB120911 | -24x10* - 6.8x 10!
Fermi GRB121019 | -1.7x10° - 7.3x10°
Swift | GRBI21212A | -5.8x10° = 2.6x10*
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Optical & X-ray Problems to Solve

Swift/XRT data of GRB 090313
red: PC

I Hhﬂ ']

Corrected R_magnitude assuming z=1

[ 990123

0803198
050904

= (GRB080319B
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: Ashra Sensitivity
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12s Iday
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Phase| | Phase l: Phase Il

T, 10°-10%
| H
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SwittXRT data of GRB 090323
red: PC

T
#—f—tﬁ_

090323

T]

1
104 10° 2x10°
Time since trigger (s)

X-ray Canonical Behavior
[Nousek et al. ApJ 642 (2006) 389]

-5

1E-4 1E-3 0.01 0.1 1 10 100
t (days after burst in the observer frame assuming z= 1)

Reverse Shock Optical Flash
[Sari&Piran, Apd 520 (1999) 641]

X-ray Precursor
[Burlon et al., ApJ 685 (2008) L19]

Delayed Gamma-ray (GeV)

[DePasquale et al., ApJ 709 (2010) L146]

Diverseness beyond GRB SM => New Observations




altitude(deg)

Process of Analysis of GRB Optical Flash Search (GRB081203A)
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Initial Lorentz Factor Restricted by Optical Flash Search

External Shock . . min[ ]
f x —_—
Reverse Shock ! UERIE
Forward Shock
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Kobayashi & Zhang ApJ 582 (2003) L75



Initial Lorentz Factor Restricted

with Optical Flash Search
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Effective Area [m?]

First GRB V. Search Limit

]

o Alt=0.51deg % mmm  Ashra limit on v_ from GRB081203A 107
n Alt=-0.28 deg S 10" — Expected improved limit onv_
s Alt=-1.02 deg 8 — — — IceCube limit on prompt v, 10°
+ Alt=-1.74 deg 104 m? = 10° = — -— IceCube limit on precursor v, s
Alt=-2.40 deg . s 4 8 N o — Rice limit on prompt v, . 10
o Alt=-3.03 deg P v L | g 10 e Rice limit on afterglow v, i
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] - = 10’
8 S W 100
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X 0 R I 1
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e Swift GRB Alert during Commissioning in 2008

* First Check for PeV-EeV Tau Neutrino from a GRB
(ApJ, 736 (2011) L12)

* Even Commissioning 100x Better than Rice

e Started Obs03 Runs Approaching to IceCube Area

E? x flux [GeV n¥¥ s1]



Cosmic Ray Studies

‘ R0O000847/E075258 120328 UT 13:30:44.356585 |

Important to verify detector
sensitivity and calibration

Measure energy spectrum
(hint on composition)

Test MC by event comparison
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April 8-9, 2015, National Taiwan Univ.
www.icrr.u-tokyo.ac.jp/~ashra/VHEPA2015ntu

Neutrino Telescope Array Letter of Intent:

A Large Array of High Resolution Imaging Atmospheric Cherenkov
and Fluorescence Detectors for Survey of Air Showers from Cosmic
Tau Neutrinos in the PeV-EeV Energy Range

\ ; 4 gz )
Makoto Sasakil, George Wei-Shu Hou?
LInstitute for Cosmic Ray Research, The University of Tokyo, Kashiwa, Chiba 277-8582, Japan
2 Department of Physics, National Taiwan University, Taipei 10617, Taiwan
*E-mail: sasakim@icrr.u-tokyo.ac.jp, wshou@phys.ntu.edu.tw

the clear discovery and
identification of non-thermal
hadronic process in the Universe

air shower imaging detector
for neutrinos




Ashra-1 Light Collector

NTA Baseline Design

Table 1. Coordinates and FOV coverage of the Ashra NTA sites. N Concept: quht Collector (LC:
Site ID  Location X [km] Y [km] Z[km] FOV [sr] Opti ith 1.5 il
Sited  Center 0.000 000  2.03 - Ashra-1 x 1.5 scaled-up ptics with ¢1.5m pupi
Sitel  MaunaLoa 991  -1047  3.20 /2 + same trigger & readout || FOV 28° = focal sphere $50cm
Site2 Mauna Kea 4.12 13.82 1.70 w/2
Site3 Hualalai -14.02 -3.35 1.54 2 .
—  —l Detector Unit (DU)

4 LCs watching same FOV
Superimposed 4 images
= Effective pupil = $3m

12 DU’s per 1t coverage

Need at least 30 DU’s for Coverage




* Detector Designs and Performances



Optical Air-shower Detector
Progress of Resolution X FOV

Ashra-1

Virgo Cluster .~
ddegxddeg

irgo Gluster
4deg % 4deg

4deg/pix x All-sky 1deg/pix x 28deg 1.2min/pix X All-sky
PMT PMT Image Tube+CMOS



Spectroscopy with CR

'Q1: GZK effect or Exhausted Sources ?

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

GZK suppression maxium energy scenario
Auger 2013 preliminary / ,:m”é cork i
"Z i‘%lﬂ ' :—;’,———
E . ) 10% _7’ p directly
2 E  from source
17.5 ) ‘IAn

185 190 195 200 205 18 18.5 19 19.5 20 205
log,o(E/eV) log, (E/eV)

Emaxp -~ IOIB{2 eV ->
Ema;(l:e -~ |020 eV

Of fundamental astrophysical importance:

Emax Of sources ? Standard Fermi acceleration ? ¢
e —— T

HEPA, Kashiwa,/Tokye (Japan), March 19:20, 2014

Karl-Heinz Kampert, VHEPA,
Kashiwa/Tokyo (Japan), March 19-20,
2014
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Optical Image with Ashra-1 Light
Collector (LC)

VHE Particle Astronomy (VHEPA)




Arcmin Resolution -> Multi-Messenger

 GRB 970228:
the first GRB for which an afterglow was
observed

* BeppoSAX
« GRBM (40-700keV):
* WEFCs (2—-26 keV, FOV=40deg) :
burst’s position within 3arcmin

e optical images taken with the
William Herschel Telescope on La Palma
=> visible and IR arcsec images




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



Segment Mirror

1. Float glass curved mirror:
850 x t8 Cut => 10 kg / seg . piece
Total 7seg / LC => $p2.2m & ~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
=LV enhanced

300 350 400 450 500

Wavelength nm

No. of Mirrors

=
o

N

% 86 88 90 92 ' 9%

Entrle$117
: Mean 90.037
g....Sigma_;..l.ﬂS.l.....

.................................

Mirror Reflectance [%]




Mirror Adjustment

Installation of Segment Mirror on
Mount @ Ashra Mauna Loa Site

10°

10*

-

Comk}ined spé)ot;/cs = 10°

=/0.01 (0.01, -0.00) [mm], 6= 19D.4 deg

A H
“Center

1.5 -1 -0.5 0 0.5 1 1.5
X [mm)]

Total spot size measured after adjusting 6 segment
mirrors on mount:

=> Combined spot o = 0.19mm

=> corresponding to 0.46arcmin = 0.13mrad



20” Photoelectric Lens Imaging Tube (PLI)

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

Stable: No performance degradation for 3.5 years |

Out

ut
\p

T TS T TIFTITS T ToT IO T Ty ST S e ST Tr e o T

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

ARTICLE INFO ABSTRACT
Article history: We have evaluated a 20-in. photoelectric lens image intensifier tube (PLI) to be mounted on the
Received 12 May 2011 spherical focal surface of the Ashra light collectors, where Ashra stands for All-sky Survey High

Accepted 13 May 2011

Resolution Air-shower Detector, an unconventional optical collector complex that images air showers
Available online 20 May 2011

produced by very high energy cosm -ay particles in a 42°-diameter field of view with a resolution of a
Keywords: few arcminutes. The PLI, the worlds largest image intensifier, has a very large effective photocathode
First generation image intensifier tube area of 20-in. diameter and reduces an image size to less than 1-in. diameter using the electric lens
A 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

High energy astrophysics
Ashra experiment

© 2011 Elsevier B.V. All rights reserved.

Y.Asaoka, M.Sasaki NIMA 647 (2011) 34



Imaging Test of 20” PLI

Output Image
Example

~300mm .
~ (OHP sheet)

Imaging Resolution Chart on Input Window




20”(p Prod. ver.

20" Lens-ITm& Filter

Transmittance(%)

i Ll L I ThAandemittanco
3 A oI et g ©
i AN i i i i
P ai:i\\mi:w A
P P PN
L Pl AR
W R L
R, VAN
[
20 ——
10 |
0 ]
250 300 350 400 450 500 550
Wavelength(nm)

350 400 450 500
Wavelength

Input window is coated with multi(40-)layer thin film filter to cut A>450nm
Keep good S/N of fluorescence and Cerenkov lights against NSB



Ashra-1 Pipeline Trigger & Readout

RUN# 0270
2012-02-05 05:31:30
demonstrated !

Optical 4s or 1s

Photoelectric Lens Fim;i}r‘n Sensor
Image tube (PLD with N trigger

Fiber optic
\ Transmission System shutter
[

discriminator signal

photons . F
Relay
enses
= L

PMT Array Trigger FPGA

BG 200ns

Photoelectric Image Pipeline (PIP)

Multi-Messenger Approach with CR 200ns
One Detector System 1st imaging air-shower
with self-triggered L.I.



Optical Fiber Transmission System

Coadds coarse images from light collectors & distribute to trigger sensors

Pmp . _
#1 Optical Coupler r

A L

7 o e [
#3 Cerenkov Trigger o

H4 W F

Optical Fiber Bundle To
- Fluorescence

Trigger
* 64x64 fibers(o.smmf)

| +0.67deg-FOV / fiber

64 X 64 MAPMT

Light collectors can be easily appended to the trigger.

Sensitivity can be reinforced when more budget is available.



Ashra-1 / NTA Trigger Sensor

R8400-00-M256

( H9500 )

Trigger Sensor Unit (TSU) =
16x16 trigger pixs /chip on R8400-00-M256
followed by Trigger Decision LSIs (ASIC)

4x4 TSUs for 1 Detector Unit



Trigger Sensor LSI

16x16 discriminator array equipped on the back of MAPMT

Pixel Circuit Diagram
Vg
e
[

" e L

[T —
+ out
OP-AMP +

Vos |, OP-AMP

comparator

Vempip

* Pixel includes I/V transformer. filter. and comparator
in the size of 500um

16 X 16 pixel array / LSI chip = 64 X 64 trigger generated with 4
X 4 LSl chips

e LSIsize: 9.8mm




Photoelectric Image Pipeline (PIP)

Test of PIP (15t generation) Mounted PIP (2" generation)

0.23mM
m
2 a5
E e = at Minimum
o 40/
27
EME_
25—
20 N
15E N 2arcmin
\ _
10—
N
5_ N
0 5§ 10 15 20 25 30 =

SRS Diameter | um] => 21 LP/mm => ~larcmin



Performance for Astrometry & Photometry
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o
[

PLIT + Ampll (ML Bench)
——+— PLIT + Ampll (Installed in LC)
—— PLIT + Ampll (w/ Stars)

0.18

o
-
L

FWHM,<FWHM, [mm]
=] o
R >

(=)
=

0.08

0.06 = - - F |

2-arcmin

0.04

0.02

10 15 20 25
Incident Position [cm]

o[ LITTITTIT
(5]

~3 arcmin over 42 deg FOV after all adjustments

=10C o e T
g - All Data (572 Events) 5 ;—,T’
9 o Distance < 3 Pixel ."'--"-'-.='z3_~ :
5 [
1] L
w |
8
7
6
5;_ Catalog Star & Source Pairs
:I |- . | I 1 1 1 1 I | et Y A ) [ | D S | I S { N 1 l | ] [ | 1 I
4 5 6 7 8 9 10
Catalog [B Mag]
EZOOP Total Number of Pair = 572
%180 All Evants (Dist.=0.57 = 0L.86)
E160 Edge Region (Dist.= 1.50 1 1.82)
E
§140:
3 Automatic Catalog Star
sof- (Tycho2) Matching works well.
3 ~larcmin/1pix
40—
zo;—

1 2 3 4 5 6 7 8 9 10
Distance between Catalog and Source [Pixel]



Lv

HV LV
MAPMT HPD Board
LSI x16

Trigger
Relay
Board

Trigger FPGA/DSP Board

Coax. 10ch Gate 11
V1-V8, Vg, Vos Gate Signal
DAC10ch !
Trigger FPGA/DSP Board|
Coax. .T.ST
] ) rigger
L_X D[63:0] USB S
- L_Y_D [63 . 0] . LSI Cnt
LS| Cnt [4 . 0] Xsel[63:0]
-Ysel[63:0]
*Trig #
Trigger PC




Ashra-1 RO000941/E115513 Triggered Shower and MC

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

N..:1213.1, Rp: 413.2m, (Width,Length}=( 0.09, 0.29) deg

10 5 0 5 10
[deg]

X [pix]



Local Exposure Control

Central (Site0): Fluorescence

2
g, :
15
7
.
Hy}
% - f *
"
/
™ v'

0.125deg

Global Exposure Control Local Exposure Control
=> |deal Noise Reduction




Performance of FST CMOS Sensor

2048x2048 pixels [ 19mm x 29mm,
Triggered Regional (64x64 macrocells) Exposure

Parameter Measured Value

Saturation Capacity 4561 e
Dark Current 636 e/s
Temporal dark noise 16.25 e
Total Quantum Efficiency 58.3 % @525nm
Dark Signal Non-Uniformity* 4.37 %
Photo Response Non- 712 %
Uniformity*

* Careful off chip FPN correction can eliminate them
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* Prospects for NTA => G.Hou’s talk



L

L. Ashra-1Mauna Loa Site

NTA Funding Request Construction / Partial Observation Full Observation

Toward PeV-EeV tau v Servey

Ashra-l Test Observations / Multi-particle/ Multimessenger

- - == —

Principal Demonstration

Akeno Training / Aging / Test Observations

Developments / Assembly
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s, 5 o eff ‘%. § Ashra Commissioning Observation
Se n S |t | V | tv ( A ) — - ——e—— Altitude= -3.0 deg, Azimuth= 14.2 deg
M g 10° = ——e—— Altitude= -0.3 deg, Azimuth= 18.0 deg
. &- ~  Ashra New Trigger System
J.A.Aguilar, Nucl.Phys.B 237- 5 @ 10°c —=— Altitude=-3.0 deg, Azimuth= 14.2 deg
238 (2013) 250-252 10°PeV | 2 E ——=—— Altitude=-0.3 deg, Azimuth=18.0deg_ _
10* " é 10* - = s e e °
- m o o
: - ’,-’ — L o O
— IceCube: IC-79 o eoed e % ° ° 5 _
- ) o
IO2 102 [ g
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10! 10
= B e Ashra-1 Obs03: 1LC
10°} ’ 1L 5
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logy [E, (GeV)]
Ashra-1 1LC compatible with IceCube @ 102 PeV
IceCube indicated flax E2$=1.2x10°8GeV srls'cm™
=> Fluence x E? = 8.7 GeV cm™
Ashra-1 1LC: 49 v_s @-3.0deg, 77 v_s @-0.3deg
Small ES angle limits chance => NTA improves

[deg]



lceCube 28 Events

Ahlers & Murase, PRD (2014).

TS=2log (L/Lg)

8% Significance

Hour 1000

800

- 700

IceCube, Science 342 | -

200

100




Ashra-1 Obs04 y Exposure

DEC (degree)

o ©

Z.enith Angle < 45°

Hour

24
RA (hour)

500

400

300

200

100



- GeV y-rays TeV y-rays PeV y-rays

"o S
—«—s- @xtragal .
T - IR Sd  How to exploit/see
10 — - -+ extragal
= — -+ Galactic PeV y-ray s
&
L. _10
o 10 \ - y-ray from hadronic
“Tan - . - interaction
11 B T - 4 Crab -
10 B - T Nearby object
N\ Fermi - _
= . fr 'j.f / N . that emits
.“:.—1-?_ e’ H'E'Syl 2l ub PeV y-rays?
z \"‘"‘r ~[-"| IceCube v means:
—13[ CTA | PeV y-rays exist
10 as strong source:
—14]
10
10 10  10° 10 107

Thank to T. Kifune.
LA. Anchordoqui et al./Journal of High Energy Astrophysics 1-2 (2014) 1-30.



Particle Energy [eV]
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Observable Distance [Mpc]

10°

PeV-EeV
Universe

* Nearby
(Galactic/Local)

* Multi-particle
(Multimessenger)
* Y
° vV

Ashra/NTA =>
PeV-EeV Universe
Explorer




