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Neutrinos, chargeless and weakly interacting, point back to far away sources.
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S Klein, F. Halzen, Phys. Today, May 2008
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Ernie Bert Big Bird
E=1.1PeV, 8=23° E=1.0PeV, 6 =62° E=20PeV, 6=34°

What if one had better Sensitivity o
and accurate Painting Info?

Alexander Kappes, ICHEP 2014
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Window of Opportunity

Conventional v UHECR v
Detector Detector

, Jtecker, astro-ph/0003459
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Detection Mechanism

IT. Earth-Skimming v. Method

0,3 ~ max. mix.

Telescope

Crosis Saeailof) - T—

Jrows Wi = Acceleration Me‘chanisgn .
_ + NGC 4261
1 Deeay: Air Shower
- ns Cherenkov
v,: electron energy mostly absorbed in mountain Te Eﬁoﬂ
v,: No extensive air shower “N\V” ) @@
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ITT Ashra-1 & 15t Search for GRB v_
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Swift GRB Alert during Ashra-1 Commissioning
First Check for PeV-EeV Tau Neutrino from a GRB

Y. Aita et al., ApJ 736 (2011) L12
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Ashra-1: 15t Search for GRB v_

THE ASTROPHYSICAL JOURNAL LETTERS, 736:L12 (5pp). 2011 July 20 doi:10.1088/2041-8205/736/1/L12
© 2011. The American Astronomical Society. All rights reserved. Printed in the ULS.A.

OBSERVATIONAL SEARCH FOR PeV-EeV TAU NEUTRINO FROM GRBO8I1203A

Y. Arral. T. Aokr'. Y. Asaoka!, T. CHONAN', M. JoBasH1', M Masupa', Y. MorimoTto!, K. Nopa!, M. Sasaki!.
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J. HamiLton®. N. SuciyamMa’, AND Y. WATANABE® '
(ASHRA-1 COLLABORATION) I m not an GUThOf‘.
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Departmem of Physics and Astrophysics, Nagoya University, Nagoya, Aichi 464-8601. .lap'm
¢ Department of Engineering, Kanagawa University, Yokohama, Kanagawa 221-8686, Japan
Received 2011 April 29; accepted 2011 June 10; published 2011 June 28

ABSTRACT

We report the first observational search for tau neutrinos (v; ) from gamma-ray bursts (GRBs) using one of the Ashra
light collectors. The Earth-skimming v. technique of imaging Cherepkov t showers was applied as a detection
method. We set stringent upper limits on the v, fluence in PeV-EeV region for 3780 s (between 2.83 and 1.78 hr
before) and another 3780 s (between 21.2 and 22.2 hr after) surrounding GRBO81203A triggered by the Swift
satellite. This first search for PeV-EeV v; complements other experiments in energy range and methodology, and
suggests the prologue of “multi-particle astronomy™ with a precise determination of time and location.

Will be discussed further at ICRC2015
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(Courtesy Makoto Sasaki)

Progress of Optics New Eye for Particle Universe

« TA ... Davies-Cotton « ASHRA ... Baker-Nunn
*FOV ~ 16 ° / Telescope *FOV ~ 50 ° /Telescope Key TeChn0|°gy:

ot 001 | 9M-pixel CMOS sensor Ashra-1 station /
= = .12 telescopes &
with 50deg.FOV

covering 50deg FOV

Leading Features:

All-sky Survey
=> Discovery Potential

1arcmin directional accuracy
=> Source ID
« TA ... PMT+ADC « ASHRA ... IT+SS-Imager
Simultaneous Detection for
Cerenkov & Fluorescence
=> Physics ID

* 16 X 16 = 256 pixels/tele. « 3K X 3K~10M pixels/tele.
* Pixel res. ~1° » Pixel res. ~0.015° (=1°)

* 256 outputs / 256 pixel * 4 outputs / 10M pixel

iy
/ ‘_/.\ Pioneer Experiment for VHE Particle Astronomy:

NTA — v. Astro George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 10
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- Ashra-1 B

Ashra Observational Site;: Mauna Loa

3300 m a.s.l., 35 km from MK 77% mono, 27% stereo 2~3 arcmin image

Nice Coverage and Precision as Particle Monitor

 NIA—v. Asto  George W.S. Hou (NTU)  EPSHEP, Wien, /7/24/2015 11 |
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PLIT Reolution (PLIT#7 + Ampll HD0053)
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Total Resolution: ~3 arcmin image in 42° FOV

Can cover Mauna Kea surface at 35 km distance

NTA — v. Astro George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 12
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RUN# 0270
201 2-02-05_ 05:31:30

Optical 4s
riggers

Photoelectric Lens Fine_-ilT e Sensor
Image tube (PL) with No

high speed

Al video camera

Fiber optic
Transmission System shutter
discriminator signal

photons
Relay -]
Lenses

PMT Array Trigger FPGA

BG 200ns

Photo-electric Image Pipeline (PIP)

Multi-Messenger Approach with CR 200ns
One Detector System 1st imaging air-shower
High Pixelation w/ CMOS - Fine Resolution with self-trigger

NTA — v. Astro George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 13
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Imaging Tube + CMOS (video camera)

20” Photoelectric Lens Imaging Tube (PLI)

W

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

Stable: No performance degradation for 3.5 years

ents and Method
lists available at ScienceDirect

Huclear Wsir
Contents

Nuclear Instruments and Methods in
Physics Research A

Fine:

aaaaaaa | homepage: www.elsevier.com /lacate/nima

i
< & v 4]
£k
Performance of a 20-in. photoelectric lens image intensifier tube
ivanoha, Rasbea 277-8582. fapan

Yoichi Asaoka *, Makoto Sasaki
fa J earch, University of Tokye, 5-1

Y.Asaoka, M.Sasaki NIMA 647 (2011) 34
Improved QE and Precision
EPSHEP, Wien, 7/24/2015 14

High Pixelation w/ CMOS - Fine Resolution
George W.S. Hou (NTU

Astro
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IV. Neutrino Telescope Array (NTA)

The Clear Discovery and Identification of
Non-thermal Hadronic Process in the Universe

Air Shower Imaging Detector for Neutrinos

Neutrino Telescope Array Letter of Intent: LoI

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

Makoto Sasaki', George Wei-Shu Hou?

YInstitute 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

| Towards ICRC2015 (The Hague) & Beyond |

1408.6244v2
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| NTASite Plan |

(LOT at Hand)
Table 1. Coordinates and FOV coverage of the Ashra NTA sites.

Site ID  Location X [km] Y [km] Z[km] FOV [sr]

Sitel Center 0.000 0.00 2.03 T
Sitel Mauna Loa 9.91 -10.47 3.29 /2
Site2 Mauna Kea 4.12 13.82 1.70 w/2

Hualalai -14.02 -3.35 1.54 w/2

Z [km]

/L il .

4 Ashra-1 Mauna Loa Site ]

-80 -60 40 -20 0 20 40 60 80 100120
X [km]

NIA — V. AStro eorae W.S. nou (NI1Y)  EPSAHEP. Wien. ///4//015 10
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NTA “Charm”

Vdiléy Mountain

Separation of
Conversion vs Shower

* Huge Target Mass
(> 100 km3-weq)

* Huge Atmos. Mass
(area > 1000 km?)

 Mountains Shield BG

NTA — v. Astro George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 17
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12 DU's per m coverage

Light Collector (LC)

Schmidt Optics with ¢1.5m pupil
FOV 28° = focal sphere ¢50cm

Detector Unit (DU)
4 LCs watching same FOV
Superimposed 4 images

= Effective pupil size = $p3m

= Concept:
Ashra-1 x 1.5 scaled-up + same trigger & readout

Need at least 30 DU’s
for Coverage

Il

¥¥¥Y |

 NTA — v. Asto ~ George W.S. Hou (NTU)  EPSHEP, Wien, 7/24/2015 18 |
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Three simulation stages

1. Mountain simulation: v_—t
v+N cross-section
— Inelasticity
— energy loss of tau
2. Air shower simulation:
T — Cherenkov photons / fluorescence 1
— 1t decay mode
— CORSIKA detailed air shower simulation
vs. fast simulation

3. Detector performance simulation 2
— light propagation + Q.E.
3 I

— pixelization for triggers

LOI at han!s!u |tted§ l

1/26/2010 George W.S. Hou (NTU)



R00264/E00052: E,=10""%eV, E =10"*"eV,E_ _ =10"""eV

Elevation=-6.4°| Azimuth= 347.6°

Maunaloa
(Site1) |

Hualalai

Njw=4035 (C:1363, F:2672), R""=1.8km, R7""=5.4km

Decay Point

Impact Point "MaunaKea
(Site2)

Simple Fit => Pointing Accuracy

0.125deg

 NTA — v, /

Site0 + Site1: | 66 = 0.08°

George W.S. Hou (NTU)  EPSHEP, Wien, /7/24/2015 20
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Acceptance: Air & Tau vs Water & Muon

KW& use the v, distribution from CTEQ4 [ 14]. ine:%
ticity parameter from [ 3], and parameterize energy

loss in Earth by [12, 13].

2. We use 7 decay from TAUOLA and air-shower gen-
eration of Gaisser-Hillas + NKG [16].

3. For detector simulation, we incorporate light collec-
tion and throughput with simplified triggering logic.
Event reconstruction 1s not yet implemented. /

Assumed FOV

LC: 32° X 32°
Trigger Pixel: 0.5° X 0.5°
Sensor Pixel: 0.125° X 0.125°

trigger conditions:

e Number of detected photoelectrons per LC > 61.

e S/N estimated in track-associated 4 pixels x 64 pix-

els box (air-shower track included) > 4 [17].

) | . )
Point source, ar|'r'|val dir. Mauna Loa

0. =.30.00

Effective Area [km?]

IceCube

NTA 4 Sites, Azimuthl Direction:2
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— IceCube IC40+IC59
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log_ (E, /leV])

® ON«x

IceCube IC40+IC59

log, (E, /leV])

dir. Hualalai
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Ernie Bert Big Bird
E=1.1PeV, 8=23° E=1.0PeV, 6 =62° E=20PeV, 6=34°

What if one had better Sensitivity o
and accurate Painting Info?

Alexander Kappes, ICHEP 2014
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IceCube PeV Events
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NTA Differential Sensitivities

—
<2

———a—— Ashra-1 Commissioning v, Sensitivity (LOI at hand)

— — NFCv  fluence
— IC-FCv fluence

—
<,

2

NTA 6, =-10deg

E? x fluence [GeV ni’]
S

-
o
w

10*

10° z=

10?

10

N T R ST BRI IRy Sttt vrivt BRI
1072 10" 1 10 10? 10° 10

E, [PeV]

NTA Survey Depth: z ~ 0.15 (2 Glyr) for GRBv flux (Hiimmer et al., 2012)

NTA — v, Astro George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 24
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NTA v_ Survey Performance \[ﬂy

NTA Exposure +9

, =7
g 14AARRRNN NN
(/]

Vit
N

IceCube Exposure

TeV y-Sources
@galactic
@¢extragalactic

7 IceCube)
3 . M 100%
e 0%
Duty 10-20% from Ashra-1
v pointing accuracy < 0.2°
NTA can observe FOV Elevation 30° x Azimuth 360°

Galactic Center For GRBv
Survey Depth z < 0.15 (2 Glyr)

NTA — v. Astro George W.S. Hou (NTU) EPSHEP, Wien, 7/24/2015 25
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NTA Diffuse Sensitivity (3 yr)

—— PAO2012 [y
=t lceCube2012
——- ANITA2010
=< RICE2012
----- WB Limit
-i= NTA 3yr

-
o
A

E” Flux [GeV cm™s™sr
°
[4)]

10° =
107 =
I T Ahlers2010 {p,bestj-\
. | = =" KoteraZ010 (p,FRII)
10-8 — - Kotera2[}’l[}{Fe,SFR‘l.j.
i o | Sl K
10-9 | L Ll lem 1 1 LTI | Ll | L=l L1 lee I L1 LILI | L L linl v L Ll
10° 10° 107 108 10° 10"° 101

Neutrino Energy [GeV]
NTA Survey Depth: z ~ 0.15 (2 Glyr) for GRBv flux (Hiummer etal., 2012)
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NTA v_ Survey Performance W)

NTA Exposure +90 Hour . 1000
900

f ’f“ i W 1 3 . rCeS Sources
b, ~ ) \n‘_ SOU ctic
,_ t “ n e a"by P 0 " ‘\ @extragalactic

farget! \“‘*fffi:i'f.fff:_:ﬁii:;,-_._."‘ : S B
""" A A 0%
90°

Duty 10-20% from Ashra-1
v pointing accuracy < 0.2°
NTA can observe FOV Elevation 30° x Azimuth 360°

Galactic Center For GRBv
Survey Depth z < 0.15 (2 Glyr)

NTA — v, Astro George W.S. Hou (NTU) EPSHEP, Wien, 7/24/2015 27
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V. Towards a New Collaboration

Sc«hfd e
! @
¥
NTA Projected: ~ countries
C

all for Collaboration

At least 30 DUs
for Coverage,

Site D Location X [km] Y km| Z km| FOV [s]
Site0  Center 0.000 0.00 2.03 0
Sitel ~ Mauna Loa 991  -1047  3.29 m/2
Site2  Mauna Kea  4.12 13.82 1.70 /2 100 Myen each
Site3  Hualalal -14.02 -3.35 1.54 m/2

12 DU'’s per m coverage
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Neutrino Telescope Array (NTA)

Aim/Scientific Goal

Clear Discovery and Identification of
Nonthermal Hadronic Processes in the Universe,
be it Galactic, Extragalatic, or Cosmogenic.

Call for Collaboration

D

Let's Go to Hawaii !!

NTA — v. Astro George W.S. Hou (NTU EPSHEP, Wien, 7/24/2015 29
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Hawali Big Island as Site: happened as gotcha

Upolu Airogef
S+
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Kohala Coast
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(Sown Paint)

from Colloquium 3/2004 @ KIAS
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good Astro Site

Big Mountains w/ 40 km sep.



Three simulation stages

1. Mountain simulation: v, — t

v + N cross-section
— inelasticity
— energy loss of tau

2. Air shower simulation:
T — Cherenkov photons 1

— 1 decay mode
— CORSIKA detailed air shower simulation
vs. fast simulation
3. Detector performance simulation
— light propagation + Q.E. 2
— pixelization for triggers
— reconstruction

1/26/2010 George W.S. Hou (NTU)



 NuTel is the first experiment dedicated to earth
skimming for t appearance, but was terminated ...

 PeV cosmic v_rateis ~0.5
o Tirst set of two telescopes ready
« VHECR observation in Taiwan: prototype

deployment in 2009 indicates high light
background at Mei-Fong

 We learned challenge of mountain operation
—=> Tried pair up with CRTNT (&) ... they evolved ...
sira) NT

Ashra NTA - Astro v George W.S. Hou ICATPP, Como, 9/2013 33



Earth-skimming 1 Shower Imaging Method

reminder
Cherenkov Light
= 4 oV -9t CRBG [—
o 2 [ WAshra-lML)) JA— | N
= Mauna Kea
§ 0 \olume > 3,200 km?3
Mass > 9.3x1012ton
2
-20 10 20 30 40 70
Horizontal Distgnce (km) Shielding BG

Distance suitable for Huge Mass!
shower development: 4 km3 '
30 km ~10% km?* Ice

Ashra-1 already demonstrated this method !
ApJ, 736 (2011) L12

NIA — V. ASIro George VVU.S. nou (N1TU) -PSHEP. Wien, //Z24/201> 34 |
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Source candidates

:_—| 10.2 LI 'Illll[ | DS | Ill”ll LB ERALL LI
| & ——— Honda + ERS Atmos. v
@k Waxman Bahcall 2013
. 107k ~———— Loeb Waxman Starburst 2006 Deoerprlt et al. Proton GZK
e = e 1C58 Diffuse v Limit x 3
o 104 e IC79 v Unfolding (preliminary)
g == IceCube 2012 All Flavor Limit
> 10°
S,
b 1076 £ flux from
= veto analysis
o 10-7 IceCube
g = PRL, 9/2014
v
Ui 10° —
10'9 ‘// - - - - .
/ - - "ceCube upper~ -
10-10 Lol r 1 aanul ) R | 11‘L L1 lLGRB limit L1 ™

10° 10* 10° 10° 107 10° 10°

Alexander Kappes, ICHEP 2014, Valencia. 8.7.2014 V [ ] 16
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ler'v

Jaime Alvarez-Mufiez @ VHEPA2014'.:,
March 2014 @ Kashiwa, Tokyo Univ.

Differential limits to diffuse flux of UHEV
Single flavour (90% CL) .
10-4: T T T TTTTT] T T TTTTT] — T p’Ferml-LATbound
= v limits Fe, FRIl & SFR evol.
_ == == Full IceCube (2 yr) P & mixed |
™—10° 5 === Auger (6 yr) Astrophysical sources
h-’ — wumumn ANITA-II (28.5 days) AGN v
:ﬂl 10—6 i_ N A?&E&&g&ﬁ}. 3 yrs) ., —— Waxman-Bahcall_:
lE E K Pierre Auger E
o - PRELIMINARY]
:" Y 1 al
8-1--EIIIIIII. '”lulnlnlnlniﬂ T%
“I—l _
IceCut-)t’q, %'1}'0. _
PeV v's > .~ =
L") *h.. N
DR -
I “ §
%%/////////// * ]
10—10‘ 1; AT /rﬁ(/xiif"a A s R |||||E|,20 A |||||I|021
10 10 10 1 1
E, [eV]



http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php

NTA Organization

. IBEGUBE 250 people, 39 institutions, 11 countries

SOUTH POLE MEUTRINO OBSERVATORY

500 people, 18 countries

Pierre Auger Observatory %

he universe’s highest energy particles

NTA Projected: < 10 countries
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Shed Light on PeV Gamma?
.
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Courtesy T. Kifune.
LA. Anchordoqui et al./Journal of High Energy Astrophysics 1-2 (2014) 1-30.
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all for Collaboration

Currently: IEB[3:N, T, (US)A] & LIB (Local I.B)
Initial Meeting 11/2012

Near'-‘rer'm} LOT at hand _, VHEPA2015 (April) L Community Disc.?

Timeline [ (submitted 2014) Call for Collaboration ICRC 2015

funding ~ 2 yrs: construction ~ 5 yrs
use Ashra-1 for test/sci
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