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Y 1. CR Origins must be nearby within GZK horizon (~40Mpc) or our galaxy.
Y 2. Hadrons cannot be probes for sources outer side of GZK horizon or our galaxy.
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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

Earth \\\

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

avents,
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Recortscof Design & Development of TA
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Recortdsoofbbesiga &development Abhra
Wide & Finellmaging Betector
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Progress of Optics

« TA ... Davies-Cotton « ASHRA ... Baker-Nunn
*«FOV ~ 16 ° / Telescope *» FOV ~ 50 ° / Telescope

‘ » Focal spot size ~0.01°

M.SasakiCosPA2003, Taipei 2-3 arcmin. resolution over 42deg FO\

2007: Installation on Mauna Loa
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Ashra-1 Light Collector

NTAB&SBHI@%IQH

Table 1. Coordinates and FOV coverage of the Ashra NTA sites. K Concept_ quht Collector ! C:
Site ID  Location X [km] Y [km] Z[km] FOV [sr] A h 1 X 1 5 led Opticswith f 1.5m punpil
Sited  Center 0.000 000  2.03 w Asfhra-1 X 1.oscaleaup P SR
Sitel  MaunaLoa 991  -1047  3.20 /2 sametriggeré& readlout FOV 28 =focal spheré50cm
Site2 Mauna Kea 4.12 13.82 1.70 w/2
Site3 Hualalai -14.02 -3.35 1.54 /2

Detector Uni_t DU)
X W $5pddverdgk| ~1000kn?stereo S Same T

Superimposed 4 images
Need at least 3¢ 5 6 QCov&lage K Effective pupil =f3m




Optical IFiberriransmissiof System

Coadds coarse images from light collectors & distribute to trigger sensors

| o = am -
#1 Optical Coupler F o

#2 ' - T 0 £ h“._“:..i' B
#3 W Cerenkov Trigger i

#4 W F

Optical Fiber Bundle To
- Fluorescence

Trigger
A64x64 fibers(o.smmifiber)

# A0.67deg-FOV / fiber

64 64 MAPMT

Light collectors can be easily appended to the trigger.

Sensitivity can be reinforced when more budget is available.



NTAR, SurveyPerformance

NTAA Exposure
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US 0ot of tate o For GRBn (Hummer et al. 2012)
Survey Depth z < 0.15 (600Mpc)
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NTAR, can observe Galactic Center| | Wide & fine sunveyuupdd 5 x GZKradius.




NTAY-ray SunveyReldormance

NTA y-ray Exposure +00 e I.m

@@L |-

Hawaii Island. \\\ y %
R -

IceCube Exposure o 90 TeV y-Sources
P @galactic
v @extragalactic
7 e {
{
i e ¢ 1
\\\::.r:'i‘z;—-““-.;:'"'z‘; . 47 IceCube)
E . s £ B 100%
— . ; 0%
-90°

Duty 10-20% from Ashra-1
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CherenkovegFlue. indep. triggers

NTA Aray can also observe Galactic Center

F>p-ray obs. in PeMEeVrange




1997: TA grand design

2000: Signal/Track Finder
2000: PAO funded

2002: E®, AS method

2002: NTA proposed

2002: renamed int&Ashra
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2013: NTA ol
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2015: NTAmeet @ ICRC2015 Hague
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ergy P,artlcle Astronomy

Heinz Kampert (Wuppertal)
April 8
e Wei-Shu Hou (NTU)

» Sokolsky (Utah)

sel DuVernois (Wisconsin-Madison)
Cao (HEP)

Heinz Kampert (Wuppertal)
sel DuVernois (Wisconsin-Madison)

shi Kifune (Tokyo)
Chen (NTU)
to Sasaki (Tokyo)

y - - rge Wei-Shu Hou (NTU)
The oth International workshop on Very High Energy Particle Astronomy (VHEPA) will be held Jan 7-9, ™" o
2016 at the University of Hawaii at Manoa in the East-West Center (EWC). L 2 ‘ 4

)

This workshop will focus on future projects to measure very high energy particles and cosmic rays
including the NTA (Neutrino Telescope Array) proposal for tk aii, ANITA, ARA,

ARIAN AUGER, CTA, GRAND, HAWC, IceCube-Gen 2, JEM-EUSO, KM3NET, LHAASO, and TA
In particu ‘Iu following the observation o rophysic: 1lmul'mo~|)\ IceCube, the!
interest in measuring neutrinos in the energy range above IceCube and below the range covered by
Auger, TA and other experiments. Although ANITA observed ultra
ZK ene! have not yet been detected either. There
neutrinos or hi;

» is world-wide

-high energy cosmic rays, neutrinos

in e no confirmed point sources of

gh energy cosmic rays. Ample time for informal technical discussion of these issues will

be planned at the workshop
Confirmed speakers

Jim Beatty

John Belz

Mauricio Bustamante
Peter Gorham
Sadakazu Haino
Francis Halzen

Jordan Hanson
Kael Hanson

Geovas Ho For Ash ral
Brian Humensky ]
Albrecht Karle
I'li Katz . : .
NTA =anternationalized Ashra2
‘l A ()Iillln
N )mmuL Otte
Makoto Sa
Gordon Thomson
Michael Unger
Amanda Weinstein
Lawrence Wiencke

aki

Tolga Yapici
International Advisory Committee: Francis Halzen, Tadashi Kifune, Alan Watson, George Wei-Shu Hou
Local Organizing Committee: Philip von Doetinchem (chair), Veronica Bindi, Tom Browder, Peter

Gorham, Jason Kumar, John Learned, Danny Marfatia, Bob Morse; Jan Bruce, Jacky Li and Josie
Nanao
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TowardPeVVEeMaung -ray survey

A§||1]|‘a.1 Test ObservationsMulti-particle/ Multimessenger
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Ashra @ Madha“Loa

Akem Training / Aging / Test Observations

Developments / Assembly
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Trigger Pixels
for CR:

4 trig. pixels
1884hrs
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5 Swift, 9 Fermi
Triggers in FOV
A lot of events pass
FOV within 24rs
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CRE, . Spectium

Interesting
discrepancy bet. MC
Obs01:140events Obs03:824eveg Iron and Proton
o MC normalization by CR flux. ]
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Localt=xposure control

Central (Site0): Fluorescence

0.125deg

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




Ashra1l ObsemnvationrPReriods
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http://www.vector-international.be/C-Cam/sensors.html
http://www.vector-international.be/C-Cam/sensors.html
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Ashra-1/ NTA Trigger Sensor

R R AR 7

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

- 4x4 TSUs for 1 Detector Unit

Pixel Circuit Diagram
Vg
|

N

ﬂ — out
R8400-00-M256  H9500 . ‘H>4

Vempig




HEFIO Y (Tragkrinding)
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TriggerThkestwith Laserdtracks

. Laser Track Triggered with Track
| Central (»SlteO): Fluorescence Finding, 9.6mJ/pulse @532nm

1Sy .‘;?\

0.125deg / pix




LEDrElasheibtor Gaim Calibration

PLI+PIP Trigger Readout can be calibrated

even during Physics Run (e.g. 0.01Hz) B o
L
5 sk Eonstart 7108 248
LED@405nm g Sigma 5,446 £0.131
an Half 2
Opt. A “F PD monitors LED
i — 201 .
Photo diode i ~1% eproducibility
i

570 580 590 600 610 620
Charge [ADU]
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