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Abstract

4. Earth-skimming tau neulrinos

Very high energy neutrmnos penetrate the Earth
and convert to charged leptons which then travel
through the Earth. This sequence is dllusirated 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
events.

Astroparticle
Physics




Earth Skimming Tau Shower Method
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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

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

/A

i Ashra-1 Mauna Loa Site

Table 1. Coordinates and FOV f the Ashra NTA sites. :
Gl et Xl Vil 7l vovn || ) Coneept Ligli Collesion { )
Site0  Center 0.000 000  2.03 . Ashra-1 x 1.5 scaled-up Optics V\fth ¢1.5m pupil
Sitel  Mauna Loa 991  -1047  3.29 /2 + same trigger & readout || FOV 28" =focal sphere ¢50cm
Site2 Mauna Kea 4.12 13.82 1.70 w/2
Site3  Hualalai 1402 335 154 /2 Detector Unit (DU)

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

12 DU’s per T coverage

Need at least 30 DU’s for Coverage




NTA Simulated Event 1

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

\

Central (Site0): Fluorescence

Hualalai

Maunaloa

/
Mauna Loa (Site1): Cherenkov A o
' N < Impact Point 77 'MaunaKea

(Site2)

Nj=4035 (C:1363, F:2672), R""=1.8km, R}""=5.4km

Simple Fit => Pointing Accuracy

Site0 + Site1: | 56 =0.08°

0.125deg / piX

Monostatic Cherenkov => Pointing Accuracy < 0.2deg
(Y. Asaoka and M. Sasaki, Astroparticle Physics 41, 716 (2013).)




NTA Simulated Event 2

Central (Site0): Fluorescence

A \/w/,

R00264/E00008: E,=10"""eV, E =10""%eV, E_ _=10"""eV
Elevation=-2.5% Azimuth= 25.2°

N

EL 1N

4 r MaUna Kea

Simple Fit => Pointing Accuracy

Site0 + Site1: | 50 = 0. 007°|




NTA v_ Survey Performance

NTA Exposure +90 Hour .

ci 33883813

IceCube Exposure

TeV y-Sources
@galactic
e@extragalactic

=

' IceCube)
. M 100%
= 0%

Duty 10-20% from Ashra-1
v pointing accuracy < 0.2°

NTA can observe Galactic Center FOV Elevation 30° x Azimuth 360°

For GRBv
Survey Depth z < 0.15 (2 Glyr)




Limits to Diffuse Flux of VHEV

Single flavour (90% CL) Cosmogenic v models
10_4= T T TTTTT] T T TTTTT] — T P, Fermi-LAT bound
=+ limits Fe, FRIl & SFR evol.
[ == == Full IceCube (2 yr) p & mixed |
T10° | wmm—— Auger (6 yr) Astrophysical sources
'a = somumin ANITAC (28.5 days) AGN~v
- — unmmmnn. ASHRA NTA (3 yrs) - = Waxman-Bahcall
Ntn 10° (expected) . —
IE § Pierre Auger E
L8] B PRELIMINARY
E 10-72_ S ”.”.HIHII.i.HI.H'”-lTE
— = e e e —— q'h\\ ————— E
5 10® &, <
E — .~ -
5 F . .
W0 R E
— \ =
L Y —
= . -
— A “ —
10—10- 1 Lol PN R

10%° 102!

All limits converted to single flavour and given per half a decade of energy
J. Alvarez-Muniz (Auger) VHEPA2014



Cosmogenic v and UHECR Components
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the Pierre Auger Observatory

Pierre Auger Collaboration

E3](E) [eV2 km~2sr! yr‘l]

GZK suppression
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Q1: GZK effect or Exhausted Sources ?

maxium energy scenario

1038

E°J [eV7 km™ st yr-]
(=}

1035

—

T Ilbl\l\

ca \III|

work in
progress

p directly
from source
Ll

185 19 20 205

log . O(Eef'e\f )

Emaxp - |0|8'6 eV ->
Ema)(Fe -~ |020 eV

4

Emax Of sources ? Standard Fermi acceleration ? i

W"-

Karl-Heinz Kampert - Univ. Wuppertal

43

-——-———*

VHEPA, Kashiwa/Tokyo {Japan), March 19-20, 2014

Karl-Heinz Kampert, VHEPA, Kashiwa/Tokyo (Japan), March 19-20, 2014




lceCube PeV Events

PRL 111, 021103 (2013)

What if one had better Sensitivity
and accurate Pointing Info?



Number of events
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10 I atmospheric v prompt
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IceCube 28 Events

Ahlers & Murase, PRD (2014).

TS=2log (L/Lg)

8% Significance

Hour 1000
I 900
800
700
600

| 180 500

IceCube, Science 342 —

100




NTA Funding Request Construction / Partial Observation

Full Observation

Toward PeV-EeV tau v Servey

Ashra-1

Test Observations / Multi-particle/ Multimessenger

Principal Demonstration

Akeno

Training / Aging / Test Observations

Developments / Assembly




Particle Energy [eV]

10%

—— 1

10%
1021
10"
10"
10"
o highest Sheerved T emerey
|__galaxy
L.
1011 -
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- nearby clusters NN
10°— 1 &Q
_IIIIII| | IIIIIII| | IIIIIII| | IIIIIII| ] IIIIIII|
102 10" 1 10

Observable Distance [Mpc]
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Universe

* Nearby
(Galactic/Local)

* Multi-particle
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* Y
° vV

Ashra/NTA =>
PeV-EeV Universe
Explorer




Ashra-1 Obs04 y Exposure

DEC (degree)

o ©

Z.enith Angle < 45"

Hour
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500

{ 400
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Ashra-1 Observations
Mmm

06.28

Installation

06.05_10.07

Obs01
(1551hr)

Opt. Flash

S w
Eeren. % Co%miss g
(197.1hr) &
Ceren. CR/y * 3
Commiss.
(44.4 hr)

Fluo. v /CR

* Published

Obs02
(2212hr)

Satellite GRB Name tinrov —to [sec]
Swift GRBOSI203A | -1.2x10¥—5.6x10°
Fermi GRB090428 8.1x103 -59x103
Fermi GRB090429C | -4.1x10% - 1.7x103
Swift GRB091024 | -1.6x10% —3.3x102
Fermi GRB100216A | -4.0x10° —1.1x10*
Swift GRB100906A | -1.0x10* —4.0x 103
Fermi GRB120120 -1.4x%x103 —-8.9x103
Fermi GRB120129 -1.6x103 -6.7x103
Fermi GRB120327 -9.9%10% — 8.2x10!
Swift GRB120911 2.4x%x10%* - 6.8x10!
Fermi GRB121019 | -1.7x103 -7.3x10?
Swift GRBI121212A | -5.8x103 —2.6x10*
Fermi GRB 130206 -3.3x103 -7.5x10*
Fermi GRB130215 2.7x10° —4.3x10?

01.11 03.25 S

Obs03
(1950hr)

>

==

Obs. Time: 5713hr
for Obs01-03 since 2008
Ave. Duty ~ 20%

Commiss.
(xxx hr)

23



Tau Deflection & Decay Energy After Propagation in Rock

log (A Angle/[rad])

100

L1l |I||||||I||
- (1]
“‘TZ 13 14 16 16 17 18 19 20

fleV])

I-ngw {Emr;a-_.-

Directional Reconstruction < 0.2deg
Asaoka & Sasaki, Astropart. Phys. 41 (2013) 7-16




Ashra-1 LC Optical Performance

=10 g
o L~ 1
£ | AuData (572 Events) g
@ o[ Distance < 3 Pixel R
o 9_ &0 'f:s'. Co
| if g
. ‘ T C Wy
Ashra-1 Light Collector e o KTpiahgt 8- o
:_ e ' : E ey S_'f'::. -
3 7t T
3 6
£ s .
; ‘ _ 7\ - Catalog Star & Source Pairs
= LIT Resolution (PLIT#T + Ampll HD0053) | ) o o ———
-~ I PLIT + Ampll 5 6 7 8 9 10
E + Ampll (ML Bench)
E i 01851 4 pLIT + Ampll (installed in LC) Catalog [B Mag]
- % n.16;— —4— PLIT + Ampll (w/ Stars)
K o 014
] T r
E 0.12:‘
= 0
=
0.06/— L -+ &4
0.04) 2 arcmin
0.02[—
= B B PRI B
o 5 10 15 20 25

Incident Position [cm]

Total Resolution: ~3 arcmin image in 42° FOV

Can cover Mauna Kea surface at 35 km distance

=> Shimizu’s Talk




20” Photoelectric Lens Imaging Tube (PLI)

Large : World largest I.I.
Fine :FWHM =40-60pm @output window
Stable: No performance degradation for 3.5 years

Contents lists available at ScienceDirect
Nuclear Instruments and Methods in
Physics Research A

sev {

journal www.el

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

Yoichi Asaoka *, Makoto Sasaki
sttt for Casmic Ry Research, Universiy of

¢ BV, All righ

rved

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

Improving Sensitivity
=> Dev. with HPK




Ashra-1 Pipeline Trigger & Readout

RUN# 0270
201 2-02-05 05:31:30
demonstrated S

SRS -,
. &_, "

Optical 4s or 1s

Photoelectric Lens Fine-image Sensor
Image tube (PLI) >

. [
-\\ ey
\ Transmission System shutter

discriminator signal

I

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.



Photoelectric Image Pipeline (PIP)

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

0.23m
m
a m
§ 45% = at Minimum
w 40—
£ _F
E 30;—
25;—
2n? h
15E- N\ 2arcmin
E S .
10—
E W
°F A
0 5 10 15 20 25 30 50

*Rms Diametar | umi => 21 LP/mm => ~larcmin



Optical Fiber Transmission System

Coadds coarse images from light collectors & distribute to trigger sensors

Pmpm . _
#1 Optical Coupler r

‘_-E_‘,\- ' O | g
H2 W To 5
H3 P . Cerenkov Trigger ! .
#4 F
Optical Fiber Bundle To ,
v Fluorescence 7 .
Trigger 64 X 64 MAPMT

* 64x64 fibers(o.smmf)
g ° 0.67deg-FOV / fiber

Light collectors can be easily appended to the trigger.

Sensitivity can be reinforced when more budget is available.



Ashra 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



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 . O] . LSI Cnt
LS| Cnt [4 . 0] Xsel[63:0]
Ysel[63:0]
*Trig #
Trigger PC




JdH

B4 64

1S

Trigger Board Functions

B A e AT

B4+64 54+64

* FST

F 3
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axd *IES)

Brrca
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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




Local Exposure Control

Central (Site0): Fluorescence

0.125deg

Global Exposure Control Local Exposure Control
=> |deal Noise Reduction
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Oshima (Toho Univ.) JPS2014A
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Oshima (Toho Univ.) JPS2014A
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Oshima (Toho Univ.) JPS2014A
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Oshima (Toho Univ.) JPS2014A
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Shimizu (Toho Univ.) JPS2014A
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AshraEERIZH VN TGRBFEE([T1HEZFREEL TAO—AHILIZGRB 081203AZFRIEL-HE R,
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Conclusions

Ashra-1/NTA => PeV-EeV Universe Explorer
Optical Air-shower Technique
Multi-particle Astronomy (vy,v)

Forming NTA collaboration internationally

Collaborative demonstration running successfully at
Akeno with Developed Trigger & Readout for
fluorescence and pulse laser System

About publishing physics results (optical transiensts,
v_, CR spectrum, ..) from 5700hr observation with
Ashra-1 =>ICRC2015

Almost ready for Obs04 (2015.4-) on Mauna Loa



