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Hadron: Cutoff exists but what makes it?

GZK suppression? maximum energy scenario?
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= 1. CR Origins must be nearby within GZK horizon (~¥40Mpc) or our galaxy.
—> 2. Hadrons cannot be probes for sources outer side of GZK horizon or our galaxy.



Photon: Indicates Hadron Accelerators

Fermi-LAT: cutoff around 200 MeV
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TeV-y: many spectra favors hadronic models

Pulsar Wind
ebulae

VERITAS TeV

Sources:

Also CR
sources?

A.W. Smith, VHEPA2014




Number of events

IceCube: PeV events
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Neutrino: Indicates PeV emitters
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IceCube, PRL 111 (2013) 021103

IceCube: 28 events E,,, > 30 TeV
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relative enhancement of isotropic diffuse flux (a=159)

Ahlers & Murase, PRD (2014).
IceCube, Science 342



Exploring PeV-EeV Universe for and beyond CR Origins

Strategies:

1. Pin down PeV-EeV v,
sources with fine
point-back resol.

=> Direct evidence of
hadron accelerators
or CR origins

2. Check PeV-EeV v and
y-ray fluxes

=> |d. and discover breaks
of basic physics and lows

e.g. pp/py?,
Super-cutoff,
Lorentz invariance, etc.

=
VHE Universe “Labo.”
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Discovery of y-ray “Super-Cutoff” ?

L |
¢ %€.8. PKS1424+240 t=5 at z>0.6

- photon | —

~  local group pu—

- nearby clusters NN

- | & 0s0s [

— —

||||l|| | |I|||||| ] |||||||| | |||||||| ] ||||||I| | ||l||||| | |||||l|| L
10" 1 10 102 10° 10

Observable Distance [Mpc]

10°



Chronology

1997:
2000:
2000:
2002:

TA grand design
Signal/Track Finder
PAO funded

ES v. AS method

2002:
2002:
2003:
2004:
2008:
2013:
2014
2015:

2015:
2016:

NTA proposed

renamed into Ashra
Ashra-1 funded

15t search for OpF on GRB
15t search for ES v_on GRB
NTA Lol

VHEPA2014 @ Kashiwa

VHEPA2015 @ Taipei
IAC: A.Watson,F.Halzen,T.Kifune

NTA-meet @ ICRC2015 Hague
VHEPA2016 @ Honolulu, Jan.7-9
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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
events,




Chronology
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2000:
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PAO funded
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2002:
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2014
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2015:
2016:

Ashra-1 funded

15t search for OpF on GRB
15t search for ES v_on GRB
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Records of Design & Development of TA
Fluorescence Detector

|

~ TA

telescope uni

M.Sasaki, ICRR Future Planning Sympo. 1997.10.09 M.Sasaki, RESCUE-Sympo. 2001.11.14




Records of Design & Development of Ashra
Wide & Fine Imaging Detector

L PO P |
~ “Ashra @ Madha'Léa -+

Progress of Optics

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

‘ » Focal spot size ~0.01°

M.Sasaki, CosPA2003, Taipei 2-3 arcmin. resolution over 42deg FOV

2007: Installation on Mauna Loa



Ashra-1 LC Components

= [H K =300
400 d

DILFREF. O5REE. QWILFR)H— (for ZRFRX)




Ashra-1 X BiRE/\1TS514> (PIP)

> "':'\ /" I‘Ujj“—{ﬂ“ EE%_
",’- ,,ﬁ“"“ '

-




2-3 arcmin. Resol. Over 42deg FOV
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Real Shower Images

R0000847/E075258 120328 UT 13:30:44.356585 R0000847/E075258 120328 UT 13:30:44.356585

"=6.5x10"

pE_
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e All AS images -> Hillas image parameters, i.e. Width, Length, ...
* Same threshold and cluster cuts are applied as v_ search.




Ashra-1 Light Collector

NTA Baseline Design

AR ‘4.

"4 Ashra-1Mauna Loa Site ]

Table 1. Coordinates and FOV coverage of the Ashra NTA sites. - Concept_ quht Collector (@
Site ID  Location X [km] Y [km] Z[km] FOV [sr] A h 1 15 led Onptics with ¢1 5m oupil
Site0  Center 0.000 000  2.03 m Asnra-1 X 1.0 scaled-up P . ITEEL
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 Detector Unit (DU)

/ 4 LCs watching same FOV
~ 2
12 DU’s per 7T coverage 1000km? stereo syperimposed 4images

Need at least 30 DU'’s for Coverage = Effective pupil = ¢3m




Optical Fiber Transmission System

Coadds coarse images from light collectors & distribute to trigger sensors

Pmp . _
#1 Optical Coupler r

A L

#2 ' - TO / ¥_“._-':__i' "7 T 2 b
#3 r Cerenkov Trigger fogs

H4 W F

Optical Fiber Bundle To
- Fluorescence

Trigger
* 64x64 fibers(o.smm/fiber)

| +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.



NTA v, Survey Performance

NTA v_Exposure
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N 0%
90°

Duty 10-20% from Ashra-1

v pointing accuracy < 0.2°

FOV Elevation 30° x Azimuth 360°

US Dap of Stte Googrpher For GRBv (Hummer et al. 2012)
Survey Depth z < 0.15 (600Mpc)

Data SIORNEOAAMUES SN 57/ ANGAWGE B CO
2012 InavPGeosistemas SRL

Google earth
C

24° 32'50.78" S 163° 52'17.25" W #&%& -5206 m B 11001.72 km

NTA v_ can observe Galactic Center | | Wide & fine survey up to 15 x GZK-radius.




NTA y-ray Survey Performance

NTA y-ray Exposure +00 e I 1000

@A |-

Hawaii Island. \\ g
T —— e

Cube Ex X 3
IceCube Exposure = 90 TeV y-Sources

@galactic

N,:_- @extragalactic
70 F;
;
W Gl
\\\::f'i‘-.;—-““-.;:'"'z‘; . 47 IceCube)
\*-.\ -..« . ey 4 .1000/0
—= el : 0%
90°

Duty 10-20% from Ashra-1

y-ray pointing accuracy < 0.2°

FOV Elevation 30° x Azimuth 360°
S o st Large zenith => PeV y-ray aperture

R 2012 Google
Data SIORNOAAMUEFSEN 5V N (GAWGE B CO

Google eartt
C

© 2012 InaviGeosistemas SRL

T —— reee® Fine image in wide FOV @ large zenith,

Cherenkov & Fluo. indep. triggers
=> y-ray obs. in PeV-EeV range

NTA y-ray can also observe Galactic Center




Chronology

1997: TA grand design

2000: Signal/Track Finder

2000: PAO funded

2002: ES v, AS method

2002: NTA proposed

2002: renamed into Ashra

2003: Ashra-1 funded

2004: 15t search for OpF on GRB
2008: 1t search for ES v_on GRB
2013: NTA Lol

2014: VHEPA2014 @ Kashiwa

2015: VHEPA2015 @ Taipei
IAC: A.Watson,F.Halzen,T.Kifune

2015: NTA-meet @ ICRC2015 Hague
2016: VHEPA2016 @ Honolulu, Jan. 7-9

0aSité  Heinz Kampert (Wuppertal)
April
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 - - L i~ u (NTU)
The oth International workshop on Very High Energy Particle Astronomy (VHEPA) will be held Jan 7-9, ™" S Hee TV

2016 at the University of Hawaii at Manoa in the East-West Center (EWC)

This workshop will focus on future projects to measure very high energy particles and cosmic rays
including the NTA (Neutrino Telescope Array) proposal for the Big Island of Hawaii, ANITA, ARA,
ARIANNA, AUGER, CTA, GRAND, HAWC, IceCube-Gen 2, JEM-EUSO, KM3NET, LHAASO, and TA
In particular, following the observation of astrophysical neutrinos by IceCube, there is world-wide

> above IceCube and below the

neutrinos in the ene|
xperiments. Although A A observed ult
have not yet been detected either. There
gy cosmic rays. Ample time for informal technical discussion of these issues will
be planned at the workshop.

inter ge covered by

high energy cosmic rays, neutrinos
e no confirmed point sources of
neutrinos or hl’)u nerg

Confirmed speakers

Jim Beatty

John Belz

Mauricio Bustamante
Peter Gorham
Sadakazu Haino
Francis Halzen
Jordan Hanson

Kael Hanson

§§:f:f.;‘:*;'].‘,‘.:;;;\L\ For Ashra-1,
Kohi NTA = internationalized Ashra-2

Gordon Thomso
Michael Un,
Amanda Weir
Lawrence Wiencke
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



L

L. Ashra-1Mauna Loa Site

NTA Funding Request Construction / Partial Observation Full Observation

Toward PeV-EeV tau v & y-ray survey

Ashra-l Test Observations / Multi-particle/ Multimessenger

- - == —

Principal Demonstration

Akeno Training / Aging / Test Observations

Developments / Assembly




Obs01 (2008-2009): Obs03 (2012-2013):

. . B o . .
Trigger Pixels | 20| B 20 Trigger Pixels
for CR: o 8 . for CR:

62 trig. pixels E 4 trig. pixels
10p=
44.4 hrs : 10 1884 hrs
sf 5 Alt: 14.63°£1.29°
o Alt: 11.71° Azi: 21.99°+1.29°
E trajectory of GRB081203A AZi: 21'990 Fine Pix: 0.05°/pix
.5:_ \
TR A —
Trigger Pixels E =SENEn= Trigger Pixels
-15[— il
for Taus P . - 13 for Taus
62 trig. pixels |*F e 20 58 pixels
197.1 hrs ; L 20 15 -0 o 5 10 15 20 1950 hrs
orizontal [deg] Horizontal [deg]
* 5Swift, 9 Fermi
CR Spectrum imi i i
P GRB VT Limit Satellite GRB Na Trlggers in FOV
2WE = E'E —— Asha miton:. om GRB0BIZ0A Jw g Swift | GRBOS12| « Aot of events pass
5 - K proton ue % e —_——— IcerCube Iimitron rm!l:mt ‘OLI'I - -; 10° "E Fermi GRBOQ()‘ H 1
A [ vonMc Swp - = Lt;‘:‘:!’.:i}‘n”n";::ﬁ';}°:":’°”= Eb sspoervil Wi FOV within 24 hrs
£ § "' -~~~ Rice lmiton aftrglow v, Jw % Swift GRB09102F [ -1.6x10° —3.3x10°
. 3} Jw X Fermi | GRB100216A | -4.0x<10° - 1.1x10*
W otk kP Swift [ GRBI100906A | -1.0x10* —4.0x10?
0 EM Fermi GRB120120 | -1.4x10% -89x103
! 0k - ObtsErpead 3, Fermi GRB120129 | -1.6x10° - 6.7x103
e £ Fermi GRB120327 | -9.9x10? -8.2x10!
& el s el Swift GRB120911 | -2.4x10* - 6.8x10!
Observed Energy [PeV] E, [PeV] Fermi GRB121019 -1.7 % |03 L7 e £ 103
Swift GRB121212A | -5.8x10% —2.6x10*
Fermi GRB130206 | -3.3x10° -7.5x10*
[1] Aita et al., 2011, ApJ, 736, L12 - To be updated Fermi | GRB130215 | -2.7x10% — 4.3x 102




CRE,, . Spectrum

Interesting
discrepancy bet. MC

Obs01: 140 events Obs03: 824 ev Iron and Proton

) MC normalization by CR flux. e

5'% E P i 4 Data Eﬁ i $ Data

E i MC Proton < L % — MC Proton

E MC lon - ¢ m—i — MC lon

10— C 4
o - BE
= Tt
e =
: -
N T T T T T T A SN SN H A M N 1 E‘||||\|I||||I\|||||||\||||||||||
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3
Log10(E/PeV) Log10(E/PeV)

Source of Systematics  Error [%] Updated Very Preliminary
Trigger Threshold 19
Atomsphere & Optics 21
DAQ Efficinecy 6.3
Weather Condition 6.4
Sensitivity Total 30 Become negligible due to LED
Fine Tmage Gain 30 — | flusher calibration




Local Exposure Control

Central (Site0): Fluorescence

2
g, :
15
7
.
Hy}
% - f *
"
/
™ v'

0.125deg

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




Ashra-1 Observation Periods

BTN TR I TS

06.28 06.05_10.07 01.11 03.25

Installation Obs01 Obs02 Obs03

(1551hr) (2212hr) (1950hr)

Opt. Flash | =) ———————)  —— [ >
w w w N
Ceren. v_ Q - > S = [ >
Commiss. £ < =4
(197.1hr) & S S
Ceren. CR *B 3 = sssss——) = © >
Commiss.
(44.4 hr) Commiss.
Fluo. V.‘/CR * Published => (xxx hr)
Satellite GRB Name tinrov —to [sec]
Swift | GRBOSI203A | -1.2x107 —5.6x<10°
e Total Obs. Time: 5713hr Fermi GRB090428 | -8.1x10% —5.9x10?
Fermi GRB090429C | 4.1x103 - 1.7x103
* Ave. Duty: 19 % Swift | GRB091024 | -1.6x10% —3.3x10?
Fermi GRB100216A | -4.0x103 —1.1x10* ° 5 SWlft 9 Fermi
Swift | GRBI100906A | -1.0x10* —4.0x103 ) rT
Fermi GRB120120 | -1.4x103 —8.9x103 Tnggers in FOV
Fermi GRB120129 -1.6x103 —6.7x103 A I t f t
Fermi GRB120327 -9.9x103 —8.2x10! o Ot OT events
5-faceted Swift GRB120911 2.4%10* - 6.8x10! EOV withi
. . Fermi GRB121019 | -1.7x103 —-7.3x103 ass witnin
Rain & Fog Monitor Swift | GRBI21212A | -5.8x103 —2.6x10* P
Fermi | GRBI130206 | -3.3x103 —7.5x10? 24 hrs
Fermi GRB130215 2.7x103 —4.3x102




Ashra-1 EnNERE A (FST)
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http://www.vector-international.be/C-Cam/sensors.html
http://www.vector-international.be/C-Cam/sensors.html

Ashra-1/ NTA Trigger Sensor

R8400-00-M256

( H9500 )

- Trigger Sensor Unit (

nnnnn

R R AR 7

TSU) =

16x16 trigger pixs /chip on R8400-00-M256
followed by Trigger Decision LSls (ASIC)
- 4x4 TSUs for 1 Detector Unit

VOS

i
e
OP-AMP
OP-AMP

Pixel Circuit Diagram
Vg
|

N

Vempig

comparator

out



KEEAREBERIO Y2 (Track Finding)
& EE 3| 7F 3] B

MAPMT, BEEFIERBEBESNT-EFTZE
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Trigger Test with Laser Tracks

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

0.125deg / pix




LED Flasher for Gain Calibration

PLI+PIP Trigger Readout can be calibrated

even during Physics Run (e.g. 0.01Hz) w105
2 F Mean 594
& 705— ?’Mlidf 1154134
? 60 Constant  71.08 i+2.83
LED@405nm :0 Sigma 5448 00,431
an Half 2
Opt. A “F PD monitors LED
30 . .o
[ — 20— ap ofpe
Photo diode )3 ~1% reproducibility
I

570 580 590 600 610 620
Charge [ADU]



Rehabilitation Jan. - Mar. 2015

&he Washington Post

Capital Weather Gang

White Christmas in Hawaii? Snow falls on
Big Island peaks, Blizzard Warning issued

NDLTRIA S - JURTRZ? \DABOBET
BENSD., TUY— REBHRS

By Jason Samenow

A 2014F12823HDD> > b - IRA KD,
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Summary

We are now just one step away from clearly identifying CR origins and more.
Ashra/NTA: PeV-EeV Universe Explorer with v & y rays for and beyond CR origins.
Validation for v, based on updated CR Spectrum OK

=> Soon following analyses will be completed:

— Diffuse v_flux search

— v, s from many GRBs passed through Ashra-1 FOV
CRE,, . Spectrum has physics potentials:

— Composition as a function of E_,

— Need more statistics and to eliminate systematics

We would increase trigger pixel coverage (statistics) and start stereo observation
(systematics) for v_and CRs. => Demao. for NTA physics potential.

| » Same orientation
ﬁﬂﬁ' L l p.omm | e -> stereo-analysis will be possible
. “7Ashra @ Madha'loa F N with more distant separation
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