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VHEPA2016

NTA proto-collaboration & WG formed.



Multi-messenger search for PeVatrons

-ɹǊŀȅ ŀƴŘκƻǊ ˄ ŜƳƛǎǎƛƻƴ ŜȄǘŜƴŘƛƴƎ
unattenuated in the HE domain: 
Eɹ < 100 ʆŜ±, En> 1PeV (high boost)
->  can point-backfar away to the object

Cosmic Accelerator
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PeVg-rays:  Labsorp~ 10 Kpc due to e+e- prod. with CMB  
-Ҕ ΨΨǎƳƻƪƛƴƎ ƎǳƴΩΩ ƻŦ DŀƭŀŎǘƛŎ PeVnemission

NTA uniquely detects all kinds with fine point-back reso.

Clear ID: 1st step in solving this puzzle



The IceCubesignal 

M. Ahlers, 2017

Galactic Ridge

Fermi
Bubble

Sources not yet identified clearly without TXS0506+056 case  

Moderate excess
Galactic Ridge? Fermi Bubbles?

track mevent cannot cover GC



PeVatronin the Galactic Center?
Diffuse emission from the GC 
without a perceivable cutoff

Point source emission with a 10 TeVcut-off

To clearly fix it, detector required:
1) g-ray/nmultiple observation
2) 0.1deg.resolution like IACT 
3) good sensitivity for Eg> 50 TeV
->  NTA meets.

Nature 531 (2016)

HESS PSF

HESS GC observation 227 hours / 10 years



NTA GC Sensitivity

NTA Cer. 1yr

NTA flu. 1yr

IceCube



Galactic Ridge diffuse PeVemitter?

Neronov2014



photo-pion process:

hadro-nuclear process:

n-oscillation:n & g fluxes :

Provides Source Physics

tǊƻǾƛŘŜǎ ±I9 ¦ƴƛǾŜǊǎŜ άLaboΦέ



On-resonance: Cosmogenic or GZK process:

Off-resonance: EBL process:

CMB

CMB

Deflection angle of propagating CR protons:

Still point-like

PeV-EeVn & g Astronomy!



Multi-messenger energy budget
Center Axis

1PeV

NTA g-ray/CR observation range

NTA nobservation rangeNTA checksg/CR/nfluxes.
Unique E range coverage.



Mauna Loa: one of the best sites for imaging astroparticle

The largest subaerial volcano in both mass and volume, Mauna Loa has 
historically been considered the largest volcano on Earth. It is an active shield 
volcano with relatively gentle slopes, with a volume estimated at approximately 
18,000 cubic miles (75,000 km3).  [en.wikipedia.org/wiki/Mauna_Loa]

2x1014 ton ~ 200,000 km3 Ice



Ashra/NTA designed as ES-ntImager

Chronology:

2002: ES ntAS method published 

2002: ES-ntImager NTA proposed

2002: renamed into Ashra

2003: Ashra-1 funded

2004: 1st search for OpF on GRB 

2008: 1st search for ES nton GRB 

2013: NTA LoI

2014: VHEPA2014 @ Kashiwa

2016: VHEPA2016 @ Honolulu



Tau / Mu Propagation in Rock

Radiation term is suppressed due to mass Mt / Mm~17.

Photonuclear effect dominates above 1PeV.
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EXTRA 

DIMENSION 

SEARCH

1 PeV
A.Connollyet al., PRD 83, 113009 (2011)

NTA -ɜŰ



Ashra/NTA: Quasi-Horizontal AS Detector

Primary ID with arrival direction
Ý AS from Earth or Mtn.

Ý nt(ˉ ) sources 
Ý AS from Sky: ɹ-rays or CR

Ý PS: association
Ý diffuse: shower-shape
Ý -ɹray ( 0̄) sources 

Mauna Loa

Ashra / NTA

Mauna Kea

- huge ntarget mass 
- temerges since it is heavy 
- separated volumes for ntarget  

and light yield
- AS light transparent in air
- BG shielded 

-> phys. BG free environment



Hualalai

500m

km-WC Detector

Advantage of using air-shower light
for VHE neutrino search

R >> 600m
Not Detect

Attenuation: 100min ice

Attenuation: 20km @ UVin air
>50km @ l=500nm

600m

ice
R < 600m

Detect



ES-ntimagers
2003 2013 2017

ML -OS LoIAshra-1 NTA

EUSO

2016

Look-out 
layout

NTA

NuTel

2019

POEMMA

CHANT

Trinity



Mauna Loa view 

from Mauna Kea

Mauna Loa Observatory

Ashra Site

Mauna Loa (3300m a.s.l.)

Ashra-1 Mauna Loa Obs. Site (ML-OS)

(Evidence of Global Warming due to CO2)



Ashra-1 Construction of ML-OS  
(2005-2007)

Mauna Kea

2018 NTA site survey





Å TotalObs. Time:  5713hr 
Å Ave. Duty:            19 %

Ashra-1 Observation Periods

Å 5 Swift, 9 Fermi   
Triggers in FOV

Å A lot of events 
pass FOV within 
24 hrs

5-faceted
Rain & Fog Monitor

Ceren. ˄ /̱CR

2019

2013



Ashra-1 Light Collector

ÅModified Baker-Nunn

ÅCorrecting lens

ÅSpherical mirror

ÅPhotoelectric lens IT

ÅMount structure

=> arcmin. resolution over 42deg FOV

=> Very cost-effective



1. Float glass  curved mirror:
f850 x t8  Cut => 10 kg / seg. piece
Total 7seg / LC => f2.2m & ~70kg.

2. Evaporation of Al +  Al2O3 coating
=> UV enhanced

3. On-site test just before installation:
all segments (~200 pieces ) OK: 
>85% @ 470nm   => >88% @ <400nm   



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

=> Combined spot s = 0.19mm
=> corresponding to 0.46arcmin = 0.13mrad

Installation of Segment Mirror on 
Mount @ Ashra Mauna Loa Site

Combined spot: s = 0.19mm 
0.46arcmin=0.13mrad



2-3 arcmin. Resol. Over 42deg FOV with Ashra-1 LC

12Mag./1s
exposure

42deg.
March 2, 2017M. Sasaki, Imaging Multi-Astroparticles with NTA 26


