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Chronology

1997: TA grand design
2000: Signal/Track Finder 
2000: PAO funded
2002: ES ntAS method
2002: 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
2015: VHEPA2015 @ Taipei
2015: NTA-meet @ ICRC2015 Hague
2016: VHEPA2016 @ Honolulu, Jan. 7-9 
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1st AshraCollaboration Meeting in 
2004 at East-West Center of UH

Toho University
Nagoya University
Chiba University
Ibaraki University
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Mauna Loa view 

from Mauna Kea

Mauna Loa Observatory

Ashra Site

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

(Evidence of Global Warming due to CO2)



Mauna Kea





Wavelength Dependence of NSB Flux

NSB level is consistent with other ideal sites w/o light pollution.

References:
Namibia: S.Preusset al., NIMA 481 (2002) 229

Mauna Kea: K.Krisciunas, Publ. Astr. Soc. Pac. 109 (1997) 1181
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Detector Status Summary Display:

Main04r

(LE DU) 

Sub00b

(HE DU)

Common

Operator must watch during his shift.



Åmoon

Ådaylight

Årain, cloud

Åarmy activity

Åpassing cars

Åpower cut

Åhardware failure

Åoperator error

no:

2006.49 hours possible from light conditions

1862.95 hours of data taken with LE DU

1874.40 hours of data taken with HE DU

> 97% good condition fraction

> 96% observation efficiency    => 19% duty



C.Spiering,Eur. Phys. J. H 37 (2012)

noscillation

PeV-EeVn& g 
Sources

PeV-EeVn& g Universe



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!



Ashra/NTA: Quasi-Horizontal AS Detector
(30deg. > qelev > -30deg.)

Mauna Loa

Ashra

Mauna Kea

Ý AS from Earth or Mtn.

Ýnt( Ǖ ) sources 
Ý AS from Sky: ɹ-rays or Neuclei

Ýϧ /ƻƴŎŜƴǘǊŀǘƛƻƴΥ ʴ-rays 
Ý -ɹray ( 0̄) sources 

ÅAS Direction => Primary ID
ÅFine point-back resol.

=> Clear Separation of  S/B

Fine resol. AS image is key
for clear-cut physics picture



Gap Ang.

CR BG
AshraLC

Mtn. Edge

Cut qgap> 0 deg
-> BG 2.4 events /yr

Cut qgap> -0.3 deg
-> BG 0.2 events /yr

BG rate / DU vs Gap Angle 
assuming ang.reso. =0.02 deg
From Ashra/NTA LoI

For 30 DU in Ashra/NTA

Back Ground Free!



Observed Energies & Objects covered with Ashra/NTA:

Ashra/NTA
Fluo.+Cer. 

ES-nt

Ashra/NTA
Cer. 

Large Zenithg

Ashra/NTA
Fluo. 

Large Zenithg

Provides Source Physics

tǊƻǾƛŘŜǎ ±I9 ¦ƴƛǾŜǊǎŜ άLaboΦέ

Discovery of g-Ǌŀȅ ά{ǳǇŜǊ-/ǳǘƻŦŦέ Κ

e.g. PKS1424+240 t=5 at z>0.6
(Furnisset al., 2013)



-qelev

En
(PeV)

LCC
n

(107g/cm2)
-qelev

( deg )

1 270 32

10 94 16

100 35 5.9

1000 14 2.3

[M.Sasaki et al., Astropart. Phys. 19 (2003)  37]

CC-Interaction Length (LCC
n) and Depression Angle (-qelev)







Tau / Mu Propagation in Rock

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

Photonuclear effect dominates above 1PeV.

m

1PeV

t



tPropagation Deflection in Rock

1PeV

1PeV

Higher Energy Better Accuracy <=

1. Highly Boosting

2. Shower Size Statistics 

Possible Deflection << 1 arcmin
=> Astronomy with tAir Showers !



Air Shower: Excellent Tool of nAstronomy

Asaoka& Sasaki, Astropart. Phys. 41 (2013) 7-16

with Ashra-1


