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Detection of VHE Tau and Photon

Mauna Loa

100 km

4 km

> sr FOV covered with pixels of 1 minute square accuracy.
Earth-skimming ఛ decay upward air shower. No BG events.
VHE photon air shower induced LZA Cherenkov large effective area.
Look-out layout allows for lower E thres. Fluo. And LZA Cherenkov

NTA LOI (look-in layout array), M. Sasaki and G. W.-S. Hou, ArXiv:1408.6244 (2014).
NTA look-out layout summit array, M. Sasaki— PoS (ICRC2017) 941.

Most sensitive detector to PeV tau ( ) and photon, with good coverage and accuracy



Tau emerging from mountain

Look-out layout
stations

Look-in layout
stations

Xmax

Tau emerging

Tau decay

M. Sasaki and G. W.-S. Hou, NTA LOI, ArXiv:1408.6244 (2014).

For fluorescence obs.

Fluorescence for near showers 
coming from behind.

Tau Detector

For Cherenkov obs.

Cherenkov for far showers 
in front. 



direction and energy resolution

Y. Asaoka, M. Sasaki,, Astropart. Phys. 41, 7 (2013).

జఛ జఛ at జఛ 1PeV 



Southern sky field of view

Preliminary

NTA always cover the Galactic bulge ( <20° from GC ) in the night sky.



Galactic bulge monitor advantage

No sun & no moon
979 hr /yr

Zenis<45
2295 hr /yr

NTA LZA 
large effective area 

Surface detector  

A. W. Graham et al., Astron. J. 
132, 2701 (2006).

NTA monitor 
coverage

< 20° kpc on Gd center line
12% of total mass of DM halo

on Gd center line

Moonless night condition is not so disadvantage



Station layout and detector unit

Ashra-1 LC 1.5 scaled-up x 4
Effective pupil size: 3m

Detector Unit

Hawaii Island
Xmax (1PeV, q = 80 deg)

Mauna Kea

Hualalai

binocular

trinocular

４Stations x (210deg x 60deg)
High multi-eye detection rate 



Ashra-1 Light Collector

• Modified Baker-Nunn

• Correcting lens

• Spherical mirror

• Photoelectric lens IT

• Mount structure

=> arcmin. resolution over 42deg FOV
=> Very cost-effective



500mm

300mm 
(OHP sheet)

Output Image 
Example

PSF < 0.4ｍｍ on in put window
Y.Asaoka, M.Sasaki NIMA 647 (2011) 34

=10 mImaging Resolution Chart on Input Window



resolution of 3 minutes within a 42° FOV with Ashra-1 LC

42deg.



Pipeline Trigger & Readout

Optical ~1s  

BG 200ns

CR 200ns

Same Fine Image to Multiple Triggers

Multi-Messenger Approach with 
One Detector System 

1st air-shower imaged 
with self-triggering find 
solid state sensor

Photoelectric Image Pipeline (PIP)

10cm 



Advantage of tau air shower

PDG, Prog. Theor. Exp. Phys. 2022, 083C01 (2022)
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NTA summit array effective area (m2)
only with fluorescence detection 

Tau appearance separation of target mass from luminous material air.
Air is far more transparent than ice.



Diffuse sensitivity

NTA 3yr 20% 
all flavor, Cheren.+fluo.
Look-out layout

Far Cherenkov 
observation

Near fluorescence 
observation



LZA Cherenkov Lateral Profile

LZA Cherenkov provides an effective area equivalent to a 5 km scale IACT array.

Photon arrival rate 
vs. shower zenis angle 

distance to ୫ୟ୶  [g/cm2] 
vs. shower zenis angle 

𝜃௦ [degree]

ph
ot

on
 a

rr
iv

al
 ra

te



Event driven RT imaging LIDAR 

Same NTA units + fast laser scanning for far triggered AS

Scanning system with oscillating polygon mirror

Laser pulse at 40 KHz in any direction 80° x 80° with an 
absolute accuracy of 0.02°



Photons from Galactic center

Take over important results from TeV.  More developed results to EeV.

Preliminary

（227hr/10yr）

NTA LZA Cherenkov
no sun, no moon
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்ூொ 

A. Aab et al., ApJL 837, L25 (2017).



DM search ( photon probe )

e.g.  D. J. H. Chung, E. W. Kolb, and A. Riotto, Phys. Rev. D 59, 023501 (1998).

NTA sensitive for super heavy DM around the unitarity bound

Preliminary

NTA LZA Cherenkov
no sun, no moon
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P-BG rejection 
DL effective

Coverage

LZA

Aion Viana, Astro2020 Science White Paper 
A. Albert et al., arXiv:1902.08429.

NTA can utilize both 
spectral and morphology 
signals.



Conclusion

M. Sasaki, "VHE Physics and Astronomy with Tau and Photon Probes", ICHEP2022 18

The era of synergy between HEP and VHEP.
The energy front around the unitarity bound interesting e.g. super heavy DM.

Combined detection of PeV tau and photon; key to VHEPA.

NTA most sensitive to PeV tau ( ) and photon, with good coverage and accuracy.
Take over important results from TeV.  More developed results to EeV.

The NTA will open up more comprehensive studies of VHEP and VHEA 
by combining VHE tau and photon probes for detection.

Thank you.


