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Ashra 12 =X ver.1
(2002.08.15)

Progress of Optics New Eye for Particle Universe

[ TA ... Davies-Cotton « ASHRA ... Baker-Nunn
«FOV ~16° / Telescope «FOV ~50° / Telescope Key TEChHOIOgy: & 3 e
etz o001 9M-pixel CMOS sensor Ashra-1 station ~
N covering 50deg FOV .12 telescopes - g
with 50deg.FOV

Leading Features:

All-sky Survey
=> Discovery Potential

Progress of Imaging Device 1arcmin directional accuracy
=> Source ID

TA ... PMT+ADC « ASHRA ... IT+SS-Imager . :
* 16 X 16 = 256 pixels/tele. * 3K X 3K~10M pixels/tele. Simultaneous Detection for

) Cerenkov & Fluorescence
» Pixel res. ~1° * Pixel res. ~0.015° (=17) => Physics ID

= 256 outputs / 256 pixels * 4 outputs / 10M pixel

Pioneer Experiment for VHE Particle Astronomy:

M‘“g, —~ _ | [Sasaki’'s Presentation @ CosPA2003-NTU]
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2 E$RERE @ Mauna Loa

Reflectance Spectrometr

Mirror#0 @ 0.00 mm [IMG0368--0382 2011/00/24 08:05:38 UTC]

T1-"MSs= 0.188 {mmj; R95%= 0.333 [mm}; Q. =17:66x10%, Q=201 N -

Relative Reflectance

300 350 400 450 500 550 600 650 700
yavelenainnm

1 & 5ta—Fk : UV=Blue+3%

center =/ 0.01 (-0.01, -0.00) [mm], &= 190.4 deg

N ERFARER .
2Ry AZ019mm  [EANEN | B
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= 5t #>85%
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KBIBG/NA TS & RBL Y XBBERE @Mauna Loa
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Ashra-1 Light Collector

> i ——}— PLIT + Amplli (Installed in LC)
0.16|-{ —4—— PLIT + Ampll (w/ Stars)

it

15 20 25
Incident Position [cm]

Total Resolution: ~3 arcmin image in 42deg. FOV

Can Cover Mauna Kea Surface at 35km Distant
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£7:8101 & 02

Ashra Observation |

Obs01 | Obs02

Period 080628- | 091007-
090605 | 110104

Obs. Time 1551 hr | 2212 hr
Good Weather 90.6% 97.3%
Efficiency 99.1% 99.7%
Duty Factor 18.8% 20.3%
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Maximum Observable Time 4008.% hr
Ohseryable Time  37B3.3 hr( 94.4%)
Obsarvad Tima 7L I hr| 99.5%)

dhoro2 naol‘m 90702 00401 100702 M0 One Of Best Sites fOI' AStI’OI’]OITIy
Date [yymmdd]
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gAE (%)

147.5
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157 5

143.3
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133.2
131.0
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124.1

143.2
138.5
130.2
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127.1
128.3
126.0
123.8

89 3

97.1%
99.4%
97.1%
98.5%
99.5%
99.9%
96.5%
93.1%

99.9%
97.0%
97.7%
99.6%
97.6%
99.7%
95.9%
99.7%

Fo—a—r)/8A 39 (A1R)
38 (108)
37 (9A)
36 (8AR)
35 (7R)
34 (6A)
33 (5A)
32 (3A)
31 (2A) 153.5 97.4% 58.2%
0 (1F 158.7 99.6% 97.8%

a5t 000 | 1405 2 1376.7 1291 8 98.0% 93.8%
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38 (108)
37 (98)
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31Qﬁ)
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Duty: 18.2%
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FF IS &R
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Cherenkov t shower earth-skimming method for PeV-EeV v_observation with Ashra

Yoichi Asaoka, Makoto Sasaki

Astroparticle Physics 41 (2013) 7-16
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Ashra NTA BG Condition

Dist. Ang. w.r.t. Expected BG
Mountain Edge Contamination

0.08 /yr

0.55 /yr
4.3 /yr

39 /yr

CR BG

Ashra LC /
Dist. Ang.
‘ Mtn. Edge

Enjoy BG Free!
with High Precision Directional Measurement
by Ashra NTA

lceCube BG Condition (Reduction)

Surface: 1 cm—2

minute—1

In ice:| 2800 Hz
compared to 1 neutrino
per 10 minutes

—s requires 10° atm. v

background rejection




The tau lepton loses its energy in the
rock through 4 kinds of interactions:




menor

Basic component

Summarizing all these:




Tau / Mu Propagation in Rock

3

2

Bstd rock [ 10_6 sz/g]

1

Il I\\Illll Il L i il 1 I RN
100 1000 10*

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

Photonuclear effect dominates above 1PeV.




Tau Propagation Length in Rock

MC Average of Appeared
Taus on the Earth
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Tau Propagation Deflection in Rock

GEANT4 (All processes except photonucilear)
From right to left

- - -
N 13 ]
o (=] o
=] (<] o

llllll]TllIlilIlll ll}_—#jli][ll[lll[l

Number of Events

-
qO

ALLM reproduced (Photonucjear only)

From right to left
E. =10* GeV

Number of Events

rl T

Possible Deflection << 1 arcmin

dang
Entries 100

Mean 0.001864
RMS  0.001617

Number of Events

CORSIKA
A0~0.1° @ 1PeV

&
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1 I 1111 I 1111 I 1111 | - I L1l | 1111 I 1111 I 1111 | 111l
001 0.02 0.03 0.04 0.05 0.06 007 0.08 0.09 0.1
A Angle [rad]

Higher Energy Better Accuracy Due to
1. Highly Boosting
2. Shower Size Statistics

1 Shower Can Remember the Original v Direction Very Well
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Cherenkov Photon Density [ph/m?]
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Maximum Likelihood
(Gaisser-Hillas+NKG)
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73 AR TE fa 1 (Maximum Likelihoodi%)
ZN:’C log(p;).
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(ny.n,) =(0.0,0.0) [deg];

(X", Y") = (0.6, 0.0) [deg]:

E =10 [PeV]. = :/’VU—I*)I/#—
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FRZE DR, EnergylRTF 14

log, (E/ [eV])

o(A n,) [deg]

* Rpi&#F!E @ N, =500
e Energy IKF1E @ R,=540m
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Comlement IceCube:

Aln(E) %T: L 23$%O)*ﬁﬂj bﬁzﬁﬂ ?%é’h:%ﬁﬁ% » Methodology

* Energy
Cherenkov t Shower Earth Skimming Method

——8—— Ashra-11LCyv_ Sensitivity » Self-trigger for Tau Neutrino

———@—— Ashra-1 Commissioning v_ Sensitivity

— — NFCv _fl ce
T IC-FCY, fluence 1. [lceCube, Nature 484 (2012) 351]
" * |C40+IC59 stacked 117+181GRBs
» Very strong bias for time window (28s)

NTA 6, ~-16deg around Satellite Triggers to suppress
§ huge BG

E2 x fluence [GeV m? ]

—
o
'S

2. [Hummer et al. PRL 108 (2012) 231101]
 Recalicurated neutrino flux =>
Ashra Energy Region more important
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e | | I\r\ | 3. [Murase et al. ApJ 651 (20006) L5]
| | lII:II0-1 1 1 IIIIII1 | | IIII:0 11 IIII1II0-2 1 IIII1II03 L1 IIII1II04 . Nearby LOW Iuminosity (LL) G.RB (ex-
E, [PeV] GRB 060218/SN 2006aj ) dominate total
. neutrino fluxes at Earth

« X or y Satellites cannot detect
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Direct Cherenkov Method
(Kieda et al., Astropart.Phys. 15 (2001) 287)

Primary Nucleus, Charge Z

30-60 km

Direct Cerenkov
Yield == 72

Primary Interaction ~ 30 km

EAS Cerenkov
Yield = Energy

Cherenkov photon :
= 2na (1-1/n2B2) (1/0,-1/h,)%

Shower : Emission Angle >0.4°
DC: 0.15° => 0.3° as n (« p,,) changes

Image of Air Cherenkov Light




DC+EAS Simulation with H.E.S.S. and Ashra

=107m

core

H.E.S.S.: E=50TeV, R

Roore: 107 m
Ihc:1180 pe

Resolution = 0.16°/PMT

Ashra: E=100TeV, R_...=180m

core

Resolution = 0.05°/ Bin
(Real Pix Resolution = 0.02°/Pix)




H.E.S.S. Results

B HESS QGSJET (Z=24)
"' O HESS SIBYLL (Z=24)
- JACEE (Z>17)
RUNJOB (Z=26)
Ichimura et al. (Z>25)

Ashra NTA will
 Extent Fe Flux Measurement to PeV region
 Measure Anisotropy for Each Component




Ashra NTAN
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The NTA Observatory

Full-Scale Ashra = Ashra NTA

LA7OMNEE
bR Y Ak (Site-0)
Bl Y1k (Site-1,2,3)
13 325kmDIE=ARIER

= B K4ZR (100-1000km3-weq)
B XZEX (EF&E1000km2_L 28)
BGEfR LD )

EREEETHOROIEEE RS
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NTA Light Collector (NTA-LC)

mount baseline design (tentative) 41 R DR EHLE %
i H AX & a1 N

Ashra—1(BH ). NuTel(&
E). %ﬁ?%%?ﬁ‘%ﬁ?cﬂ:@gﬁﬁ
RETZRTE = RETIRE
=

Light Collector (LC)
| ERE1SmOD T aZyRE
| REF28E = £ E50cmE

Detector Unit (DU)
ElfREFZ R 4B DLC
ERENHE

= BIEE=3m

NTAE Y BEEREHE~Ashra-1D15EZRT—ILT7v 7 +BEAUGRKEL




100PeV Neutrino Fluo.+Cheren. Event Central (Site0): Fluorescence
Simulated with Ashra NTA b

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

Hualalai
Mauna Loa
(Site1)

Decay Point //v' m

Impact Point Mauna Kea
(Site2)

N2=4035 (C:1363, F:2672), R:"“=1.8km, R™"=5.4km

Simple Fit => 0.125deg / pix
Site0 + Site1:|[FEBE: 0.08°
AR EREA




NTA Exosure

Ashra NTA vH—AX 1 gt

NIAE

" K S ' °
IceCube Exposure — TeV y-Sources

@galactic
e@cxtragalactic

IceCube)
M 100%

[J0%

BB %1% 10-20% @Ashra-13£4&
v EREE < 0.2° (Chren. mono)
= E30°x 5 {2360°

:W"é z=0.1-0. 15 (600Mpc)
o B KKAGRA (200Mpc) D313

Us De pt of State Geographer
20126 gl J———
{ NOAR S VI i Google earth
[

24 32'50.787 S 163" 52'17.25" W &8 -5206 m & E 11001.72 km




Summary

Ashra-1 = i3 & R SE5EES
REFREEFORRODEBEEOWTIOAAN NIRRT Y S

ERTRREHAORE

NUA—2ATLDN—REFTERK
o BHEE - Blm& L Y — (FST) EBRJFE&1L,

ESAJS ¥ J)—RIEEDHNDERI > NTAD RIEESE

RNILFRUA ez ED L TSELYEZZRITH

RERZ N _/EE1=§E  Ashra NTA

GWMmMWLGBWéQMLEﬁ&hH\%ﬁ&%ﬁﬁiﬁﬁiém
HEREOERME > HANBRXXYEZITAS




