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The Third International Workshop
for Comprehensive Study of the High Energy Universe

—Toward Very High Energy Particle Astronomy—
(VHEPA-3)

Date: March 20-22, 2003
Location: ICRR, University of Tokyo, Kashiwa, Chiba, Japan

Overview:
Very High Energy (VHE. greater than TeV) particle astronomy is expected to provide a new and

significantly different astronomical probe of the universe than the photon based traditional astronomy
from which we have learned almost all we know about our cosmos. A mundane reason for VHE particle

astronomy 1is that the universe is not transparent to photons of such energies. Yet, observations of

TeV-gamma rays and Extremely High Energy Cosmic Rays (EHECRS) strongly suggest that there exist
enormously luminous compact extra-galactic sources of VHE particles. The signal of the beginning of a
new epoch in observational astronomy could be the observation of TeV and higher energy neutrinos from
cataclysmic events associated with the source of the EHE cosmic rays. Recently there have been many
intensive efforts towards development of new imaging air-shower detectors for TeV-gammas and
EHECRs, as well as water-Cherenkov neutrino telescopes and ground based extensive-air-shower
sampling arrays. All are aimed at making a new window on the universe through VHE particle
astronomy.

At this international workshop, we intended to survey the current status of VHE particle observations,
examine useful avenues for astronomical observations 1n the near future, and discussed concrete methods
with some new technologies as could be required to mount future projects. For that purpose, we
subdivided this workshop into three topical sessions:

1. Physics of VHE particle radiation and propagation;
2. Current status of VHE particle observations;
3. New detection technologies and VHE particle astronomy detectors in the near future.

Organizers:

J. Hisano, T. Kajita, T. Kifune, J. Learned, E. Loh, M. Sasaki (Chair),
N. Sugiyama, and Y. Watanabe
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Optical Air-shower Detector
Progress of Resolution x FOV

HiRes (1994-2006) Ashra-1

2 md mi‘(r'r or 'H -

e

256¢h PMT ~“Ashra @ Mamnatea 4 SR

e

Virgo Cluster Vi'rglc';.'-:'(flu_st'e:r__'f- o 3
4deg 4deg Adegc 4deg -

e

Adeg/pix x All-sky ~ 1deg/pix x 28deg  1.2min/pixu All-sky
PMT PMT Image Tube + CTMO:.



Test Observation on Haleakala
(2003-2006)
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Ashra-1 Collaboration (2004)
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Ashra-1 Mauna Loa Obs. Site (ML-0S)
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Let’s tour the Ashra-1 ML-0OS!

Data SIO, NOAA. U.S. Navy. NGA. GEBCO
£ 2016 Google z
Image Landsat (1()()8[&' earth
Data LDEO-Columbia. NSF, NOAA



Wavelength Dependence of NSB Flux
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Namibia: S.Preusset al., NIMA 481 (2002)2229
Mauna Kea: K.Krisciunas, Publ. Astr. Sec.IPaci1091(1997) 118
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Ashra-1 Environmental Monitors:

Detector Status Summary Display:

Main04r: shutter open | HV on 40.3 kV | LV on | PMT on | DThd: 0.020 V | D70 on | Run 2499 (active)
MainO4r TR 17.40 Hz | JDis 15.83 Hz | FPGA 2.03 Hz | size 1.5 GB | DR 14.9 MB/s | PGM (mean/var/ptp): 16.3/ 0.7 / 115

Main04rOpfmon: nstar = 170 | bkg = 24241.0 | res = 4.06 | measured 0.1 min ago

(LE DU) Sub00b: shutter open | HV on 41.3 kV | Run 1482 (active) |size 1.8 GB | DR 8.3 MB/s
Sub00bOpfmon: nstar = 259 | bkg = 13173.0 | res = 4.89 | measured 0.8 min ago

Sub00b Sub00bLVmon: Curr = 98.28 pA | A = -0.01 pA | measured 0.5 min ago
HE DU Sub00ObLCmon: Timean) 4.4 C|H{mean) 33.0 | DewP(mean) -10.4 C

( ) T(min) 2.6 C|H({max) 35.7 | DewP{max) -9.5 C | measured 4.0 min ago
Sub00ObTHmon: Timean) 5.1 C| H{mean) 37.5 | DewP{mean) -8.3 C

Timin}) 4.3 C|H{max) 37.7 | DewP{max) -7.6 C | measured 2.0 min ago
Common | | | 2

Weather Monitor: active | Tlout) 1.8 C| T(in) 27.4 C| H{out) 27.0 | H(in) 8.0

P682.9 hPa | WS 3.1 m/s | WD 34.0 deg | measured 1.0 min ago
o rain | since 644.8 minutes | measured 1.0 min ago
active | Alt 60.0 | Azi 0.0 | CL 66.2
East: no car (0.0)
West: no car (0.0)




Observation Statistics (Obs.03)

low elevation
(Cherenkov nu)

high elevation
(Optical Flash)

season

43(March)

observable time (h) good conditions (h) observed (h)

139.1

128 FT9

145.83

151 19

139.13

125 77

good conditions (%)

95.41%

Cuty SO0

observation efficiency (%)

99.98%
99.96%

42(February)
41(January)
40(December)
39 (November)
38 (October)
37 (September
36 (August)

35 (July)

34 (June)

33 (May)

32 (March)

31 (February)

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

100.00%
99.83%
99.90%
96.95%
97.74%
99.62%
97.64%
99.70%
95.90%
99.70%
58.20%

30 (January)
total/average

43(March)
42(February)
41(January)
40(December)
39 (November)
38 (October)
37 (September)
36 (August)

35 (July)

34 (June)

33 (May)

32 (March)

31 (February)
30 (January)
total/average

159.34 H8.65 55,10
1862.95
145.83 139.75 139.75
151.12 137.22 137.22
151.37 146.49 135.37
152.95 150.15 150.15
147.52 146.57 144.40
143.68 14247 140.56
135.23 132.68 131.39
133.07 130.57 130.57
130.88 130.88 128.38
128.68 128.68 128.68
136.08 131.52 127.90
133.22 125.24 125.24
157.52 153.49 95.96
59 34 [ 80 58.83

Apower cut
Ahardware failure
Aoperator error

Arain, cloud
Aarmy activity
Apassing cars

. Amoon
NO:  Adaylight

99.60%
95.83%
90.80%
96.78%
98.17%
99,36%
99.16%
98.11%
98.12%
100.00%
100.00%
96.60%
94.00%
97.40%

OQ 7004

97.41%

97.80%
95.63%

100.00%
100.00%
92.41%
100.00%
98.52%
98.66%
99.03%
100.00%
98.09%
100.00%
97.20%
100.00%
62.50%
N0 00%
95.90%
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v & y Emission at Source:
Provides Source Physics

photo-pion process: t NEOARSA =+ Labobé

py— A —nrt A xt =21

0 - _
pY — A — pT n —+ Tt - peve + €+V63V;.1JV;.1.

]_I/#_ : 117/“" : ]'Ve (V/*" + 17#) : (Ve. + 176.) =2:1

hadro-nuclear process:

n & gfluxes : n-oscillation:

b~ CxE’ v, Q=125 0> 15151

= Cx(1—r)* " x E;*, wherery = (m,/my)’
1 /




v & y Emission in CR Propagation:

Onresonance: Cosmogenic or GZK process:

, o
PV A —nm Tt — [V, — VeV, 1y,

, .0
p’)/C’\E) A — pT 71'0 — vy

Off-resonance: EBL process:

— ptet+e”
=

— N+ W+ T — 22 — €l vuvy,

— P + "'FD 71'0 — vy

Deflection angle of propagatin@R protons

: B 1% 107GeV D \Y2/ o\ : . .
= () () () (i) Still pointlike

D is the distance to the source D and [ is the average correlation length.

Pe\tEeVn = Ast@nomy!



AshraNTA: QuasiHorizontal AS Detector
(3Odeg >qelev>'30deg)
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CR BG

Physics BG Condition astrac STy

BG rate / DU vs Gap Angle ‘ Migoe
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Observed Energies & Objects covered wAshraNTA:.

Ashw@aNTA
Fluoe.+Cet

Y>A>m>vV
CMVB)

e.g. PKS1424+2465 at z>0.6
(Furnisset al., 2013)
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NP OARSE =+ Labob:
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CC-Interaction Length (L.{) and Depression Angle (-0.e.)

E‘n l-(ZCE1 elev
GEY) (10’g/cm?) (deg)

1 270 32

10 94 16
(0[0) 35 5.9
1000 14 2.3

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

Summarizing all these:

21



Tau / Mu Propagation in Rock
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Radiation term is suppressed due to mass Mt / Mm~-17.

Photonuclear effect dominates above 1PeV.



t Propagation Deflection in Rock

GEANTA (All processes except photonucliear)
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Air Shower: Excellent Tool of Astronomy

with Ashral
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Asaoka& SasakiAstropart Phys. 41 (2013)X6



