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Air-shower Detection by Ashra

.ﬁ

VHE Particle Astronomy
with
All-sky Survey High Resolution Air-
shower detector

(Ashra)

Ashra Collaboration
Makoto Sasaki

New Eye for Particle Universe
Key Technology:

9M.pixel CMOS sensor -1 stati
covering 50deg FOV Ashra 1

Leading Features:

All-sky Survey
=> Discovery Potential

tarcmin directional accuracy protons, Ys => light emission after interaction with the air

: neutrinos => light emission after interaction with and passing
Simultaneous Detection for
Corenkov & Fluorescence

through the earth

Pioneer Experiment for VHE Particle Astronomy:
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Par»t stronomy

= Concept: Light Collector (LC)

3 Ashra-1 x 1.5 scaled-up Optics with §1.5m pupil '
baT a2 /2 + same trigger & readout FOV28° = focal sphere ¢SOcm -
wem— pemimon | NTA protecollaboration & WG formed
Superimposed 4 images
= Effective pupil = $3m
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Arrival directions of most energetic neutrino events (HESE 6yr (magenta) & v, + v, 8yr (red))

..................

absorption
>90%

.
R I T R R R B R R P S I T I I I T I PR SRR

Galactic

.'-;.I:~._9O(.)v \ Aeday= mss
GalacticiRidge ?drermsuBulbles?




PeVatronn the

Galactic Center?

Diffuse emission from the GC
without a perceivable cutoff

To clearly fix it, detector required:
1 ) -raygn multiple observation

U 2) 0.1deg.resolution like IACT
nfe 3) good sensitivity fok, > 50TeV
-> NTA meets.
o HESS GC observation 227 hours / 10 year
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Galactic Ridge diffudeeVemitter?
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v & y Emission at Source:
Provides Source Physics

photo-pion process: 't NB @A RS a =+ Labobé

py— A —=nnt

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

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

n-oscillation:

by~ CxE’ AT @ SEEIESEE

= Cx(1=1)"" x E-*, where ry, = (m,/my)?
1 /




v & vy 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:

P+ — P+ et +e”
+
P + Yo — N + W+ T — 22 — €l vuvy,

P+ — p+ WD ¥ — Yy

Deflection angle of propagatin@R protons

: B 1% 107GeV D \Y2/ o\ : . .
=0 (o) (25 (o) (o) Still pointlike

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

Pe\iEeVn =~ &Astimnomy!



Multi-messenger energy budget

Center AXis

isotropic y-ray high-energy « ultra-high energy :

__ background neutrinos »  CcOsmic rays
[ (Fermi) (Ic - (Auger)
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Mauna L0oasne of the best sites for imagirastroparticle

The largest subaerial volcano in both mass and volume, Mauna Loa has
historically been consideretthe largest volcano on EartHt is an active shield

volcano with relatively gentle slopes, with a volume estimated at approximately
18,000 cubic miles’6,000 knd). [en.wikipedia.org/wikiMauna Lo

L/ 2x104ton ~ 200,000 krflce




AshrdNTA designed as EfsImager

Chronology:

2002: E®, AS method published
2002:ESn, Imager'NTA propos
2002:
20083:
2004.
2008:
2013:
2014.
2016:

ble online at www.sciencedirect
ccccccc @nln EcTe® Astroparticle
Physics
article Physics 19 (2003)

w.dsevier.com/loca te/astropart

r Makoto Sasaki ", Yoichi Asaoka, Masashi Jobashi

Detecting very high energy neutrinos by the telescope array

renamed: intdshra
Ashrédl funded

Pt search fotOpF on GRE
Ftsearch for ES, on GRE
NTA.ol

VHEPA2014 @ Kashiwa
VHEPA2016 @ Honolulq

4. Earth-skimming tau neulrinos

Very high energy nentrinos penetrate the Earth
and convert to charged leptons which then travel

through the Earth. This sequence is illustrated for
an event with a nadir angle # in Fig 7. We define

T decay shower

o

T

Earth \\

Fig. 7.

avenls,

A schematic picture of Earth-skimming tau neatrng




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

Photonuclear effect dominates above 1PeV.
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[M.Sasaki et al., Astropart. Phys. 19 (2003) 37]




Altitude (km)

AshrdNTA: QuasHorizontal AS Detector

-20 -10 0 10 20

30 40 50 60 70

Horizontal Distance (km)

hugen target mass

t emerges since it is heavy
separated volumes fam target
and light yield

AS light transparent in air
BG shielded

Primary IIDwvithzarrivalidirection
Y- (1) AS from Earth or Mtn.
Y n, (C )sources
Y  AS from Sky:-rays or CR
Y PS: association
Y diffuse: showershape
Y ‘-ray(" 9 sources

-> phys. BG free environment




Advantage of using aghower light
for VHE neutrino search

i

R >>660
Not Detect

Attenuation; 100min ice

Attenuation: 20km @ ‘UMn air
>50km @ =500nm




ESn, imagers
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John Krizmanic, UHECR2018



Ashral Mauna Loa ODbs. Site (MLS)

Mauna Loa view
from Mauna Kea

Mauna Loa (3300ma.s.l)




Ashral Construction of I\/HDS

(20052007)

2005.07.27
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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



Ashra1l ObsemnvationPRPeriods
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Installation

Opt. Flash
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* m)
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* B
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* published

” umopanys

A TotalObs. Time:5713hr
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19 %

5-faceted
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Satellite GRB Name tinrov —to [sec]

Swift GRBOSI1203A | -1.2x10¥ —5.6x10°
Fermi GRB090428 8.1x10° -59%x103
Fermi GRB090429C | 4.1x103 - 1.7x103
Swift GRB091024 -1.6x10% —3.3x102
Fermi GRB100216A | -4.0x10° —1.1x10*
Swift GRB100906A | -1.0x10* —4.0x103
Fermi GRB120120 -1.4%103 —89x103
Fermi GRB120129 -1.6x103 —6.7x103
Fermi GRB120327 9.9%x10% —8.2x10!
Swift GRB120911 24x%10* - 6.8x10!
Fermi GRB121019 -1.7%x103 - 7.3x103
Swift GRB121212A | -5.8x10° —2.6x10*
Fermi GRB130206 -3.3x103 —7.5x%10%
Fermi GRB130215 2.7x103 —4.3x102

Obs04
(xxxx hr) !
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L -
=
o
o
S ¢ >
Commiss.
=> (xxx hr)

A 5 Swift, 9 Fermi
Triggers in FOV

A A lot of events
pass FOV withir
24 hrs




Ashral Light Collector

T
'«E -"j'“k”-f * Optics:

L e

TGN Y s AModified BakerNunn

* Components:
ACorrecting leng1.0~1.2m¢)
with 3 acrylic cut plates
ASpherical mirron(2.2m¢)

with 7 curved glass plates on
adjustable tables.

APhotoelectric lens 1T0.5m¢) on focal
sphere suspended with Stewart
platform mechanism

AMount structure with steel channels
for easy assembly

=>arcmin. resolution over 42deg FC
=> Very coseffective




Segment Mirror

o
o

Reflectance %

\ «\\\\\\\M\' U _ 

1. Float glass curved mirror:
f850 x t8 Cut => 10 kgség. piece
Total 7seg / LC #2.2m & ~70kg.

2. Evaporation of Al + /D, coating
=> UV enhanced

3. Onsite test just before installation:
all segments (~200 pieces ) OK: 5
>85% @ 470nm =>>88% @ <4U0nm g TTee 88 90 92 704

Mirror Reflectance [%]

Wavelength nm

Entrlesll7
: Mean 90.037
g....Sigma;..lAS.l,....

No. of Mirrors
=
o N




Mirror Adjustment

- Rms= u_..‘.gi.a [rmm]; .Rg$%= 0.333 [mmiu o '}"‘E"I'T'.ﬁﬁ}ri’m"',"iﬂ“ .t,=..24.-| ;r
: : : peal i o :

Growth Curve

—— Major Axis :

—— Minor Axis :
- — 95.0% Included

10°

B g

o

Acenes =/ 0.01 (-0.01, -0.00) [mm], = 19D.4 deg

-0.5 0 0.5 1 1.5
X [mm]

Installation of Segment Mirror on A thal spot size mt.easured after adjusting 6 segme
Mount @ Ashra Mauna Loa Site MIrrors on mount.

=> Combined spat =0.19mm
o S i => corresponding t0.46arcmin = 0.13mrad




NUE A 2-3 arcmin. Resol Over 42deg FOV with Ashral LC
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