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New Eye for Particle Universe

Key Technology: i _
9M-pixel CMOS sensor Woe Ashra 1 Stat|on "jf'

teIeSCOpes b

covering 50deg FOV

Leading Features:

All-sky Survey
=> Discovery Potential

1arcmin directional accuracy |
=> Source ID

Simultaneous Detection for
Cerenkov & Fluorescence
=> Physics ID

Pioneer Experiment for VHE Particle Astronomy:
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Hitect ol Much Figher
Resolution

Usual PMT array camera
resolutlon ~ 0.2° -1 .O°
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Better resolution =>
Longer range
Lower threshold
Larger volume

Better separation

EEE“' .-'.-r'-ll' E:E“' .-'.-r'-ll' . =3
_5-\.?:_. ;ﬂ:h-h e ﬁ"iﬁ 'H--.. ﬁ.’é.’ i_g%& :".-\-"'




ST
e
bt e ¥

3 I —

T

ORI o~

-3
o

N

A

aft L El s Wl

74

Focul Surface

Im | F/Q
n

A

C A e T i T 1 1]

AR

— T T L T O O T W L T,

found

1

pupi
Is can be

i

Deta;




— —

Elevation Angle[Deg] i
S ) 0 O N

Angular Resolution [degree]

—_
=~

3m ¢ mirror
1 deg/Pix

Proton E=10%° eV
Rp=53.5 km

, ..-'.-'- T __:'!':";!_' -,

0.05

0.045

0.03

0.025

0.02

0.015

0.01

0.005

318 320 322 324 326 328 33(|) 332 334 336 338 340 342

Eiy

A2|mu

; ASHRA Stereo Reconstruction

3 Angular Resolution

Z

;_ 84.1%
- ; 68.3%

- 50.0%
7.5 ' 1|3 — '131.5' — 1|9' — '1-;:.5' — 2lo' T Zos

Log,,(Kinetic Energy [eV])

3m ¢ mirror
1 deg/Pix

N
&)}

-
&2}

-
o

Proton E=10%° eV
Rp=10.9 km

230 235

%00 205

Azimuthal Angle




:' . ;'f'.___;,._.l - o ___\_,. L
..:__l'ﬂ'ﬁ"-'ll_f e :
=3 L L = ‘-'q

i e -.;Ei;_;'{
{3,

1

Tl L

e
T

ik "#}
A

. SRR
& Peasion

‘ Ll
s

o e N
; Py

LTS




]maging ParticlerDerector:
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Key Technology

9M-p|x. CMOS Sensor Covermg 50°-FoV
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e High Statistics

Pioneering

Installation :
1+1/3 ' complete 3 stations §

3 Mt.s on the Hawaii Is.
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Flrst Full Scal Element




o
L e f*%;ﬂ* - f*%;ﬂ* G0 e e
.I'"-r ;\%.:-'.\,-\.- -r r?%f‘"'\# i _.ﬂ.? : .I'"-r ;\%.:-'.\,-\.-{ r'-‘%f“"'" -':"‘f -r._ N A.r- I,ﬁ# R%‘:’“-""{%

ks -.*:-_ .l'} -.*:-u"'."’:- ; : ..u-':. o _ o u-" = A e I L s AT --*u": : o Sy
grati e ﬁ

"e'_:‘_ﬁ ; :-;'f
q‘h_q, -1-"_. :"" &M

HER A ';“'"".-' A
S etans e e

Lo
o

ey, :"_e'
e

F .fr'l': 1:‘\%.:.-‘,.{ !
5""“9

;.. i

e j.rq‘

s -I:.""I 3
Ly i 5
h‘ *%"ﬁs}.
?ﬁh -;l_‘h

i L c"-'-'.--:




ali%

2/3E

Mauna Loa

<
—
<
=<
<
P)
—
<
o=




Limit magnitude
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Wide FOV Fine Optics + Photoelectric Image Pipeline =>
- All-sky coverage with 1arcmin resolution,

- Fluorescence detection compatible with simultaneous
Cherenkov detection, and Optical GRB flash monitoring.

Steady Developments in Strong International Collab.

Superior Identification and Competitive Sensitivity.




ANTARCTIC IMPULSIVE TRANSIENT ANTENNA

ANITA:

Antarctic Impulsive Transient Antenna

el
A LONG DURATION BALLOON MISSION TO CONSTRAIN THE ORIGIN q,."‘i’-i r )
OF THE HIGHEST ENERGY PARTICLES IN THE UNIVERSE ?'._':
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Sub-ns pulse,
Ep-p~ 200 V/m!

* Measured pulse field strengths follow shower profile very closely

» Charge excess also closely correlated to shower profile (EGS simulation)
* Polarization completely consistent with Cherenkov—can track particle
source
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y—ray showers in rock salt radio: 0.1—1 GHz, T, =300K
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balloon at ~37km altitude

cascade produces \

UHF-microwave EMP antenna array
? on payload
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cascades. } 1-3 km observed area:
- o ~1.5 M square km

Cherenkov cone

.

| Antarctic Ice at

f<1GHz, T<-30C

* Nearly Lossless RF

1 transmission

> Negligible scattering

° largest homogenous,

| RF-transmissive solid

mass in the world
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—— Polarization 1
—— Polarization 2

Antenna noise temperature (K)
Antenna_cutoff
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frequency (MHz)
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—— Polarization 1
—— Polarization 2

Antenna noise temperature (K)

400 600
frequency (MHz)

sun vs. horizon excess noise,

— Quiet sun + ice

Antenna cutoff
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Antenna Noise Temperature
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Radio Echo measurements
Amundsen-Scott Station
S. Barwick et al. 2004
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° Custom design by Seavey

antenna
° 36” mouth, 22” deep

° covers range from 0.23 to >1.2
GHz with excellent phase & gain

PRELIMINARY DRAWING
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Antenna boresight
(+12.5° offset)
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Antarctic Thermal noise measurements
* ANITA-lite antenna beams: ~rt sr each
 measured broadband UHF noise

Data consistent with galactic+solar+kT.
» Solar contribution clearly seen (above)
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 Antarctica still among the quietest places on earth in radio frequencies

 Results crucial to ANITA progress!
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Radio detection: The most cost-effective way to
do PeV (101 eV) to ZeV (10%! eV) astronomy.

UHE neutrino models already constrained by
existing detectors.

ANITA-lite 2003: most sensitive EeV to date!?

ANITA 2006: the GZK factory!!
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