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Locations: The Participated Experiments of LeCosPA
Center
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Outline:

Introduction of Cosmic rays & Neutrino

Experiments - ANITA

Experiments - ARA

Results and Future plans
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Neutrinos

Figure : Neutrino only involves in weak interactions.
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Fundamental Forces

Figure : Fundamental Forces.
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Cross Section of Neutrino

Figure : Neutrino cross section. [Phys.Rev. D83 (2011) 014014]
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Interaction Length of Neutrinos

Figure : The neutrino interaction length (in centimeters water equivalent
distance) [Astropart.Phys. 35 (2012) 383-395]
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Neutrinos: The Ideal UHE Messenger
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UHE Neutrino & GZK Effect
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GZK Radius

Figure : The UHE neutrinos can point back to the original UHE source without
bending of B field.
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Short Summary: Why UHE Neutrinos

Trace particle UHECR hyper-accelerators to very early epochs

Even at z˜10 or more, GZK neutrino energies peak at 10-100 PeV
they all point back directly to the UHECR sources

Their flux is constrained by UHECR sources, once determined

Can become a quasi-isotropic “test beam” of UHE neutrinos

Neutrino Flavor physics

Can encode source information by flavor ratio, even new physics
(neutrino decay? )
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I. ANITA at 40km

The ANtarctic Impulsive Transient Antenna (ANITA)

12/57



I. ANITA at 40km

UHE Neutrino Interact with Earth

Figure : The interaction length of neutrino with 5 ∗ 1013 eV is close to diameter
of Earth. The interaction length for 1019 eV neutrino is 6 ∗ 107 g/cm2
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I. ANITA at 40km

The ANITA Concept

Figure : Cherenkov radiation is electromagnetic radiation emitted when a charged
particle passes through a dielectric medium at a speed greater than the velocity of
light in that medium.

14/57



I. ANITA at 40km

Coherent Radio Emission (Askaryan Radiation)

Figure : Detect radio emission from neutrino induced particle cascades in ice
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I. ANITA at 40km

Askaryan Radiation Experiment in SLAC
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I. ANITA at 40km

Signal Type (neutrino VS. EAS)
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I. ANITA at 40km

Setup of T-510 (Geo-Synchrotron Radiation)

Figure : Electron beam creates secondary cascades in a 4 m long high-density
polyethylene(HDPE) target placed in a magnetic field(up to 1000G).
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I. ANITA at 40km

ANITAs

Figure : Before 2010, we already launched 2 balloons in Antarctica.
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I. ANITA at 40km

Flight Path of ANITA & ANITA-II

Figure : flight path of ANITA & ANITA- II.
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I. ANITA at 40km

FoV of ANITA

Figure : The radius of FoV is about 500km.
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I. ANITA at 40km

Man-Made EVENTs of ANITA
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I. ANITA at 40km

Event Reconstruction
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I. ANITA at 40km

Ground Pluser System
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I. ANITA at 40km

Angular Resolution
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I. ANITA at 40km

Results of ANITA I & II (cosmic rays)
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I. ANITA at 40km

Results of ANITA I & II (Neutrino)
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I. ANITA at 40km

The ANtarctic Impulsive Transient Antenna (ANITA-III)

Figure : ANITA-III instrument, 2014-1015.
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I. ANITA at 40km

Flight Path of ANITA-III 2014-2015

Figure : Flight path of ANITA III.

http://www.csbf.nasa.gov/antarctica/payloads.htm
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I. ANITA at 40km

Time for video

Time for Video !!!
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II. ARA at -200m

ARA at -200m
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II. ARA at -200m

ARA at -200m
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II. ARA at -200m

The ARA Collaboration
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II. ARA at -200m

The Askaryan Radio Array (ARA) is an Ultra High Energy
(UHE) Neutrino Detector at the South Pole
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II. ARA at -200m

ARA-37

Figure : ARA 37 Layout, 37 Stations 200m below the surface∼200km2 coverage
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II. ARA at -200m

DAQ System and Antenna Cluster

Figure : Each station has 4 string with 16 channels
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II. ARA at -200m

DAQ System and Antenna Cluster

Figure : Each station has 4 string with 16 channels
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II. ARA at -200m

Build & Test in Taiwan

Figure : Building ARA2 & ARA3 last year
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II. ARA at -200m

Delivery

Figure : delivery for 2 stations
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II. ARA at -200m

Drilling and Deployment
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II. ARA at -200m

Simulation & Expected Sensitivity
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III. Future Plans

Future Plans

ANITA-4 (2017): Neutrino & cosmic rays

SWORD(TBD) :cosmic rays

ARA37 (within 10 years): Neutrino

TAROGE-10 (within 4 years): Neutrino & cosmic rays
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III. Future Plans

Outline: The Distribution of Experiments
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III. Future Plans

Taiwan Astroparticle Radiowave Observatory for
Geo-synchrotron Emission(TAROGE)
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III. Future Plans

TAROGE I at He-Ping
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III. Future Plans

TAROGE at 1200˜2000m
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III. Future Plans

Reflection Test of TAROGE
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III. Future Plans

The Synoptic Wideband Orbiting Radio Detector
(SWORD)
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III. Future Plans

Future Plans

ANITA-4 (2017): Neutrino & cosmic rays

SWORD(TBD) :cosmic rays

ARA37 (within 10 years): Neutrino

TAROGE-10 (within 4 years): Neutrino & cosmic rays
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III. Future Plans

Cosmic Background Flux

Cosmic ray spectra of various experiment
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III. Future Plans

Building Antenna

Summer intern student from FJU and NCTU makeing the antenna.
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III. Future Plans

Testing Antenna

Figure : Summer intern students measure the antenna response.
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III. Future Plans

LNAs of TAROGE

53/57



III. Future Plans

Cosmic Background Flux

Cosmic ray spectra of various experiment
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III. Future Plans

Askaryan Effect
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III. Future Plans
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