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I.  Backdrop:
CosPA-2 Project Evolution



What I learned 8/2001What I learned 8/2001
▶▶ VannucciVannucci Visit to NTUVisit to NTU

• Earth Center Opaque for E > 1014 eV  ν !? !? 
• Mountain-Valley ντ Detection Concept

I asked whether he already had funding ...
after   - checking literature (e.g. Fargion)

- passing thru PIs
I hired Alfred Huang in Fall (start simulations)

(had to convince him ...)

Hawaii Site also came out from Vannucci visit ...



Cosmic/Astro Neutrinos

Not Well Understood

UHECR + γCMB → N + π → GZK ν

GZK ν
Firm!

AGN ν?

Cosmic Ray Spectrum
CR + X → π± → e±+2νµ+νe



AGN Jets,  CRs   and   νµ → ντ

Jet

Obscuring
Torus

Black
Hole
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Disk
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Window of Opportunity
? UHECR ν DetectorConventional ν Detector



Alternative, or Niche:  Mountain/Valley  ν-Tel

Presumes
Nu- Oscill.ντ Appearance

N.B.   e  −− Shower in Mountain
µ −− Pass thru Valley with Little Interaction



Hawaii Big Island as Site: happened as gotcha

• Courtesy visit to CosPA-1 (Fred Lo)
– Stood in front of Hawaii map
– Snap:  Big Mountains w/ 40 km sep.
– Hawaii is known good Astro Site

• Mt. Hualalai:  M. Alfred Huang
Good view of Mauna Loa
Situated at dryer west side
Mauna Loa provide long base line

~ 90 km wide and 4 km high



NuTel Milestones
• Summer 2001:  Pick up idea through Vannucci visit;

prelim. check  &  eye on Hawaii Big Island
• 12/2001  NCTS Workshop on Astroparticle Physics, Kenting, Taiwan

– Concept & Early Feasibility Study Presented        (F. (F. HalzenHalzen was there)was there)
• 3/2002   1st VHE Neutrino Telescope Workshop, Taipei

– 4 Institutions show intention to join
• 8/2002 2nd VHENTW, Hawaii

– Cerenkov vs. Fluorescence;  Visit Mt. Hualalai
• 1/2003   3rd VHENTW, Palermo

– Decide on Cerenkov and Discuss detector configuration



The Second VHE Neutrino Telescope Workshop
Kona, Hawaii 

Aug. 24-25, 2002 

Mar 21-23, 2002 
National Taiwan University, Taipei, Taiwan 

Executive Summary:
NTU W.S. Hou
Paris F. Vannucci
Palermo O. Catalano ◄
Hawaii J. Learned   ◄

International Workshops International Workshops —— Towards CollaborationTowards Collaboration

Very High Energy Neutrino Telescope Workshop 



Hualalai Site Visit

Top of Mt. Hualalai
(altitude 2.5km)

Mauna Kea Mauna Loa

Panoramic view 
on  HualalaiJeep trail



pre-Prototype Telescope

• Purpose:
– Proof of Concept
– Measure Background

• Telescope
– Commercial Fresnel Lens

(NTK-F300, f30cm, size=30cm, 
pitch=0.5mm, PMMA UV),

– UV Filter (BG3)
– Hamamatsu 4x4 (H6568) MAPMT
– Readout Electronics:   Preamp, Receiver, 

Trigger, ADC and DAQ

Built within a few months



Field Test at Lulin Observatory  (2900m)

10/10/2002
3 elevation angles: 3°, 7°, 15°
2 conditions:  w/o BG3 filter

E

玉山
(Jade Mt.)

0°
3°
7°

15°
Sirius



PalermoPalermo (Sicily)
9-10 January 2003

The Third
Very High Energy 

Neutrino Telescope 
Workshop

International Organizing Committee (IOC)
Francois Vannucci (Paris, France)
Guey-Lin Lin (Taipei, Taiwan)
Minghuey A. Huang (Taipei, Taiwan)
John G. Learned (Hawaii, USA)
Osvaldo Catalano (Palermo, Italy)
Yee Bob Hsiung (Taipei, Taiwan)
Bruno Sacco (Palermo, Italy)
Giancarlo Cusumano (Palermo, Italy)
Teresa Mineo (Palermo, Italy)
Nino La Barbera (Palermo, Italy)
Wei-Shu Hou (Taipei, Taiwan)
Said Bouaissi (Paris, France)
Francois Vannucci (Paris, France)

Local Organizing Committee
(IASF, CNR, Palermo, Italy)

Giancarlo CUSUMANO
Fabio D'ANNA 

Antonino LA BARBERA 
Teresa MINEO



3/22/2003 George W.S. Hou @ VHEPA-3

Fresnel lens
Entrance

pupil

Focal surface

Focal surface
support structure

System electronics

 A m on ocu l a r com pa ct  i n str um en t

t o  d et ec t   EECRs a n d  Neu t r i n os
EUSO : Extreme Universe Space Observatory

Ebisuzaki Talk
Optical System

• MAPMT (8×8) Array in Focal Plane
• Technical Difficulty: 

– Odd Shape FOV 12°×120°
Difficult to Cover by Single Mirror/Lens

– F Value!

• Options: 
– EUSO :     60° Fresnel Lens

[40 cm Prototype]
– ASHRA:    50° Modified Baker-Nunn

Full Prototype Under
Constructuon

Sasaki Talk



NuTel Collaboration
NTUHEP/CosPA2
PIs: W.S. Hou & Y.B. Hsiung
Hardware Team:

K. Ueno (Faculty)
Y.K. Chi (Electronics)
Y.S. Velikzhanin (Electronics)
M.W.C. Lin (Technician)

Simulation Team:
M.Z. Wang (Faculty)
P. Yeh (Faculty)
H.C. Huang (Postdoc)
C.C. Hsu (Ph.D. student)

NLHU
M.A. Huang (Faculty)

Italy: IASF, CNR, Palermo
– N. La Barbera, O. Catalano,

G. Cusumano, T. Mineo,
B. Sacco

France:     Paris, France
F. Vannucci, S. Bouaissi

USA:   Hawaii
J.G. Learned

Japan:  ICRR
M. Sasaki  [Fall 2003]

Taiwan:    
– NCTS/CosPA3
– G.L. Lin,  H. Athar, …

Formed in Spring 2002



NuTel Milestones
• Summer 2001:  Pick up idea through Vannucci visit;

prelim. check  &  eye on Hawaii Big Island
• 12/2001  NCTS Workshop on Astroparticle Physics, Kenting, Taiwan

– Concept & Early Feasibility Study Presented        (F. (F. HalzenHalzen was there)was there)
• 3/2002   1st VHE Neutrino Telescope Workshop, Taipei

– 4 Institutions show intention to join
• 8/2002 2nd VHENTW, Hawaii

– Cerenkov vs. Fluorescence;  Visit Mt. Hualalai
• 1/2003   3rd VHENTW, Palermo

– Decide on Cerenkov and Discuss detector configuration

• 2/2003   NuNuΤΤelel chosen as project name.  [vs.  TauWatch]
• 3/2003   Agree on Wide FOV
• 7/2003   Three Posters at ICRC2003
• 9/2003   File NuTel/ASHRA plan as CosPA-2 Continuation
• 11/2003 Agreement on ASHRA Telescope Optics 



6/1/2002 George W.S. Hou

Conclusion and Outlook
• Optimal Range for Detecting ντ

by Conversion in Mountain/Earth is 1015 to 1018 eV
– Conversion Efficiency High

Energy Resolution Reasonable

• Niche btwn  Conventional ν Detectors   [IceCube…]
and  UHECR ν Detectors   [Auger…]

Uniqueness makes Project Attractive!
See Evt: Pin Down AGN Mech. & Test νµ → ντ Appearance

Astro Particle

Great Chance to Initiate First Experiment
CosPA-2 Direction for Next Two+ Years



2002
Physics Nobel

小柴昌俊

Quest 
for G

enuine Cosm
ic and VHE Neutrin
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Quest 
for G
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os ……
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