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HEP/PA Projects at NTUHEP/PA Projects at NTU
NTUNTU--HEP Group started about 10 years ago, we HEP Group started about 10 years ago, we 

now have:now have:
BelleBelle @ KEK B @ KEK B --factory  factory  
CP Violation and Rare Decays of BCP Violation and Rare Decays of B--mesonmeson
KEKKEK--E391AE391A
Direct CP Violation in KDirect CP Violation in KLL Decay (pi0 Decay (pi0 nunu nubarnubar))
CMSCMS @ CERN@ CERN
Looking for Higgs and new physics beyond SMLooking for Higgs and new physics beyond SM

NuTelNuTel
An VHE neutrino Telescope R&D An VHE neutrino Telescope R&D 



Institution and ManpowerInstitution and Manpower

NTU NTU PhysicsPhysics and and Institute of AstrophysicsInstitute of Astrophysics (a (a 
new new AstroAstro--Math buildingMath building with ASIAA in 4 yrs)with ASIAA in 4 yrs)
FacultyFaculty: George W.S. : George W.S. HouHou, , MinzuMinzu Wang, Wang, PaotiPaoti
Chang, Yee B. Hsiung, Koji Ueno, Chang, Yee B. Hsiung, Koji Ueno, YehYeh PingPing
PostdocPostdoc:: Simon Simon BlythBlyth, J. Hsu, J. Hsu
EngineerEngineer: Yuri Velikzhanin, Z. : Yuri Velikzhanin, Z. GaoGao, Y. Chi, Y. Chi
7 Ph.D. students, several Master students and 7 Ph.D. students, several Master students and 
undergradsundergrads
Plus 2 Plus 2 TheoryTheory postdocspostdocs and studentsand students



Funding SupportFunding Support

National Science Council (NSC)National Science Council (NSC) –– Regular  Regular  
proposals for Belle, CMS and E391Aproposals for Belle, CMS and E391A

Ministry of Education (MOE)Ministry of Education (MOE) –– Excellence Excellence 
Program for Cosmology and Particle Program for Cosmology and Particle 
Astrophysics (Astrophysics (CosPACosPA): CosPA): CosPA--2 project for 2 project for 
NuTelNuTel, Belle SVD2 upgrade, Dark Matter , Belle SVD2 upgrade, Dark Matter 
Search R&DSearch R&D



CosPACosPA

4 4 yrs MOE Excellence Program yrs MOE Excellence Program 
5 subprojects 5 subprojects –– AMiBAAMiBA, , NuTelNuTel, Theory, , Theory, 
CFHT and CFHT and LulinLulin ObservatoryObservatory
2nd  4 yr2nd  4 yr-- CosPACosPA continuationcontinuation proposal proposal 
submitted in 9/2003submitted in 9/2003
If approved, If approved, NuTelNuTel ASHRA/ASHRA/NuTelNuTel



The The AArray for rray for 
MiMicrowave crowave 

BBackground ackground 
AAnisotropynisotropy

(ASIAA, NTUIAP)(ASIAA, NTUIAP)

AMiBA
on Mauna Loa



Linear Accelerator ☺

ντ超高能宇宙微中子τ
Telescope

τ appearance!

τ decay:  air shower
Æ ns Cherenkov

τ decay:  air shower
Æ ns Cherenkov

cross sectioncross section
~ E^1.4~ E^1.4

Seeing AGN through MountainSeeing AGN through Mountain
Very High Energy Very High Energy NNeeuutrino trino 

TelTelescopeescope



What have we done so far inWhat have we done so far in
HardwareHardware

Belle EFC detector Belle EFC detector –– BGO, electronics BGO, electronics 
and calibrationand calibration
Belle SVDBelle SVD--II upgrade II upgrade –– Trigger Timing Trigger Timing 
Modules,  Flex cables,  SVDModules,  Flex cables,  SVD--II installationII installation
E391A E391A –– PMTsPMTs for photon veto systemfor photon veto system
CMS CMS –– PreshowerPreshower readout electronicsreadout electronics
Mother BoardsMother Boards
Electronics/Optics for Electronics/Optics for NuTelNuTel R&D (K. R&D (K. 
UenoUeno’’s talk)s talk)



BelleBelle偵測器偵測器 Belle (法語) ≈美人

NTU contribution
(NSC$)  1996-1999

CosPA-2 
MOE $ for
SVD-II 
Upgrade

2000-2003



KEKKEK ((日本高能實驗室日本高能實驗室)) 鳥瞰圖鳥瞰圖

筑波山



Extreme Forward CalorimeterExtreme Forward Calorimeter (EFC)(EFC)
A smallA small--angle EM calorimeter (angle EM calorimeter (radrad. hard pure BGO. hard pure BGO))
Extend the Belle detecting angle from Extend the Belle detecting angle from 
17 ~ 150 degree to 6.4 ~ 173.4 degree17 ~ 150 degree to 6.4 ~ 173.4 degree
Utility:   Utility:   Instantaneous LuminosityInstantaneous Luminosity

Beam Background Beam Background MonitoringMonitoring
TaggerTagger for Twofor Two--photon Physicsphoton Physics

Bhabha Scattering
Single-tagged
two-photon



EFCEFC on the Cover Page  on the Cover Page  

EFC saw First Bhabha events at B Factory!



Belle SVD2 UpgradeBelle SVD2 Upgrade
Collaborate w/

KEK,
Tokyo & Princeton

etc.

SVD2 completed 3/2003
Installed in Summer 2003

From 3-layers of SVD1 to
44--layers layers + selfself--trackingtracking

FPGAsFPGAs

NTU Contribution: TTM
Trigger Timing Module

TTM
Trigger Timing Module



NTU Contribution: FLEXNTU Contribution: FLEX —— Flexible Flexible 
PCBPCB

State of the Art!
Smallest pitch in the world：

20μm
500 lines
in 2 cm

Laser ScanLaser ScanLaser Scan

Finer than Mobile
by 5 ~ 10 times

Laser microsurgery by NTU grad/tech
— Correct  Mass Production Defects



SVD2 & FLEX
Assembly



E391a DetectorE391a Detector

section
Downstream 

section

Middle Section

NTU contribution: PMTs for photon veto system

Upstream 



CMS Detector CMS Detector (at LHC@CERN)(at LHC@CERN)
Finishing by 2007 

Preshower
NTU contrib. in
Electronics

20,000 ton

Search for Higgs 
Origin of Masses

SUSY
Symmetry Breaking

x 2000

(Compact Muon Solenoid)



LHC at CERNLHC at CERN

Lake Geneva侏
羅
山

27km LHC

7 TeV / beam



Analysis:Analysis:
Enjoying New Physics ResultsEnjoying New Physics Results

CPCP--Violation and Rare Decays in BViolation and Rare Decays in B

NuTelNuTel Simulations (M. WangSimulations (M. Wang’’s talk)s talk)



T-Belle Physics Analysis 2000-2003



Discovery of Rare Decays:Discovery of Rare Decays: ±± → KppB

New Rare Baryon New Rare Baryon 
Decays!Decays!
Unexpected Unexpected 
SpectrumSpectrum
May leads to CP May leads to CP 
ViolationViolation
2/7/2002 submitted 2/7/2002 submitted 
to to PRL PRL 
PRL PRL 8888, 181803 (2002), 181803 (2002)

2 More P
apers

 Since

Many M
ore t

o come

Many M
ore t

o come



Belle 2003: CP Asymmetry in BÆφ KS
140 fb-1

Belle: sin2φ1eff = -0.96 ±0.50
(A=-0.15±0.29±0.07)

3.5σ off



Current Belle and BaBar Results for sin(2φ1)

sin2φ1  (Belle 2003,140 fb-1) 
=0.733±0.057±0.028

sin2φ1  (BaBar 2002, 81 fb-1)
=0.741±0.067±0.033

sin2φ1  (New 2003 World Av.)

=0.736±0.049



2002 2002 Status of new phases in  bStatus of new phases in  bÆÆs s penguinspenguins



2002 2002 Status of New Phases in  bStatus of New Phases in  bÆÆ s s PenguinsPenguins
33

WhoWho
WouldWould
YouYou

Believe ?Believe ?



Linear Accelerator ☺

ντ超高能宇宙微中子τ
Telescope

τ appearance!

τ decay:  air shower
Æ ns Cherenkov

τ decay:  air shower
Æ ns Cherenkov

cross sectioncross section
~ E^1.4~ E^1.4

Seeing AGN through MountainSeeing AGN through Mountain
Ultra High Energy Neutrino Ultra High Energy Neutrino 

TelescopeTelescope



Window of OpportunityWindow of Opportunity
? UHECR ν DetectorConventional ν Detector



SensitivitySensitivity defineddefined
as Flux that produce as Flux that produce 
0.3 0.3 evtsevts per year per year 
per 1/2 decade of per 1/2 decade of 
energyenergy
ÆÆ
-- Explore MPR limits Explore MPR limits 
-- Similar limit asSimilar limit as

AMANDAAMANDA--B10 B10 
But But Higher EnergyHigher Energy

What aboutWhat about
Nearby Point Nearby Point 

Source ?Source ?

Niche

Conventional ν detector UHECR ν detector

Sensitivity Sensitivity 

Study by Alfred HuangStudy by Alfred Huang



ConclusionConclusion
HEP experimental group in NTU started about 10 years HEP experimental group in NTU started about 10 years 
ago by joining KEKago by joining KEK--BelleBelle
We now have 4 teaching faculties, 2 research faculties, 2 We now have 4 teaching faculties, 2 research faculties, 2 
postdocspostdocs, 3 engineers, 7 Ph.D. students, several master , 3 engineers, 7 Ph.D. students, several master 
and undergrad studentsand undergrad students
Experimental projects have also expanded from HEP into Experimental projects have also expanded from HEP into 
Astrophysics with new Institute of APAstrophysics with new Institute of AP

Belle Belle --> Super B> Super B
E391a E391a --> JHF > JHF 
CMSCMS
NuTelNuTel --> ASHRA/> ASHRA/NuTelNuTel --> ASHRA> ASHRA
GLC?GLC?
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