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Post  T2K/NOvA  Era  

Significant νµ →	
 νe Signal at T2K/NOvA 
                                        ⇩ 

Proceed Immediately to  
Lepton Sector CP Violation Discovery 

Investment for the “Discovery” in ν Physics  



Lepton Sector CP Violation	
 

  Effect of CP Phase δ appears as 
–   νe Appearance Energy Spectrum Shape 
     *Peak position and height for 1st, 2nd maximum and minimum 
     *Sensitive to all the non-vanishing δ including 180° 
     *Could investigate CP phase with ν run only  
– Difference between νe and νe Behavior  
     *Need both beam polarities with similar statistics 



•  Why 
–  Existing/near_future_planned conventional super neutrino beam,  
    based on MW class proton synchrotron 

•  FNAL MI and beyond 
•  CERN? 
•  J-PARC MR 

–  Physics results within reasonable experimental period (5years)   
    Spectrum measurement (1st and 2nd  Oscillation Max.)  

    with On-Axis beam with 5years ν beam run, then think next 
•  How 

–  Need excellent π0 discrimination  
–  Need excellent ν energy resolution and reconstruction ability             

from sub GeV to a few GeV, from single prong to high multiplicity 
–  Need long baseline to see 2nd  Osc. max, since fixed neutrino energy  
–  Need gigantic detector, since finite beam flux and long baseline 

 νe Appearance Energy Spectrum Shape Measurement 
 for the investigation of CP Phase δ   

Why and How	


Giant Liquid Argon Time Projection Chamber @ Long Baseline	
 

➪	
 

➪	
 



   Naturally, main neutrino detector  
tends to be huge.  

 As a consequence, main neutrino detector gives 
us rare and important opportunity for 

 Proton Decay Discovery 
Neutrino Astrophysics 	
 



1st  International Workshop 
 towards  

the Giant Liquid Argon Charge Imaging 
Experiment  
(GLA2010) 

March 29-31 2010, Tsukuba Japan	
 



The aim of the GLA2010	
 
   The aim of the workshop is to bring together 

researchers having common interest in realizing a 
giant neutrino observatory based on the liquid 
Argon time projection chamber technology 
combining next-generation searches for proton 
decay and neutrino physics with natural and 
artificial sources. The workshop will review the 
current worldwide efforts towards large liquid 
Argon detectors and aims at fostering 
collaborations on the medium and long time 
scales.	
 



Apologize to skip technical aspect 
which is one of the main subjects of 

GLA2010	
 



Project World Wide	
 























More on small scale R&D efforts	
 
•  R&D efforts targeted at developing further the 

technology towards large scale detectors and assessing 
performance 

•  On particle beams 
–  ICARUS 50L 
–   ArgoNEUT  
–  250L @ J-PARC 

•   With DM searches 
–  WArP 
–  ArDM 
–  DEAP/CLEAN  
–  but also MEG XENON/XMASS 









So what are the main show stoppers?	
 
•  Several groups are now engaged in R&D programs towards very 

large liquid Argon detector. So what are the “main” reasons for not 
proposing the 100 kton detectors as of today? 

•  The most important “show stoppers” seems to be today the 
following: 
–  Is the physics performance of  LAr detector fully understood(signal 

eff., Backgrounds)? 
•  Need to  study 106 ν and ν interactions on LAr 

–  What are the plausible maximum drift length & highest purity? 
•  Need experience with long drift detectors of smaller size 

–  How to get the funding agencies to commit about 500M€? 
•  Need results from T2K/NOvA and LHC 　to have very strong arguments for 

finding CPV & proton decay 

                                                        ⇩ 
                                       A precursor step 



View on a 1kt @ CERN PS 
(A step beyond MicroBooNE with 10× statistics)	
 

•  Search for νe and  νe appearance with very large statistics 
–  Answer open questions (e.g. LSND oscillations and/or address whether the 

MiniBooNE low energy excess is due to electrons or photons) 
–  Unique opportunity to test in realistic beam conditions the LAr TPC 

performance for future long baseline program 
•  Statistically precise exclusive neutrino and antineutrino differential cross-

section measurements in the GeV range 
–  With more than 106 interactions with low neutrino beam flux systematics, with 

both horn polarities 
–  To study backgrounds in future long baseline and future non-accelerator 

physics measurements with high statistical accuracy(×10 expected 
backgrounds) 

•  A technical precursor of a 100 kton underground future neutrino physics 
and proton decay experiment 
–  The largest possible detector to minimize extrapolation to 100 kton 
–  The smallest possible detector to minimize cost and timescale for realization 





Outlook	
 
•  We all look forward to ICARUS T600(1.5m drift , 50k wires) starting 

commissioning @ LNGS and produce physics results. 
•  A 20 kton LAr TPC (2.5m drift, 500k wires) is part of LBNE program @ DUSEL 

with a deliberately chosen conservative design (e.g. 2.5m drift) but with some 
challenging aspects (e.g. fully embedded cold electronics) →	
 indeed a great 
opportunity to build 1/5 of the 100kton! Currently getting to CD1-review, waiting 
for CD-2. 

•  In parallel, smaller technical “precursor step” of a 100 kton detector in the range of 
the 1 kton mass, which could perform a sensible neutrino physics program in 
addition to being the playground for future technical solutions, has been considered 
since a while. 

•  Its feasibility @ CERN PS, presumably after MicroBooNE startup, could provide 
an ideal setting, however needs much more detailed studies and assessment of 
physics performance→ an expression of interest ? 

•  A significant part of this detector(e.g. cryogenic components, purification systems, 
detectors, electronics, etc…) could be eventually deployed underground as an “pilot 
underground experiment”. 

•  It looks like LAr technology has very exciting times ahead !	
 





Angle and Baseline	
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•  Angle w.r.t On-Axis 
–  On-Axis: Wide Energy Coverage,  
	
 	
 	
 	
 	
 	
 	
 ○Energy Spectrum Measurement 
       ×Control of π0 Background 
–  Off-Axis: Narrow Energy Coverage,  
	
 	
 	
 	
 	
 	
 	
 ○Control of π0 Background 
       ×Energy Spectrum Measurement 
　　　　　　　　　→ Counting Experiment 

•  Baseline 
–  Long:  
	
 	
 	
 	
 	
 	
 ○	
 2nd Osc. Max. at Measurable Energy 
      × Less Statistics 
       ?  Large Matter Effect 
–  Short: 
	
 	
 	
 	
 	
 	
 ○	
 High Statistics 
      × 2nd Osc.Max.Too Low Energy to Measure 
       ?  Less Matter Effect 

(E/L) 

dCP=90 
dCP=270 

dCP=0 

Dm31
2 = 2.5x10-3 eV2  

sin22q13 = 0.1 
No matter effects 

νµ  νe oscillation probability  
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Skeleton of the GLA2010	
 
•  Learn experiences thoroughly, and  
     Integrate presently available  knowledge 

–  Special session “The ICARUS Liquid Argon TPC”	
 
–  Lessons on Liquid Argon Charge Imaging technology from ongoing 

developments 
–  Lessons from Xe based Liquids Imaging detectors 
–  Studies on physics performance 

•  Push present efforts forward coherently 
–  Ways to improve the Liquid Argon Charge Imaging technology 

•  Toward realization of Giant Liquid Argon TPC 
–  Localization studies 
–  Future Steps towards the realization of Giant Liquid Argon Charge Imaging 

detectors 
•  Needless to say, Based on physics argument 

–  Main goals of Giant Liquid Argon Charge Imaging Experiments 



GLA2010 Program	
 

Presentation files are available at “AGENDA” of 
http://neutrino.kek.jp/GLA2010 
  user: kds 
  pass: listed on the message request the password 
           (Be careful, it is keep changing.) 



2nd International Workshop 
 towards  

the Giant Liquid Argon Charge Imaging 
Experiment  
(GLA2011) 

2011, Europe	
 



Present situation	
 

ICARUS T600 is the largest detector built and 
operated to date 

Since its successful operation in Pavia in 2001, 
there has been tremendous, imaginative efforts 
- often independent from one another –                  

                                   and 
         worldwide to go beyond that stage 

➪	
 GLA2010 confirms this trend	
 






