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Proposed Research Program


MicroBooNE


" Address the MiniBooNE low-
energy excess (Sterile Neutrinos)


" Cross-section measurements 
(Dominant systematics)


" LAr TPC development


Next Generation (LBNE/LBNO):


" CP violation, mass hierarchy, precision 
oscillation physics


" Proton decay search


" Atmospheric neutrinos


" Supernova burst




Look where we’re going

23

MicroBooNE, starting in 2013
(TPC is 2.6x2.3x10.4 m)

Kiloton-scale LArTPC

θ13, leptonic CP violation, proton decay, mass hierarchy, tau neutrinos, maximal θ23, burst/diffuse supernova 
neutrinos, sterile neutrino(s), neutrino cross sections, nucleonic short range correlations, axial vector 
mass, strange spin component of the nucleon, non-standard neutrino interactions, ...

LBNE:

 10 kt LAr


(on surface)

→40 kt LAr


(underground) 
1300km


LBNO: 

 50-100 kt LAr 

2300km
 5




Liquid Argon detectors


Neutrino Physics


•  LAr TPC


•  Ionization (3D-imaging)


•  Scintillation (trigger)


Dark Matter Detections


•  Single/dual phase


•  Scintillation (pulse 
shape discrimination)


•  Low background


MicroBooNE 
170t (60t fid.) 

Liquid Argon Time Projection Chamber


Collection plane

Induction plane


Nouvelle technologie pour la détection des ν


Chambre à projection temporelle à argon liquide
The LArTPC concept
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Scintillation light is also available for detection! 

induction plane + collection plane + time = 3D image of event (w/ calorimetric info) 
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!  Bubble Chamber quality images


!  High ν detection efficiency           
(~6 times smaller detectors)


!  Excellent background rejection


!  Good calorimetric reconstruction


!  Possibility of running on surface


Chambres à projection temporelle à Ar liquide


"   Imagerie 3D


"   Haute efficacité de détection des neutrinos


"   Excellente discrimination du bruit de fond


"   Bonne reconstruction calorimétrique
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Deap 3600 
3.6t (1t fid.) 



Next Generation of LAr detectors

Neutrino Physics

•  50-100 kt

•  LBNE / LBNO


Dark Matter Detection

•  10-100t

•  DEAP/CLEAN, DarkSide-5000 


Proposed Research Program


MicroBooNE


" Address the MiniBooNE low-
energy excess (Sterile Neutrinos)


" Cross-section measurements 
(Dominant systematics)


" LAr TPC development


Next Generation (LBNE/LBNO):


" CP violation, mass hierarchy, precision 
oscillation physics


" Proton decay search


" Atmospheric neutrinos


" Supernova burst
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MicroBooNE, starting in 2013
(TPC is 2.6x2.3x10.4 m)

Kiloton-scale LArTPC

θ13, leptonic CP violation, proton decay, mass hierarchy, tau neutrinos, maximal θ23, burst/diffuse supernova 
neutrinos, sterile neutrino(s), neutrino cross sections, nucleonic short range correlations, axial vector 
mass, strange spin component of the nucleon, non-standard neutrino interactions, ...
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(on surface)

→40 kt LAr


(underground) 
1300km


LBNO: 

 50-100 kt LAr 

2300km
 5


←         120m         →

Goals:

•  Identify Mass Hierarchy

•  Search for CP violation

•  Precision measurements of oscillation parameters


•  Search for proton decay  

•  Study supernova neutrinos


•  Study atmospheric neutrinos
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LBNE:

 10 kt LAr


(on surface)

→40 kt LAr


(underground) 
1300km


LBNO:

 50-100 kt LAr 

2300km 
 5
←  70m  →


← ~4m →

Goals:


•  DM search/study (> O(1000)) events

•  Study pp solar neutrinos

•  Study supernova neutrinos


•  Search for rare events
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R.Wilson’s talk	

 D.Chamkaur’s talk	
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←         120m         →

Challenges:

•  Purity in large volumes


ü Long drift distances


ü No evacuation


•  Low noise electronics at low cost (650k channels!)

•  Costs 


ü Less expensive than Water Cherenkov detectors


ü Smaller Caverns


Proposed Research Program


MicroBooNE
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LBNE:

 10 kt LAr


(on surface)

→40 kt LAr


(underground) 
1300km


LBNO:

 50-100 kt LAr 

2300km 
 5
←  70m  →


← 4m →

Challenges:

•  Background/Trigger systems

•  Optical effects


ü Rayleigh Scattering


ü Temp./Press. effects on scintillation
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R&D effort (Neutrinos)

(US/Italy)


(US/Italy/UK)


(US)


(US)


(US)


(US)


(US/Italy/UK)


(US/Italy/UK)


ArgonTube	
  
Japan	
  Efforts	
  
…	
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LAr1	
   (US)


(Switz./UK)


Non-exhaustive list! Sorry for the ones I missed	





ArgoNeuT: 175l LAr TPC in NuMI beam (2010-2011)

•  Physics results!


•  Hints for Final State Interactions!





R&D effort (Neutrinos)
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𝛾 activity at the 
vertex 


Intra-nuclear 
re-scattering �

Data-MC comparison!


Preliminary	



C.	
  Anderson	
  et	
  al.,	
  Phys.	
  Rev.	
  Lett.	
  108	
  (2012)	
  

-­‐	
  K.	
  Partyka	
  (for	
  the	
  ArgoNeuT	
  Coll.),	
  NuINT	
  2013	
  
-­‐	
  O.	
  Pallamara	
  (for	
  the	
  ArgoNeuT	
  Coll.),	
  SLAC	
  Intensity	
  

Frontier	
  Neutrino	
  Workshop	
  2013	
  

⇒ Topological analysis


n→ p




R&D effort (Neutrinos)


MicroBooNE: 170t TPC in construction at FNAL 
(start 2014)


•  Physics and R&D goals:


ü Demonstrate the electron/photon separation


ü Develop cold electronics


ü Test purity in large detector


ü Test ability to run on/near the surface for proton decay  
studies in LAr TPC


ü Develop analysis tools


ü Develop cost scaling model for larger detector
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R&D effort (Neutrinos)


LAr1 proposal


•   1kt LAr detector


•  R&D goals for 
very large scale


•  Definitive answer 
to short-baseline 
anomalies (>5𝜎)


The LAr1 detector

•  ~3kt LAr detector (1kt fiducial)


•  Membrane Cryostat


•  3 Anode Plane Assemblies + 6 Cathode Plane Assemblies
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DEAP 3600 and MiniCLEAN


•  Main Goals:


ü Demonstrate the technology (world-leading 
limits on dark matter searches)


ü Demonstrate Pusle Shape Discrimination using 
scintillation timing at 1E9 level
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Deap 3600 
3.6t (1t fid.) 

J.Walding’s talk	



Mini-CLEAN 
300kg (150kg fid.) 

R&D effort (Dark Matter DEAP/CLEAN)




UK R&D effort (Dark Matter DEAP/CLEAN)

Optical properties measurements:

•  Rayleigh Scattering length (RHUL) 


ü Rayleigh scattering length in LAr not well known (60-90 cm) (Seidel et al., NIM A 489 (1992))


⇒impact: 20% change in leakage into fiducial volume











•  Temperature and Pressure effects on scintillation light (RHUL)

ü Anecdotal evidence of anomalous temp. Dependence

   (Ishida et al., NIM A 37 (1993))

ü Measured unexpected scintillation temp. dependence

   (Lippincott et al., Phys. Rev. C86 015807 (2012))
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𝛾 or 𝜶 source


Results coming at the end 
of the Summer�

Results coming this Summer�

Also impact 𝜈 detectors!	
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UK R&D effort (Dark Matter DEAP/CLEAN)


11


Optical properties measurements:


•  TPB angular emission measurements (Sussex)





Calibration system R&D:


•  Calibration system development:


ü Optical calibration (Sussex)


ü Gamma calibration (RAL)


ü Neutron calibration (RHUL)


•  Calibration test stand (RAL)


J.Walding’s talk	





Conclusion


•  LAr detector development is being strongly encouraged by funding agencies


•  R&D is still required to demonstrate scalability of LAr detectors for both 
neutrino physics and dark matter searches


•  A lot of effort is currently dedicated to push the understanding of LAr 
detectors → Integration!


•  Very exciting results will come out of these R&D projects!
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