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The principle of LArTPC 
  - 3D track reconstruction  
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The principle of LArTPC 
  - 3D track reconstruction  

Charged particle tracks 
ionize Argon atoms 
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The principle of LArTPC 
  - 3D track reconstruction  

Charged particle tracks 
ionize Argon atoms 

Scintillation light (~ns) is detected by 
PMTs at same time 
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The principle of LArTPC 
  - 3D track reconstruction  

Then ionized electrons are drifted 
to anode wires (~ms) 
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The principle of LArTPC 
  - 3D track reconstruction  

Then ionized electrons are drifted 
to anode wires (~ms) 
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Electrons near the wires are collected first, and 
electrons far from the wires are collected last, so drift 
coordinate  information is converted to electron drift 
time (time is projected)   

Bo Yu (BNL) 

 1. Liquid Argon Time Projection Chamber (LArTPC) 
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

100% 
R&D 

100% 
Physics 

Yale TPC  

50%R&D 
50%Physics 
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 2. Yale TPC 
TPC vessel sitting in LAr bath 
 - 2 plane reeading, 50 wires with 5 mm pitch 
 - LAr filter in line (ppmàfew tenth of ppb) 
 - not cryostat, but TPC vessel is sitting in LAr bath 
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 2. LArSoft 
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Bromberg et al.,ArXiv:1307.8166 

electron	
  

photon	
  

Reconstruction is hard 
 - Biggest effort on software development 
 - Shower reconstruction is especially hard 
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

Material test stand  
“LUKE” (Fermilab)  

Electronics test stand  
“Bo” (Fermilab)  

100% 
R&D 

100% 
Physics 

Yale TPC  

50%R&D 
50%Physics 
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 2. Argon purification system 
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Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 

Measure pollution of LAr by materials 
 - ~tenth of ppt purity 
 - gas and liquid phase measurement 

Luke	
   Bo	
  Argon purification system	
  

Pordes, LArTPC R&D workshop2013 
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 2. Argon purification system 
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Measure pollution of LAr by materials 
 - ~tenth of ppt purity 
 - gas and liquid phase measurement 

Luke	
   Bo	
  Argon purification system	
  

Sintered metal	
  

Molecular sieve 
(zeolite)	
  

Activated copper 
coated alumina 

~600-1000m2/g 

H2O filter O2 filter 

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 
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 2. Argon purification system 
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Measure pollution of LAr by materials 
 - ~tenth of ppt purity 
 - gas and liquid phase measurement 

Luke	
   Bo	
  Argon purification system	
  

Sintered metal	
  

Molecular sieve 
(zeolite)	
  

Activated copper 
coated alumina 

~600-1000m2/g 

H2O filter O2 filter 

Regeneration process	
  
 - H2O filter à heat (250Co) 
 - O2 filter à heat with Ar-H2 gas (CuO+H2àCu+H2O)  

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 
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 2. Materials Test System (MTS), “Luke” 
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250L cryostat 
 - All materials used in inside of LArTPC cryostat must be tested by this (ArgoNeuT, MicroBooNE, etc) 
 - Measure the change of electron lifetime (=impurity concentration) by material insertion 
 - Both gas and liquid phase    

Luke	
   Bo	
  Argon purification system	
  

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 
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 2. Materials Test System (MTS), “Luke” 
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Luke	
   Bo	
  Argon purification system	
  

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 
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 2. Materials Test System (MTS), “Luke” 
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Purity monitor 
 - Produce photo-electron by imping UV light on gold plate 
 - Cathode and anode signal define electron life time 

Luke	
   Bo	
  Argon purification system	
  

purity monitor	
  

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 
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 2. Materials Test System (MTS), “Luke” 
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FR4 (typical circuit board material) 
 - fiber glass (=contain lots of water), known “bad” material for LArTPC 
 - Impurity ceases to show up, it only appear gas phase running 

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 



14/12/12	
   24	
  

 2. Materials Test System (MTS), “Luke” 

Teppei	
  Katori	
  

FR4 (typical circuit board material) 
 - fiber glass (=contain lots of water), known “bad” material for LArTPC 
 - Impurity ceases to show up, it only appear gas phase running 
 - there is no material reduce electron life in liquid (problem happens when material is exposed in LAr gas) 

Pordes, LArTPC R&D workshop2013 Curioni et al.,NIMA605(2009)306 
Andrew et al.,NIMA608(2009)251 
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 2. Electronics test stand, “Bo” 
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Luke	
   Bo	
  Argon purification system	
  

General purpose R&D cryostat 
 - Test “cold” electronics 
 - Take cosmic ray data (filter function for Fourier transformation)  
 - Scintillation light test stand (later)  
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

Material test stand  
“LUKE” (Fermilab)  

Electronics test stand  
“Bo” (Fermilab)  

100% 
R&D 

100% 
Physics 

Yale TPC  

ArgoNeuT 
50%R&D 
50%Physics 
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 2. ArgoNeuT 
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ArgoNeuT,PRL108(2012)161802 

First USA LArTPC neutrino experiment 
 - Small fiducial volume, but MINOS ND as muon range 
 - NuMI neutrino beamline (wideband 3 GeV beam with tail up to 20 GeV) 

ArgoNeuT cryostat 

ArgoNeuT 

cryostat volume 0.7 ton 

TPC volume 0.25 ton 

# channel 480 

wire pitch 4 mm 

electronics style JFET (293K) 

max. drift length 0.5m (330ms) 

light collection none 

Argo-
NeuT  

MINOS 
near 
detector  

Neutrinos  

MINOS near detector hall 
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First USA LArTPC neutrino experiment 
 - Small fiducial volume, but MINOS ND as muon range 
 - NuMI neutrino beamline (wideband 3 GeV beam with tail up to 20 GeV) 

ArgoNeuT 

cryostat volume 0.7 ton 

TPC volume 0.25 ton 

# channel 480 

wire pitch 4 mm 

electronics style JFET (293K) 

max. drift length 0.5m (330ms) 

light collection none 

ArgoNeuT,PRL108(2012)161802 
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 2. ArgoNeuT 
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First USA LArTPC neutrino experiment 
 - Small fiducial volume, but MINOS ND as muon range 
 - NuMI neutrino beamline (wideband 3 GeV beam with tail up to 20 GeV) 

ArgoNeuT 

cryostat volume 0.7 ton 

TPC volume 0.25 ton 

# channel 480 

wire pitch 4 mm 

electronics style JFET (293K) 

max. drift length 0.5m (330ms) 

light collection none 

Palamara,NuInt12 

ArgoNeuT can 
reconstruct such event 
which is total impossible 
with other detector...  	
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

Material test stand  
“LUKE” (Fermilab)  

Electronics test stand  
“Bo” (Fermilab)  

100% 
R&D 

100% 
Physics 

Yale TPC  

ArgoNeuT 

LAPD 

50%R&D 
50%Physics 

Teppei	
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 2. LAPD (Liquid Argon Purity Demonstrator) 

Teppei	
  Katori	
  

Large cryostat to achieve high purity without evacuation 
 - Purging room temperature argon gas to push out impurity 
 - It can achieve sub ppb purity after 1 week purging with recirculating argon gas (with filter) 
 - LAPD measure temperature, purity at various location 
 - Later, TPC is installed (long Bo) 

Liquid Argon Purity Demonstrator (LAPD) 

tank 

filters 

Bromberg et al.,ArXiv:1307.8166 
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

Material test stand  
“LUKE” (Fermilab)  

Electronics test stand  
“Bo” (Fermilab)  

100% 
R&D 

100% 
Physics 

Yale TPC  

ArgoNeuT 

LAPD 

MicroBooNE 

50%R&D 
50%Physics 
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 2. MicroBooNE 
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MiniBooNE low energy excess 
 - MiniBooNE cannot distinguish electron and photon 

ArgoNeuT MicroBooNE 

cryostat volume 0.7 ton 150 ton 

TPC volume 0.25 ton 86 ton 

max. drift length 0.5m (330ms) 2.5m (1.5ms) 

electronics style JFET (293K) CMOS (87K) 

# channel 480 ~8,000 

wire pitch 4 mm 3 mm 

# wire plane 2 3 

light collection none 30 of 8” PMT 

MiniBooNE,PRL102(2009)101802 
Karagiorgi, NuInt12 

MicroBooNE electron like sample  

If MiniBooNE 
excess is electron  

If MiniBooNE 
excess is gamma  

MicroBooNE gamma like sample  
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 2. MicroBooNE 
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ArgoNeuT MicroBooNE 

cryostat volume 0.7 ton 150 ton 

TPC volume 0.25 ton 86 ton 

max. drift length 0.5m (330ms) 2.5m (1.5ms) 

electronics style JFET (293K) CMOS (87K) 

# channel 480 ~8,000 

wire pitch 4 mm 3 mm 

# wire plane 2 3 

light collection none 30 of 8” PMT 

MiniBooNE,PRL102(2009)101802 
Karagiorgi, NuInt12 

Path to large LArTPC 
 - Roughly half size of ICARUS T300 (=half module of ICARUS T600) 
 - Booster Neutrino Beamline (wideband 800 MeV peak 
 - All specs are improved from ArgoNeuT  
   - more channels, denser wires, more planes 
   - longer drift length (=need purer LAr) 
   - cold electronics (closer FEB, lower CMOS noise) 
   - photon collection system (later) 
 - Not vacuum insulated (foam insulated), <15W/m2 

 - Surface running 
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Karagiorgi, NuInt12 

Path to large LArTPC 
 - Roughly half size of ICARUS T300 (=half module of ICARUS T600) 
 - Booster Neutrino Beamline (wideband 800 MeV peak 
 - All specs are improved from ArgoNeuT  
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   - cold electronics (closer FEB, lower CMOS noise) 
   - photon collection system (later) 
 - Not vacuum insulated (foam insulated), <15W/m2 

 - Surface running 
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 2. MicroBooNE 
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Guenette, Fermilab academic lecturer series (2014) 
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

Material test stand  
“LUKE” (Fermilab)  

Electronics test stand  
“Bo” (Fermilab)  

100% 
R&D 

100% 
Physics 

Yale TPC  

ArgoNeuT 

LAPD 

MicroBooNE 

50%R&D 
50%Physics 

LBNE 35ton 

Teppei	
  Katori	
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 2. LBNE35ton prototype 

Teppei	
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Membrane cryostat 
 - Only viable technology of large cryostat 

worker  

216,000m3 LNG tanker (~300 kt of LAr)  
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 2. LBNE35ton prototype 
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 2. LBNE35ton prototype 
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 2. LBNE35ton prototype 
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 2. LBNE35ton prototype 
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Path to the large LArTPC in USA 

Karagiorgi,arXiv:1304.2083 

2007               2008                   2010               2013                              20?? 

Material test stand  
“LUKE” (Fermilab)  

Electronics test stand  
“Bo” (Fermilab)  

100% 
R&D 

100% 
Physics 

Yale TPC  

ArgoNeuT 

LAPD 

MicroBooNE 

50%R&D 
50%Physics 

LArXXX 

LAr1 

LBNE 35ton 

Teppei	
  Katori	
  

Captain 

LArIAT 

LAr1-ND 
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 2. LBNE 
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LBNE whitepaper,ArXiv:1307.7335 

Future large LArTPC 
 - Now LAr20 (2 modules, 10 kton each) 
 - Light guide idea for photon detection (later) 

ArgoNeuT MicroBooNE LAr40 

cryostat volume 0.7 ton 150 ton 40k ton 

TPC volume 0.25 ton 86 ton 34k ton 

max. drift length 0.5m (330ms) 2.5m (1.5ms) 3.7m (2.3ms) 

electronics style JFET (293K) CMOS (87K) CMOS (87K) 

# channel 480 ~8,000 ~266,000 

wire pitch 4 mm 3 mm 5 mm 

# wire plane 2 3 3 

light collection none 30 of 8” PMT light guide 
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 2. LBNE 
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LBNE whitepaper,ArXiv:1307.7335 

ArgoNeuT MicroBooNE LAr40 

cryostat volume 0.7 ton 150 ton 40k ton 

TPC volume 0.25 ton 86 ton 34k ton 

max. drift length 0.5m (330ms) 2.5m (1.5ms) 3.7m (2.3ms) 

electronics style JFET (293K) CMOS (87K) CMOS (87K) 

# channel 480 ~8,000 ~266,000 

wire pitch 4 mm 3 mm 5 mm 

# wire plane 2 3 3 

light collection none 30 of 8” PMT light guide 

Future large LArTPC 
 - Now LAr20 (2 modules, 10 kton each) 
 - Light guide idea for photon detection (later) 
 - Strongly recommended by P5  
 - International collaboration is necessary 
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 2. LBNE 
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LBNE whitepaper,ArXiv:1307.7335 
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 2. US LArTPC programs 

 3. LAr photon detection R&D 

 4. Challenge of LArTPC technology 

 5. Conclusion 
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 3. Scintillation light from argon 
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Noble gas comparison 
 - lower boiling point is easier to handle 
 - higher density has more energy deposit 
 - longer wavelength is easier to detect 
 - Xe>Kr>Ar>Ne>He but Xe and Kr are expensive 

Soderberg, NNN 2013  
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 3. Scintillation light from argon 

Teppei	
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Argon as gas scintillator 
 Organic scintillator (PPO, POPOP, PBD, etc) 
  - S0-S1 excitation of π-electron  
 Inorganic scintillator (NaI(Tl), etc) 
  - Crystal with impurity 

S0	
  

S1	
  

valence band	
  

conducting band	
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 3. Scintillation light from argon 
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Argon as gas scintillator 
 - 2 excitation path, singlet (spin 0) and triplet (spin 1) 
 - prompt signal can be used for trigger  
 - delayed signal is sensitive to impurity (nitrogen) 
 - both vacuum UV (128nm) 

Ar	
  
Ar	
  

p	
  
+	
  

Ar	
   Ar	
  *	
   *	
  
1Σu excimer 

Ar	
  

Ar	
  
γ 

6ns 

e	
  

Ar	
   Ar	
  +	
  

-­‐	
  

Ar	
  

p	
  
+	
   Ar	
  

e	
   -­‐	
  

+	
  

Ar	
   Ar	
   *	
  
3Σu excimer 

1590ns 

Ben Jones, ICATPP 2013 
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 3. Scintillation light from argon 

Teppei	
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Argon as gas scintillator 
 - 2 excitation path, singlet (spin 0) and triplet (spin 1) 
 - prompt signal can be used for trigger  
 - delayed signal is sensitive to impurity (nitrogen) 
 - both vacuum UV (128nm) 

prompt 	
   delayed 	
   delayed 	
   Acciarri et al., 
JINST5(2010)P06003 

Bugel et al.,NIMA640(2011)69 
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 3. Scintillation light from argon 

Teppei	
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TPB (tetraphenyl butadiene) 
 - convert 128nm to blue (efficiency > 100%?!) 
 - degrade by UV light (possibly by humidity, too) 

Chiu et al.,JINST7(2012)P07007 Jones et al.,JINST8(2013)P01013 

TPB plate performance degradation 	
   Benzophenone production 	
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 3. Scintillation light from argon 
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TPB plate idea 
 - deposit TPB-polystyrene mixture on acrylic plate (TPB plate) 
 - equip TPB in front of PMT 

TPB plate sample 	
  

Mechanical model of 
MicroBooNE PMT 	
  

Lab6 scintillation building	
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TPB plate idea 
 - deposit TPB-polystyrene mixture on acrylic plate (TPB plate) 
 - equip TPB in front of PMT 
 - performance of TPB plate is measured by vacuum spectrometer.  
Comparing with vacuum evaporated plate, it is ~OK  

Baptista et al.,ArXiv:1210.3793 

Fermilab vacuum spectrometer 	
  

Deuterium lamp spectrum 	
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 3. Scintillation light from argon 

Teppei	
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TPB plate idea 
 - deposit TPB-polystyrene mixture on acrylic plate (TPB plate) 
 - equip TPB in front of PMT 
 - performance of TPB plate is measured by vacuum spectrometer.  
Comparing with vacuum evaporated plate, it is ~OK  

Baptista et al.,ArXiv:1210.3793 

Fermilab vacuum spectrometer 	
  

TPB plate performance 	
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 3. Scintillation light from argon 

Teppei	
  Katori	
  

Impurity measurement 
 - O2 and N2 are known impurity to reduce scintillation output 
 - Nitrogen is not controlled in LArTPC experiment (oxygen is <ppb to make TPC works) 
 - Nitrogen injection line and monitor is installed in Bo cryostat system 

Jones et al.,JINST8(2013)P07011 

Ben Jones (MIT)	
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Impurity measurement 
 - O2 and N2 are known impurity to reduce scintillation output 
 - Nitrogen is not controlled in LArTPC experiment (oxygen is <ppb to make TPC works) 
 - Nitrogen injection line and monitor is installed in Bo cryostat system 
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 3. Scintillation light from argon 
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Impurity measurement 
 - O2 and N2 are known impurity to reduce scintillation output 
 - Nitrogen is not controlled in LArTPC experiment (oxygen is <ppb to make TPC works) 
 - Nitrogen injection line and monitor is installed in Bo cryostat system 
 - LAr with “typical” N2 impurity has negligible effect on attenuation 

Jones et al.,JINST8(2013)P07011 

27ppb N2 
3.7ppm	
  N2	
  
7.4ppm	
  N2	
  
15.5	
  ppm	
  N2	
  

Ben Jones (MIT)	
  

Light output from 210Po 	
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 3. Scintillation light from argon 
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Cryogenic PMT 
 - bi-alkali photo-cathode stops working at ~150K 
 - Pt-coating to save electron mobility (1st generation cryogenic PMT) 
   - slight loss of quantum efficiency 
 - super bi-alkali works in cold (2nd generation cryogenic PMT) 
 - base circuit should avoid temperature dependent components 
 - heat deposit ~0.5W/base 

Mayer, 
NIMA621(2010)437 

Briese et al.,JINST8(2013)T07005 

MicroBooNE PMT base 	
  PMT quantum efficiency vs temperature 	
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Briese et al.,JINST8(2013)T07005 

Open Dewar based PMT test stand 
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 3. MicroBooNE PMT test stand 
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Briese et al.,JINST8(2013)T07005 

Open Dewar based PMT test stand 
 - All structures are attached on glass fiber lid 
 - there are 5 penetrations 
i. LN2 injection 
ii. gas vent 
iii. level sensor 
iv. cable feed-through 
v. light injection system 
 - In room temperature, PMTs sit on Delrin 
bottom fixture 
 - In LN2, PMTs float and fit in Delrin upper 
fixture  
 - There is a weight at the bottom of the 
structure 
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 3. MicroBooNE PMT test stand 
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Briese et al.,JINST8(2013)T07005 

Open Dewar based PMT test stand 
 
 Purpose 
 - All PMTs need to be operated in cryogenic temperature before the experiment 
 - Verify spec gain and dark current in cryogenic condition 
 - Gain experiences of cryogenic PMT operation 
 - Study basic features (how long do you need to cool down, etc) 
 
No need to be pressurized vessel (expensive, safety issue) 
 
Large open Dewar with modification 
 - commercial open Dewar, 346L (70cmx90cm inner diameter and height), $17,000 
 - Labor + Materials ~ $5000 
 - Total $22,000 
 - Need 1 or 2 of 160L LN2 bottle to fill every week (LN2~$30, LAr~$160) 
 - No need technician’s help for operation 
 
Test procedure 
 - 4 PMTs are simultaneously immersed in LN2 
 - 1 PMT (calibration PMT) stays same location during all tests 
 - PMTs are immersed in LN2 least 3 days with dark before any tests 
 - LED illumination + trigger in LN2 (no purity issue) 
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 3. MicroBooNE PMT test stand 
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Briese et al.,JINST8(2013)T07005 

Open Dewar based PMT test stand 
 - Dark current and gain are measured both in 
air and liquid nitrogen (LN2). 
 - Operation HV values in cryogenic 
temperature are extracted. 

Typical SER plot 	
  

Gains are measured at every 100V from  
900V to 1800V. 
 
PMT cold gains are ~10-50% of  
warm gains. 
 
Optimal HV value for 3E7 gain is  
extrapolated. 

Typical warm and cold gain 	
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 3. MicroBooNE PMT test stand 
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Briese et al.,JINST8(2013)T07005 

Typical warm and cold gain 	
  

Open Dewar based PMT test stand 
 - Dark current and gain are measured both in 
air and liquid nitrogen (LN2). 
 - Operation HV values in cryogenic 
temperature are extracted. 

Gains are measured at every 100V from  
900V to 1800V. 
 
PMT cold gains are ~10-50% of  
warm gains. 
 
Optimal HV value for 3E7 gain is  
extrapolated. 
 
~200 V increase can recover gain drop 

Optimal HV distribution for 3E7 gain 	
  

Typical SER plot 	
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 3. MicroBooNE PMT test stand 
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Briese et al.,JINST8(2013)T07005 

Open Dewar based PMT test stand 
 - Dark current and gain are measured both in 
air and liquid nitrogen (LN2). 
 - Operation HV values in cryogenic 
temperature are extracted. 

Cold dark current is slightly higher than 
warm dark current. 
 
Cold noise doesn’t show “plateau break 
down” at higher HV. 
 
These results are not intuitive, but in fact, 
well known. 
NIMA621(2010)437 
JINST2(2007)P11004 
ArXiv:0805.0771 
 
 

Typical dark current curve 	
  

Typical SER plot 	
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 3. MicroBooNE PMT unit 
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32 PMTs with 4 light guides 
 - PMT sits in spring-loaded structure 
 - avoid direct glass-metal contact by teflon 
 - cryogenic magnetic shield  
 

TK,JINST8(2013)C10011 

spring	
  

Teflon 
coated wire	
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 3. MicroBooNE PMT unit 
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32 PMTs with 4 light guides 
 - PMT sits in spring-loaded structure 
 - avoid direct glass-metal contact by teflon 
 - cryogenic magnetic shield  
 

TK,JINST8(2013)C10011 

cryogenic mu-metal 
shield	
  

MicriBooNE PMT rotator	
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 3. MicroBooNE PMT unit 
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32 PMTs with 4 light guides 
 - PMT sits in spring-loaded structure 
 - avoid direct glass-metal contact by teflon 
 - cryogenic magnetic shield  
 

TK,JINST8(2013)C10011 

equator 	
  

Relative signal variation with PMT angle	
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Paul Nienaber (St. Mary) 
Ryan Grosso (Cincinnati) 
Bryce Littlejohn (Cincinnati) 
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 3. MicroBooNE PMT array system 

Teppei	
  Katori	
  

32 PMTs with 4 light guides 
 - PMT sits in spring-loaded structure 
 - avoid direct glass-metal contact by teflon 
 - cryogenic magnetic shield  
 

TK,JINST8(2013)C10011 

Installation 
of final 

PMT rack 

TPC frame	
  PMT rack	
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TPB coated acrylic bar 
 - TPB re-emitted light is trapped in acrylic bar, and internally reflect 
 - Collected by photo-sensor (2-inch PMT) at the end 
 - The concept works, efficiency seems low 
 - MicroBooNE has 4 of them to compare performance with 8-inch PMTs 

Bugel et al.,NIMA640(2011)69 

Matt Toups (MIT)	
  

LBNE APA concept 
Anode Plane Assembly 
conceptual design. Wires 
are wrapping around a light 
guide 
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 3. Light guide 
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TPB coated acrylic bar 
 - TPB re-emitted light is trapped in acrylic bar, and internally reflect 
 - Collected by photo-sensor (2-inch PMT) at the end 
 - The concept works, efficiency seems low 
 - MicroBooNE has 4 of them to compare performance with 8-inch PMTs 

Bugel et al.,NIMA640(2011)69 

Initial light guide test results 
 - The basic idea works 
 - Efficiency is rather low (~0.1%) 
 - Lots of room to improve 
   - better quality of acrylic 
   - better TPB deposition technique 
 
Long Bo 
 - Indiana university further improved 
this technique, and tested   
 
LBNE35ton  
 - It will equipped one of these 
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 3. LAr light collection group 
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1. The Effects of Dissolved Methane upon Liquid Argon Scintillation Light  
Ben Jones et al., (JINST 8 (2013) P12015) 
 
2. A Measurement of the Absorption of LAr Scintillation Light by Dissolved N2 at the Part-Per-Million Level  
Ben Jones et al., (JINST 8 (2013) P07011) 
 
3. Testing of Cryogenic Photomultiplier Tubes for the MicroBooNE Experiment  
Briese et al., (JINST 8 (2013) T07005) 
 
4. Photodegradation Mechanisms of Tetraphenyl Butadiene Coatings for Liquid Argon Detectors  
Ben Jones et al., (JINST 8 (2013) P01013) 
 
5. Benchmarking TPB-coated Light Guides for Liquid Argon TPC Light Detection Systems  
B. Baptista et al., (e-Print: arXiv:1210.3793 [physics.ins-det]) 
 
6. Environmental Effects on TPB Wavelength-Shifting Coatings  
C. Chiu et al., (JINST 7 (2012) P07007) 
 
7. Demonstration of a Lightguide Detector for Liquid Argon TPCs  
L. Bugel et al., (Nucl.Instrum.Meth. A640 (2011) 69-75) 
 
and more…, Liquid argon is the home of R&D papers! 
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 1. Introduction 

 2. US LArTPC programs 

 3. LAr photon detection R&D 

 4. Challenge of LArTPC technology 

 5. Conclusion 
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 4. Challenge of LArTPC technology 
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Cosmic rays 
 - Cosmic rays of MicroBooNE is ~10kHz 
 - MicroBooNE DAQ windows is ~1.6 ms 
 - ~20 cosmic rays across the detector in the DAQ window 
 - Reconstruction program needs to find true neutrino interaction and tracks successfully 
 - Combination of PMT and TPC information can find all cosmic rays efficiently 

Simulated MicroBooNE 
event, reconstructed in 3D 

Ben Jones, ICATPP 2013 
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 4. Challenge of LArTPC technology 
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Positive ion problem 
 - Cosmic rays of MicroBooNE is ~10kHz 
 - They produce tons of argon ions 
 - Speed of argon ions (~cm/s) < liquid argon flows 
 - Vortex of liquid argon flow behave like a “sink” of positive ions 
 - Electric field inside of the TPC is never straight 

Guenette, Fermilab academic lecture Series (2014)    



14/12/12	
   78	
  

 4. Challenge of LArTPC technology 
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Positive ion problem 
 - Cosmic rays of MicroBooNE is ~10kHz 
 - They produce tons of argon ions 
 - Speed of argon ions (~cm/s) < liquid argon flows 
 - Vortex of liquid argon flow behave like a “sink” of positive ions 
 - Electric field inside of the TPC is never straight 
 
Con – ICARUS surface running 
 - ICARUS took cosmic ray data on surface, and it shows perfect parallel lines of comic rays, showing 
electric field is uniform across the detector 
  à ICARUS and MicroBooNE has different cryostat, cooling, flow system, etc 
 
To manage field distortion, MicroBooNE has a laser calibration system. 
 
We will find out this effect from MicroBooNE data 
 
How about LBNE? 

Guenette, Fermilab academic lecture Series (2014)    
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 4. Challenge of LArTPC technology 
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High voltage system 
 - MicroBooNE need to drift 2.5m 
 - Drift velocity is chosen to be same with ICARUS (1.5m/ms) 
 - It requires 500V/cm à  125kV total 
 - It sounds easy if we trust what textbook said... 

Lundberg, HV in Nobel Liquid 2013 
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 4. Challenge of LArTPC technology 
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High voltage system 
 - MicroBooNE need to drift 2.5m 
 - Drift velocity is chosen to be same with ICARUS (1.5m/ms) 
 - It requires 500V/cm à  125kV total 
 - It sounds easy if we trust what textbook said... 
 
MicroBooNE prototype feed-through has a hard time to send 125kV, details of HV break down may 
depend on many factors (shape and material of feed-through, for example). 
 
if we cannot send 125 kV, MicroBooNE need to run with lower voltage than designed (500V/cm à ?) 
 - longer drift time (larger DAQ window) 
 - more cosmic rays in beam window 
 - more positive ion effect 
 - more diffusions (worse resolution) 
 - more recombination (less ionization signal) 
 
MicroBooNE R&D on this topic is critical for future LArTPCs. 

Lundberg, HV in Nobel Liquid 2013 
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 4. Challenge of LArTPC technology 
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LBNE whitepaper,ArXiv:1307.7335 

νµàνe	
   anti-νµàanti-νe	
  

Reconstruction 
 - Event topology is extremely richer than any existing neutrino detectors 
 - Reconstruction is not easy, sensitivity study is based on MC truth or MC truth with simulated detector 
effect (called fast MC), to avoid reconstruction 
 - Otherwise, efficiency is estimated from hand scan 
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 4. Challenge of LArTPC technology 
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No nuclear model 
 - In this energy region (<few GeV), nuclear effect is important. 
 - Argon nucleus is too big to calculate precisely. The best ab initio nuclear model is available only up to 12C. 
 - Nuclear model is up to phenomenological one. 
 
MicroBooNE should be able to test these phenomenological models, to reduce errors for future 
experiments. 
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 4. Challenge of LArTPC technology 
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NuSTEC (Neutrino scattering Theory-Experiment Collaboration) 
 
NuSTEC is a collaboration of experimentalists and theorists whose mission is to 
improve neutrino interaction generators, organize workshops to answer 
community challenges as well as training programs in neutrino nucleus scattering 
physics and to initiate a global fit of combined results from multiple experiments to 
theoretical models.   

NuSTEC training in neutirno-nucleus scattering physics 
 
Organizing committee 
 
Luiz Alvarez-Ruso* (Valencia, Spain), ConstanEnos	
  Andreopoulos	
  (Liverpool/RAL,	
  UK),	
  Omar	
  Benhar	
  (Rome	
  
Sapienza/INFN,	
  Italy),	
  Yoshinari	
  Hayato	
  (ICRR/Univeristy	
  of	
  Tokyo,	
  Japan),	
  Teppei	
  Katori	
  (Queen	
  Mary	
  University	
  of	
  
London,	
  UK), Camillo Mariani* (Virginia Tech, USA), Jorge Morfin* (Fermilab, USA), Ulrich	
  Mosel	
  (University	
  
of	
  Giessen,	
  Germany),	
  Ornella	
  Palamara	
  (Yale	
  University,	
  USA),	
  Makoto	
  Sakuda	
  (Okayama	
  University,	
  Japan),	
  Rocco	
  
Schiavilla	
  (JLAB/Old	
  Dominion	
  University,	
  USA),	
  Jan	
  Sobczyk	
  (Wroclaw	
  University,	
  Poland),	
  MarEn	
  Tzanov	
  (Lousiana	
  
State	
  University,	
  USA),	
  Sam	
  Zeller	
  (Fermilab,	
  USA)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  *	
  co-­‐chairs	
  



14/12/12	
   84	
  

 4. Challenge of LArTPC technology 
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NuSTEC (Neutrino scattering Theory-Experiment Collaboration) 
 
NuSTEC is a collaboration of experimentalists and theorists whose mission is to 
improve neutrino interaction generators, organize workshops to answer 
community challenges as well as training programs in neutrino nucleus scattering 
physics and to initiate a global fit of combined results from multiple experiments to 
theoretical models.   
 
NuSTEC Training in Neutrino-Nucleus Scattering Physics (aka NuSTEC school) 
 - One and only on school specialized for neutrino cross-section 

Oct. 21-29, 2014, Fermilab 
 ~ 80 participants (PhD students, postdocs) 
 ~ half theorists, half experimentalists 
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 4. Challenge of LArTPC technology 
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NuSTEC (Neutrino scattering Theory-Experiment Collaboration) 
 
NuSTEC is a collaboration of experimentalists and theorists whose mission is to 
improve neutrino interaction generators, organize workshops to answer 
community challenges as well as training programs in neutrino nucleus scattering 
physics and to initiate a global fit of combined results from multiple experiments to 
theoretical models.   
 
NuSTEC Training in Neutrino-Nucleus Scattering Physics (aka NuSTEC school) 
 - One and only on school specialized for neutrino cross-section 
 
NuSTEC school 2015 - Nov. 9 – 13, 2015, Okayama, Japan 
NuInt 15 - Nov. 16-20, 2015, Osaka, Japan 

Sign up “neutrino cross-section newsletter”!  
(go google, type “neutrino cross section newsletter”) 
https://pprc.qmul.ac.uk/~katori/nu-xsec.html 
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Conclusion	
  

Thank	
  you	
  for	
  your	
  aEen/on!	
  

LArTPC technology is initiated by ICARUS, and now flourish in US 
 
There are number of projects actively studying LArTPC 
 
MicroBooNE is up coming neutrino beam experiment with LArTPC 
 
All effort focus to the future large LArTPC, such as LBNE 
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