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What I’m going to talk about
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Next talk: !
the physics capabilities

This talk: !
the technology of liquid 

argon neutrino detectors



Goals For This Lecture
• Familiarize everyone with detection principles of 

Liquid Argon Time Projection Chambers (LArTPCs).!

• Get everyone thinking about some of the issues 
associated with designing, building, operating these 
detectors.
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Please ask 
questions 

at anytime!
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4

What do you work on?



Question #1 (To Help Me)
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What do you work on?

A) Theory/Phenomenology !

B) Cerenkov experiment (Super-K, IceCube, etc…)!

C) Tracking Scintillator experiment (NOvA, MINERvA, etc…)!

D) Liquid Argon experiment (ICARUS, MicroBooNE, etc…)!

E) Something Else



Nexpected=σ⊗ℒ⊗ϵ
Experimentalist Approach to!

Neutrino-Nucleus Interactions
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Event Sample Cross-Section!
(Nature)

Exposure !
(Beam+Detector Mass)

Efficiency!
(Detector Specific)

• Superficially, our job is to build experiments that can acquire 
enough statistics to learn something interesting.!

• Statistics aren’t everything though.  We’d like to design 
experiments that provide deeper insight into the interactions we 
are studying while perhaps enabling new avenues of research. 



Experimentalist Wishlist for !
Neutrino-Nucleus Scattering Detector
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Experimentalist Wishlist for !
Neutrino-Nucleus Scattering Detector

Good Resolution!  Refined information enables advances in science.

Big!  …enough to be suitable for the cross-section regime and beam you’re 
working with.

Fast!  …enough to keep up with modern accelerator neutrino beam rep-rate.

Affordable!  Cost not so prohibitive that experiment will never be built.

Versatile! Potential to study many interaction types, and perhaps multiple 
nuclear targets.
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Why Liquid Argon Detectors?
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•Has all the features 
desirable for 
studying neutrino-
nucleus interactions.!

•Bubble chamber 
quality images 
combined with 
calorimetry.

A. M. Szelc, Neutrino 2014, Boston 26/7/14

Why Liquid Argon?

● Bubble chamber quality of 
data with added full 
calorimetry.

● Can produce physics results 
with a “table-top” size 
experiment:

– Benchmark - “standard 
candle” results.

– Physics enabled by LAr 
capabilities.

– Development towards 
future large detectors.

Muon

proton

Charged π

ν interaction

Muon

proton

Charged π

ν interaction

ArgoNeuT Event

12-foot bubble chamber @ Argonne National Laboratory



LArTPC Principle
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Light Collection Light Collection

Refs:!
1.) Liquid-argon ionization chambers as total-absorption detectors, W. Willis and V. Radeka, Nuclear Instruments and Methods 120 (1974), no. 2, 221-236.!
2.) The Liquid-argon time projection chamber: a new concept for Neutrino Detector, C. Rubbia, CERN-EP/77-08 (1977)
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LArTPC Principle

9

Collection View
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Induction View

Channel Number
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e• Imaging detector…

our eyes can readily 
see features that are 
quite challenging to 
train a software 
algorithm to do.!

•More on extracting 
physics from these 
images in the next 
lecture.

ArgoNeuT Event



LArTPC History
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LArTPC History
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Neutrino interaction in ICARUS 
~30 years after Rubbia’s paper.
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LArTPC History



LArTPC Development
• Since those pioneering ideas, activities in Europe resulted in the ~600 ton 

ICARUS detector which operated in the CNGS beam from CERN.!

• In last ~10 years there has been renewed and significant activity in the U.S. 
to develop LArTPCs for use in long-baseline oscillation experiments.
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MS and Alessandro Curioni @ 
Yale in Fleming lab, April 2007

TPC

TPC parameters: 
volume 15 l inside the field 

cage (within ~250 l ultra-pure 

liquid Ar)

50 wires collection

50 wires induction

5 mm wire pitch

17 cm drift region

drift field ~100V/cm

Personal LArTPC History



LAr Worldwide
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US!
Materials Test Stand!

ArgoNeuT!
Liquid Argon Purity Demonstrator!

MicroBooNE!
LBNE!

1 kTon LArTPC!
Test-Beam @ FNAL (LArIAT)!

Test-Beam @ Los Alamos (CAPTAIN)!
GLADE!
RADAR!

LAr1-ND

Europe!
3-ton prototype!
50-liter @ CERN!

10m3!
ICARUS!

LArTPC in B-Field!
LANDD @ CERN!
ArgonTube @ Bern!

UV Laser!
GLACIER/LAGUNA!

Double-LAr @ CERN-PS!
LAr LEM-TPC!

CERN 6m3 (WA105)!

Japan!
Test-Beam (T32) at J-PARC!

100 kTon @ Okinoshima island!
!

*LAr also pursued for Dark Matter: DarkSide, ArDM, DEAP/CLEAN, WARP, Depleted Argon, ...  

Completed/Ongoing/Potential/Proposed/Suggested LAr Projects, 
separated by location of the detectors.

This isn’t even a complete list!



LAr Worldwide
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Figure 4. Left: Picture of the TPC with the 125 field shaping rings. Right: View inside the TPC with the
mounted Greinacher/Cockroft-Walton circuit visible on the side.

maximal electric field is still much lower than the breakdown strength of liquid argon, expected
to be 1.1-1.4 MV/cm [19]. The optimal pitch for placing the field-shaping rings is 4 cm, with a
space between the rings of 5 mm. This results in 125 rings mounted in a column to build the field
cage, each of them having an outer diameter of 40 cm. With the cathode plate at a design voltage
of 500 kV the potential difference between two rings is 4 kV, providing the design drift field of
1 kV/cm. In Figure 3 also the resulting electric field strength and the electric field lines in the TPC
are shown. The field variations in the middle of TPC are smaller than 0.1% and at 150 mm distance
from the center the field variations are less than 0.5%, which is well within the surface readout of
20⇥20 cm2.

The Greinacher high voltage circuit presented in Section 2.3 is placed inside the field cage in
order to minimize the electric field at the surface of its small structures with radius less than one
millimeter. Inside the TPC the drift-field is only slightly disturbed by the Greinacher circuit.

In Figure 4 the assembled TPC is shown with 125 field-shaping rings.
These are made of solid aluminum, polished and gold plated to obtain a very clean and inert

surface. The total weight of the field cage with the wire planes is about 250 kg. The supporting
structure holding the field cage is made out of PAI (Polyamidimid + Ti02 + PTFE), which keeps
its mechanical strength from -200 �C to +250 �C, allowing for operation in liquid argon. Other
characteristics of PAI are its extremely low thermal expansion for a plastic (30⇥10�6 K�1 at room
temperature), very high electric resistivity (2⇥1015 Wm), very high mechanical stability (tensile
strength of 218 MPa at -196�C), high stiffness, excellent impact resistance and very good radiation

– 5 –

S. Zeller, NygrenFest, 05/02/14 
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•  first and only 
  membrane cryostat  
  built for scientific  
  purposes 

•  view inside of the  
  35 ton prototype 
  before filled with LAr 

•  plumbed into  
  the existing  
  cryogenic &  
  purification 
  infrastructure 
  from LAPD 

designed by a Japanese company (IHI) using 
LNG industry technology & built at FNAL 

LBNE 35 ton Prototype 

• 250L Vessel: 
– Dimension: 70cm ȍ㽢 100cm 250L 250L LArLAr TPCTPC

evacuable, vacuum insulated
– Small thermal inflow ~30W

Wi h b i d 0 13 X–With beam window ~0.13 X0
• 40 㽢 40 㽢 80 cm3 TPC inside

D ift di t 40– Drift distance䠖 40 cm

Anode

Drift
(40 cm)

Anode

(40 cm)

Cathode

PMT

Figure 1. Global view of the experiment.

The cryostat consists of three concentrical stainless steel cylinders: the innermost cylinder
contains the purified LAr with the drift chamber, the second cylinder is a LN2 bath kept at
a pressure of 2.7 bar in order not to freeze out the LAr at about 1 bar, and the outermost
cylinder is for the insulation vacuum.
The chamber has a length (along the B-field direction) of 300mm, a height of 150 mm and a

maximal drift length of 150 mm (horizontal drift field perpendicular to the B-field). The left
side of Fig. 2 shows a CAD drawing into the open chamber, and and the right side is a picture
of the chamber ready to slide into the cryostat. After pumping the LAr cryostat, it was filled
through a purification cartridge containing activated Cu powder to remove impurities, mainly
O2, the LAr was not recirculated anymore through the cartridge after the filling.
The chamber consists of a stainless steel cathode, 27 field shaping electrodes to produce a

Figure 2. Left: CAD drawing of the open TPC. Right: Picture of the TPC ready to slide into
the cryostat.

On top of the field cage two horizontal extraction grids are mounted with a gap of 10 mm in
between. The grid is a 0.15-mm-thick stainless-steel mesh, where square holes with a size 2.85 ⇥
2.85 mm2 are etched at a pitch of 3 mm all over the active area. The lower grid is positioned at
the top face of the field cage. For the double-phase operation mode the LAr surface is adjusted at
the middle of the two grids. The liquid level at each of the four corners can be monitored with a
precision of ⇠0.5 mm with the aid of four capacitive level meters. Ionization electrons produced
by ionizing particles are drifted upwards to the liquid surface. These electrons are extracted across
the liquid-vapor interface into the gas argon (GAr) phase with the aid of a strong extraction field
of typically 3–4 kV/cm between the two grids. They are then collected by the charge readout
system incorporating the Large Electron Multiplier (LEM), which is described in Section 2.1.2.
The bottom face of the field cage is covered by the cathode grid that is a stainless-steel mesh of the
same type as used for the extraction grids. The top (FS0) and the bottom (FS30) field shapers are
electrically coupled to the lower extraction grid and respectively, to the cathode.

The HV for creating the drift field is generated using a built-in 30-stage Greinacher HV mul-
tiplier, which is described in detail in Section 2.3. The circuit is integrated in the design of one
of the side-wall PCBs and the components are mounted directly on the outer surface of the PCB,
as can be seen in Figure 2. As already mentioned the generator itself avoids the use of a voltage
divider, since each multiplying stage provides a characteristic DC voltage. The various multiplying
stages generate a monotonously increasing potential to supply the electrodes surrounding the drift
volume. In our setup, the DC output of each of the 30 Greinacher stages is connected to each field
shaper via a wire through the PCB.

Figure 2. Picture of the LAr LEM-TPC with readout sandwich and drift field cage, which are about to be
inserted into the ArDM vessel. The stack of blue capacitors on the front side wall shows the Greinacher HV
multiplier.

Under the field cage two photomultiplier tubes (PMTs) are installed to detect scintillation
light produced by charged particles crossing the LAr target (primary scintillation, S1), as well as

– 4 –

Far too much activity to cover each of these, so I’ll focus on the general aspects of LArTPCs
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D0 - MicroBooNE construction/D0 Calorimeter

LArTF - MicroBooNE Home
SciBooNE Enclosure - Future LAr1-ND Home

Lab 6 - LArIAT/ArgoNeuT construction

NuMI Tunnel - Former ArgoNeuT Home,        
!               Future CAPTAIN home?

Future ICARUS home?

M-Center - LArIAT Home
PAB - Hub of LArTPC R&D 
PC4 - LAPD/LBNE 35-ton Home
Two Brothers - Try the fish tacos.

r
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Where can I find LArTPC enthusiasts? 
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outdoor “art” at Fermilab?
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outdoor “art” at Fermilab?

A) 15-foot diameter bubble chamber!

B)  Cyclotron magnet!

C)  Mobius strip!

D)  The symbol for “pi”.!

E)  A giant metal bean
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Noble Elements
• The Noble elements are characterized by their inertness, which is a reflection of their completely 

filled valence shells.

• These are compact atoms that hold on to their electrons tightly.

• Their almost nonexistent electron affinity indicates that free electrons in a highly purified noble liquid 
environment will be capable of traveling long distances under the influence of an electric-field.

17

NeonHelium

Argon
Krypton

Xenon
Radon

Refs:!
1.) image from periodtable.com

http://periodtable.com


Noble Liquids

18

Atomic Number 2 10 18 36 54
Boiling Point [K] @ 1atm 4.2 27.1 87.3 120 165

Density [g/cm 0.125 1.2 1.4 2.4 3
Radiation Length [cm] 755.2 24 14 4.9 2.8

dE/dx [MeV/cm] 0.24 1.4 2.1 3 3.8
Scintillation [γ/MeV] 19,000 30,000 40,000 25,000 42,000
Scintillation λ [nm] 80 78 128 150 175

Cost ($/kg) 52 330 5 330 1200

Refs:!
1.) images from periodtable.com

http://periodtable.com
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liquify the noble elements.
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Atomic Number 2 10 18 36 54
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Refs:!
1.) images from periodtable.com

Neon

Helium

Argon Krypton
Xenon

Radon

Very weak interatomic forces 
make it exceedingly difficult to 

liquify the noble elements.

Kind of like making a snowball out of very “powdery” snow.

http://periodtable.com
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A Bit More About Argon



Argon
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Argon
• Most abundant isotope of argon in universe?  Ar36
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“Crab” Nebula (supernova remnant). 
36Ar-Hydrogen molecules observed.
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Argon
• Most abundant isotope of argon in universe?  Ar36

• Most abundant isotope of argon on Earth? Ar40

• Ar40 is primarily produced by decay (electron capture) 
of potassium in Earth’s crust.  This K→Ar mode is the 
basis for K-Ar radiometric dating.

20

“Crab” Nebula (supernova remnant). 
36Ar-Hydrogen molecules observed.
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About how many liters of LAr could we extract from the 
air in this  auditorium?  (Order of magnitude estimate.)   
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Reminders: Argon is 1% of the atmosphere.  LAr is ~850 
denser than room temperature GAr. 1m3=1000 liters.
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A) 0.001 Liters 

B) 100 Liters 

C) 1,000,000 Liters

Reminders: Argon is 1% of the atmosphere.  LAr is ~850 
denser than room temperature GAr. 1m3=1000 liters.



Question #3
About how many liters of LAr could we extract from the 
air in this  auditorium?  (Order of magnitude estimate.)   

21

A) 0.001 Liters 

B) 100 Liters 

C) 1,000,000 Liters

“Argon must not be deemed 
rare. A large hall may easily 
contain a greater weight of it 
than a man can carry.”  
- Lord Rayleigh (co-discover of 
argon, Nobel Lecture,1904)  

Reminders: Argon is 1% of the atmosphere.  LAr is ~850 
denser than room temperature GAr. 1m3=1000 liters.

Room Volume * 1% / 850



LArTPC Principle Revisited
• One of the attractive aspects of this technology is we don’t need to instrument 

the entire volume.  Just drift liberated ionization over to anode plane.  !
• This allows us to scale the detector to very large sizes without the cost of 

electronics becoming prohibitive.!
• The longer the drift length, the higher the demands on LAr purity and high-

voltage capability.

22
S. Zeller, NygrenFest, 05/02/14 

TPCs for Neutrino Physics 
10 

T2K 

concept 

both  
massive 

and  
extremely 

high 
resolution 

•  gaseous TPCs 

   - T2K 
   - hadro-production exps used to 
     constrain ν fluxes (HARP, NA61, MIPP) 

   - spherical TPCs 
      (for very low energy ν physics) 

•  liquid argon TPCs (new generation) 
  (denser so more ν interactions!) 
   - ICARUS 
   - ArgoNeuT, MicroBooNE 
   - future short and long-baseline 
     ν oscillation experiments 



LAr Purity
• Perhaps the most important detector parameter we care about is electron lifetime, which 

is the half-life for electrons in the LAr environment.!

• In 100% pure LAr, the electron lifetime should be almost infinite.!

• Electronegative impurities, such as Oxygen and Water, will attach to electrons before 
they reach anode planes, reducing the recorded signal.  

23

Refs:!
1.) Drift Velocity of Free Electrons in Liquid Argon, W. Walkowiak, NIM A Vol. 449, July 2000, pp 288-294
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LAr Purity
• Achieve desired purity level by passing argon through filters containing 

molecular sieve (to remove water) and copper (to remove oxygen).!
• Detector components must also be chosen to minimize contamination.!
• Continuous recirculation necessary to reach/maintain ultimate purity 

requirements.

24

Terry Tope 4/28/06

Stockroom 160 liter Liquid Argon Dewar
491.2 lb. or 222.8 kg Argon
4750 ft3 or 134,560 liters warm gas
1 ppm O2 by volume = 0.18 g O2 (observed)
1 ppm O2 by weight = 0.22 g O2
10 ppm H2O by molar fraction = 1.0 g H2O (literature,
maximum)

O2 filter with Engelhard Copper Alumina Catalyst CU-0226S
14 x 20 mesh (0.841 to 1.41 mm diameter beads)
Surface area of 200 m2/gram
1.72 Liter volume, 1393 grams of filter material

Filter O2 capacity for FLARE purity requirements is unknown.
Filter dynamic capacity is flow rate dependent.
1.72 liters of atmospheric air contains 0.478 g O2.

H2O adsorption (warm) may be as high as 25% by weight or 348 grams
H2O (Trigon customer experience)
1.72 liters of atmospheric air with a 5 oC dew point contains 0.01 g H2O.

During regeneration 1.125 g H2O is produced for each gram of O2
removed from filter.
Filtering 2Cu(s) + O2(g) -> 2CuO(s)
Regeneration CuO(s) + H2(g) -> Cu(s) + H2O(g)
Filter contains 10% Cu by weight, or 139.3 grams. If all the Cu could be
reacted, 35.0 g O2 would be removed from the Argon.

Relationship between H2O adsorption and O2 capacity is unknown.

Flow rate thru filter was 48.8 volume changes per hour without molecular
sieve and 34.8 volume changes per hour (1.0 LPM) with molecular sieve
At 1 LPM flow velocity in filter is 1.35 ft/min.

Molecular sieve with Sigma-Aldrich 5A material
8 x 12 mesh (1.68 to 2.38 mm diameter beads)
Surface area of ~570 m2/gram
1.72 Liter volume, 1212 grams of filter material
H2O adsorption (warm) may be as high as 21.7% by
weight or 263 grams H2O

Stockroom
160 liter
Liquid Argon
Dewar

Molecular sieve O2 filter

Test
Cryostat

MVE Test Cryostat
178 liter volume, 546.5 lb or 247.9 kg
Cannot fill beyond 145.5 liters, 446.7 lbs. or 202.6 kg
100 ppt O2 by weight in 145.5 liters is 2.026x10-5 g or
0.0153 cm3 gas.

Evacuated to 2 x 10-6 Torr prior to filling. If remaining
gas was all air, then O2 fraction would be 1.30x10-7 g
or 9.84x10-5 cm3. However, remaining gas is mostly
water vapor.

Cryostat surface area = 19,468 cm2

Ratio of volume to surface area = 109 cm2/Liter

A monolayer of oxygen covering the entire cryostat
surface area would contain 5.17x10-4 g of oxygen
which is an equivalent contamination removal of 2.5
ppb. Icarus claims 1/10 of a monolayer can form.

1 Pass Contamination Parameters

Stockroom 160 liter Liquid Argon Dewar Specs
Airgas spec is
< 20 ppm N2
< 5 ppm O2
< 1 ppm total hydrocarbons
-76 deg. F dew point (10 ppm H2O)
Airgas does NOT evacuate dewars before filling. It is possible for a
user to contaminate the dewar and the contamination to be passed on.

Molecular Sieve Oxygen Filter

LArTPC 
Cryostat

Delivered: 1ppm O2 Goal (e.g. for 10 ms lifetime): 
30 ppt O2 

Refs:!
1.) A Regenerable Filter for Liquid Argon Purification, A. Curioni et al, NIM A Vol. 605, July 2009, pp 306-311!
2.) ICARUS takes flight beneath the Gran Sasso, CERN Courier, July 2011

gas space

Pump

Condenser
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H2O (Trigon customer experience)
1.72 liters of atmospheric air with a 5 oC dew point contains 0.01 g H2O.

During regeneration 1.125 g H2O is produced for each gram of O2
removed from filter.
Filtering 2Cu(s) + O2(g) -> 2CuO(s)
Regeneration CuO(s) + H2(g) -> Cu(s) + H2O(g)
Filter contains 10% Cu by weight, or 139.3 grams. If all the Cu could be
reacted, 35.0 g O2 would be removed from the Argon.

Relationship between H2O adsorption and O2 capacity is unknown.

Flow rate thru filter was 48.8 volume changes per hour without molecular
sieve and 34.8 volume changes per hour (1.0 LPM) with molecular sieve
At 1 LPM flow velocity in filter is 1.35 ft/min.

Molecular sieve with Sigma-Aldrich 5A material
8 x 12 mesh (1.68 to 2.38 mm diameter beads)
Surface area of ~570 m2/gram
1.72 Liter volume, 1212 grams of filter material
H2O adsorption (warm) may be as high as 21.7% by
weight or 263 grams H2O

Stockroom
160 liter
Liquid Argon
Dewar

Molecular sieve O2 filter

Test
Cryostat

MVE Test Cryostat
178 liter volume, 546.5 lb or 247.9 kg
Cannot fill beyond 145.5 liters, 446.7 lbs. or 202.6 kg
100 ppt O2 by weight in 145.5 liters is 2.026x10-5 g or
0.0153 cm3 gas.

Evacuated to 2 x 10-6 Torr prior to filling. If remaining
gas was all air, then O2 fraction would be 1.30x10-7 g
or 9.84x10-5 cm3. However, remaining gas is mostly
water vapor.

Cryostat surface area = 19,468 cm2

Ratio of volume to surface area = 109 cm2/Liter

A monolayer of oxygen covering the entire cryostat
surface area would contain 5.17x10-4 g of oxygen
which is an equivalent contamination removal of 2.5
ppb. Icarus claims 1/10 of a monolayer can form.

1 Pass Contamination Parameters

Stockroom 160 liter Liquid Argon Dewar Specs
Airgas spec is
< 20 ppm N2
< 5 ppm O2
< 1 ppm total hydrocarbons
-76 deg. F dew point (10 ppm H2O)
Airgas does NOT evacuate dewars before filling. It is possible for a
user to contaminate the dewar and the contamination to be passed on.

Molecular Sieve Oxygen Filter

LArTPC 
Cryostat

Delivered: 1ppm O2 Goal (e.g. for 10 ms lifetime): 
30 ppt O2 

Refs:!
1.) A Regenerable Filter for Liquid Argon Purification, A. Curioni et al, NIM A Vol. 605, July 2009, pp 306-311!
2.) ICARUS takes flight beneath the Gran Sasso, CERN Courier, July 2011

gas space

Pump

Condenser
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• Drifting charge induces current in wires it is approaching/receding from.  !

• Wireplanes act as “Frisch” grids that shield subsequent planes from drifting charge.!

• Transparency of Induction planes, and opaqueness of Collection plane, is achieved through 
anode geometry and bias voltages applied to wires.

Refs:!
1.) Design of Grid Ionization Chambers, Bunneman, Cranshaw,Harvey, Can. J. Res. 27 (1949) 191!
2.) Design of Large LArTPCs, B. Yu, TIPP 2011
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TPCs
• Single-phase readout (e.g. - wireplanes) or Two-phase readout (e.g. - LEMs) can be 

employed to detect signals.!
• Wires in plane can be spaced closely to increase resolution, but there is a balance between 

too close (smaller signal, more resolution) and too far (bigger signal, less resolution). !
• For long drift, diffusion of ionization will degrade resolution.

26



TPCs
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Refs:!
1.) Dynamical behavior of free electrons in the recombination process in liquid argon, krypton, and xenon , S.Kubota, M.Hishida, M.Suzuki, J.Ruan(Gen), Phys. Rev. B20 (1979), 3486
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• Excellent dielectric properties of noble liquids are ideal for sustaining high 

cathode voltages.  Example: MicroBooNE has a 2.5m drift, so a 500V/cm field 
requires: 125,000V on Cathode.
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• Field-cage of TPC creates uniform drift region.
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TPCs
• Excellent dielectric properties of noble liquids are ideal for sustaining high 

cathode voltages.  Example: MicroBooNE has a 2.5m drift, so a 500V/cm field 
requires: 125,000V on Cathode.

• Field-cage of TPC creates uniform drift region.
• Recombination of electron-ion pairs diminishes signal.  Can compensate by 

increasing field, but this increases demand on cathode voltage.
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Refs:!
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Electronics
• Signals from each wire are sampled/amplified/shaped/digitized for a duration longer than 

the maximum drift time (milliseconds).  This is an eternity compared to usual HEP 
experiments. !

• Small signal sizes demand low-noise electronics.!

• Placing the amplification circuit in the LAr, directly on the TPC, increases S/N performance.

28

2012 JINST 7 C12004

Figure 9. Plot of noise vs. temperature of 12 ASICs, total 192 channels. Noise is ∼1,200e− at 293K, and
∼550e− at 77K with 150pFCd .

Figure 10. Plot of gain uniformity of 12 ASICs, total 192 channels, at 77K with two different gain settings.

on several cold motherboards fully populated with 12 chips. We have accumulated ∼1,000 chip-
immersions in LN2 without any failures due to thermal contraction or expansion.

– 8 –

Refs:!
1.) Readout electronics for the MicroBooNE LAr TPC, with CMOS front end at 89K, H. Chen et al, JINST 7 C12004, 2012

10/16/14 F. Blaszczyk - Intensity Frontier Seminar 32

Current status & Schedule
● Primary, secondary, and tertiary beams have 

been commissioned

● Light readout system tested, cryostat, DAQ, 
power supplies, and control room ready

● Front-end electronics, and wire planes have 
been mounted on the TPC

● Cryostat will be closed soon and moved to the 
MC7 enclosure

● LArIAT phase I should run for 2-3 years

Data taking starts this fall / 
winter 2014!



Light Production
• Prompt light from particles traversing the LArTPC allow determination of the t0 of the 

interaction, as well as complimenting the TPC information during reconstruction.!

• LAr is a very bright scintillator, though its predominant wavelength is deep in the UV (128nm).!

• LAr is transparent to its own scintillation light (128 nm photon not enough energy to re-excite 
another Ar atom).

29



Light Collection
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• Light collection devices (PMT, scintillator bar, SiPM, etc…) immersed in the LAr, which 
puts constraints on their robustness to cold.!

• Argon scintillation light is deep in UV, so need to shift wavelength to regime where device 
has good efficiency.

Refs:!
1.)MicroBooNE, C. Ignarra, DPF 2011 Proceedings

Abosrption/Emission Spectrum of Tetraphenyl butadiene (TPB)

MicroBooNE PMTs behind TPB-coated plates

LArIAT TPC lined with TPB-coated foils



Thinking Outside the Box
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Thinking Outside the Box
• With all the development going into LArTPCs, might we stumble on 

some unexpected uses for this technology?
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Thinking Outside the Box
• With all the development going into LArTPCs, might we stumble on 

some unexpected uses for this technology?

• Argon is certainly the most attractive element for large-scale experiments 
(>1 ton) based on cost.  It is not the only noble liquid we can use for a 
TPC.  Any interest/value to our neutrino-scattering community in a 
“small” TPC full of He, Ne, Kr, or Xe exposed to a neutrino beam?

31

LArTPC U.S. STYLE

Quite a long tradition (C. 

Rubbia at Harvard, W.J. Willis, 

Herb Chen & UC Irvine group 

etc.) which eventually didn’t 

produce a working LArTPC

In the last 3 years a 

vigorous effort has been 

established at Fermilab and 

Yale and has already produced 

important results, e.g. new 

filters for liquid Ar purification 

developed at Fermilab 

Tracks in the LXeGRIT LXeTPC
Tracks in LXeGRIT LXeTPC - Curioni, NuINT07Spinoffs



The Past
• Building neutrino detectors to study neutrino interactions has a rich 

history.!
• Ray Davis’s “argon detector” experiment had, in essence, the opposite 

purity requirements as I’ve discussed…as little argon as possible allowed!

32
times higher than previously expected. This led us to propose the large chlo-
rine experiment. The theory and experimental approach were laid out in
back-to-back papers (Bahcall, 1964; Davis, 1964). The theory provided guid-
ance as to how large a tank to build: the predicted production rate was 4 to 11
37Ar atoms per day in 100,000 gallons (378,000 liters) of perchloroethylene.
Our measurement of the cosmic-ray muon background at Barberton told us
how deeply it needed to be buried.

65

Figure 4. The pieces for one end of the tank are laid out on the floor of the big room. From Sharp
Bits, June 1966.Ray Davis Homestake Experiment

“In order to forecast as accurately as possible the rate of solar neutrino 
capture in the Homestake detector, it was necessary to measure the 
production cross-sections of the neutrino-producing reactions, and derive 
their rates in the interior of the Sun. This great effort was largely carried out 
at the California Institute of Technology under the leadership of William A. 
Fowler (Nobel Prize in Physics, 1983). Many nuclear astrophysicists and 
astronomers contributed to the basic physics that supported this early effort 
in solar neutrino astronomy. Our task at Brookhaven was far simpler and we 
(Don Harmer, Ken Hoffman, and myself) had the fun of building a large 
detector and making it work.” - Ray Davis, Nobel Lecture 2002	




The Future
• Short-Baseline LArTPC experiments to measure a 

variety of cross-sections, and study anomalies.!
• Really big LArTPC detectors deep underground to 

search for CP-violation, proton decay, astrophysics.
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Conclusions
• LArTPCs are powerful detectors for studying 

neutrino interactions.  !

• Worldwide development effort is pushing the 
boundary of where we might go with this 
technology.!

• If you are interested in learning more about any of 
the technical aspects I’ve discussed, you are at the 
right laboratory to find experts to speak with this 
week. 
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