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Introduction
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•Liquid Argon Time Projection Chambers (LArTPCs) continue to be an 
exciting option for future detectors.
➡combines excellent spatial resolution and calorimetry.

•Pioneering LArTPC work done in Italy by ICARUS collaboration.
•U.S. efforts to develop LArTPCs have expanded significantly in recent years.
•Several R&D efforts ongoing...will summarize in this talk.
•Ultimate goal is to build a massive (100 kiloton) detector capable of 
studying neutrino oscillations and searching for nucleon decay.

“The panel recommends support for a vigorous R&D program on liquid argon detectors and
water Cerenkov detectors in any funding scenario considered by the panel.  The panel  
recommends designing the detector in a fashion that allows an evolving capability to measure 
neutrino oscillations and to search for proton decays and supernovae neutrinos.”

Recommendations from the Report of the P5 
Panel to HEPAP, May 29, 2008:
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F igure 4.1: Single vessel design wi t h mul t i-layered insula t ion.

drivers on t he top of t he feed t hroughs. T his will enable loca t ion of t he readout elect ronics close

to t he detector bu t not necessarily right a t t he feed t hrough loca t ion. T he change is par t ially

mot iva ted by being closer to a system t ha t can be ex t rapola ted to a large system.

Significant progress has been made in refining t he design of t he experiment . P rototypes

of preamps have been built , t he readou t chain has been est ablished, and C ryost a t design has

progressed. B y complet ing t his det ailed design work and rela ted tests now, we ant icipa te

reducing t he t ime scheduled for design work in t he fu ture.

In t he following we give a summary of t he main changes to t he design.

4.1 C r yost a t an d C r yogenics

In t he t ime since t he November ’07 PA C meet ing we have carried out a det ailed st udy of t hree

di  erent cryost a t designs to determine which approach would minimize const ruct ion costs while

Liquid Argon in the U.S.
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View of the T962 cryostat installed upstream of the MINOS near detector at FNAL
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Materials Test System at Fermilab
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•A massive LArTPC will necessarily have large amounts of detector material, so 
controlling argon purity is vital.
•MTS is used to study the impact of different materials on argon purity.
•This facility also has a TPC test system for electronics.
•Fermilab group has designed new regenerable filters.



Materials Test System at Fermilab
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BNL 4-ch Amp ArgoNeuT Bias Board Cables/Cable-Tie Bundle

Measurements with the 
Materials Test System



Electronics Test System 
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•TPC and cryostat for electronics development
•Cylindrical TPC:
‣96 channels over 3 planes
‣50 cm drift
‣24 cm diameter

•Electronics designed and built at Michigan State University.
•Signal/Noise performance very good.

Bo TPC being installed at FermilabGDML Rendering of Bo, for use in 
GEANT4 Simulation

Induction 
Plane

Collection 
Plane



ArgoNeuT
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•ArgoNeuT is a ~175 liter LArTPC (jointly funded by NSF/DOE)
➡Collaborating Institutions: L’Aquila, Fermilab, Gran Sasso, Michigan State, UT Austin,  Yale

•Will sit in front of MINOS near detector in NuMI beamline. Use MINOS as a range stack.
•Goals:
‣Gain experience building/running LArTPCs.
‣Accumulate a sample of 10000’s neutrino events.
‣Confront many aspects of underground running and safety.
‣Develop simulation of LArTPCs and compare with data.
‣Measure CCQE cross-section

NuMI Beam NuMI TunnelArgoNeuT

MINOS
 Near Detector



ArgoNeuT: TPC
• 175 liter active volume, 480 channels of signal.

• Collection, Induction2, Induction1 planes. Induction1 plane not read out. 

• 4mm wire pitch, 4mm plane spacing.

• 500V/cm electric field.

• Max. drift of ~50cm.

• Bias voltage distribution boards located directly on TPC.

• 0.15mm diameter BeCu wire.  Cu-clad G10 used for field cage.

8

Wire Orientations TPC About to Enter Cryostat

±60o wires



ArgoNeuT Electronics
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• Electronics for ArgoNeuT (480 channels)
– Bias voltage distribution & blocking on the TPC
– FET preamplifier similar to D0/ICARUS front-end
– Wide bandwidth filtering (10 - 200 kHz, now)

• Full information on most hits/tracks
• Employ DSP to extract hit/track parameters

– ADF2 card, sample at 5 MHz, 2048 samples/channel
– Minimize noise sources

• Double shielding of feed-through and preamplifiers
• Remote ducted cooling 
• Extensive DC power filtering

 
Custom power supply

 

Bias Voltage
R & C

 

Preamp &
 filters

 

RF shielding & 
preamp cooling  

ADF2



ArgoNeuT: Commissioning
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•ArgoNeuT is just ending its commissioning run (~4 weeks above ground)
•We have collected many cosmic-ray events using a simple coincidence trigger.
•System has been very stable during this run!
•Plan to fix/upgrade a few items and begin move underground.

S1
S2

S3
SA

θ ~ 10 deg

Cosmic Trigger for Commissioning

Collection View of 1st 
ArgoNeuT event 

Event Type # in 180 days (1.4×1019 PO)
νµ CC 28800
νµ CC 2520
νe CC 540
NC 9720

Induction View of Cosmic muon event 

Wire #

Time

Wire #

Time



MicroBooNE
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•MicroBooNE is a proposed Liquid Argon Time Projection Chamber (LArTPC) detector to run in 
the on-axis Booster and off-axis NuMI beam on the surface at Fermilab.
•Combines timely physics with hardware R&D necessary for the evolution of LArTPCs.
‣Cold Electronics
‣Long Drift
‣MiniBooNE excess
‣Low-Energy Cross-Sections
‣etc...

Stage 1 approval from 
Fermilab directorate in June! 
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12m

2.6m

2.5m

➡Joint NSF/DOE Project
➡NSF MRI for TPC and PMT systems



MIPs
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MicroBooNE: Physics Goals
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•Address the MiniBooNE low energy excess
•Utilize electron/gamma tag (using dE/dX information).
•Low Energy Cross-Section Measurements (NC πo, Δ→Nγ ,Kaon production, Photonuclear, ...)
•Use small (~500) sample of Kaons to study proton-decay sensitivity.
•Develop automated reconstruction.

Discrimination via dE/dX

MiniBooNE Result Excess

200-300MeV:  45.2±26.0 events
300-475MeV:  83.7±24.5 events

MicroBooNE will have 5σ significance 
for electrons, 3.3σ for photons 



MicroBooNE: Location
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•MicroBooNE will sit on surface in on-axis Booster beam, and off-axis (LE) NuMI beam.

28

NuMI
BNB

Minos Near Hall

MiniBooNE Hall

Possible

site for 

MicroBooNE

Figure 3.1: Schematic of the location of the MicroBooNE detector on site. MicroBooNE

will be located right next to MiniBooNE, exposed to the on-axis BNB and an off-axis

component of the NuMI beam.
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Figure 3.2: The contributions from pion and kaon production to the total predicted  µ

flux in the MiniBooNE experiment. [1]

By 2010, this first horn, which is stored in the Target Service Building, will be cool

enough that this target could be salvaged. The plan is to salvage the target for the

second horn, prior to storing the horn when it needs to be replaced.

This proposal makes use of the GEANT-based Monte Carlo flux as well as the flux

errors provided by the MiniBooNE Collaboration [33]. The flavor, energy and angle of

neutrinos at the MiniBooNE detector site are simulated. The BNB neutrino beam is

dominated by  µ from π + decays up to 2.2 GeV. Beyond this, the neutrinos from K +

decay are the majority contribution. Fig. 3.2 shows the contributions of pion and kaon

decays to the  µ flux in the MiniBooNE experiment, which uses an 8 GeV primary proton

beam. The spikes at low energy in the K-produced fluxes are due to decays of stopped

kaons in the beam dump. The average  µ flux energy is about 700 MeV.

Electron neutrinos are produced in the beam through through the π → µ→  e decay

chain and K → π  ee (“Ke3”) decay. The  e energy distribution is well constrained by

measurements of related  µ events in the MiniBooNE detector.

23

h

Figure 2.10: LE (black) and ME (red) beam tunes for the NOA beam at the MicroBooNE

detector.

K2K has recently published a paper using neutrino induced events in the K2K near detector

to understand backgrounds to proton decay searches, p → eπ0, in the SuperK detector [27].

This was attempted in MiniBooNE for the proton decay mode p→ νk, although MiniBooNE’s

detection efficiency for kaons made the measurement too difficult. While efficiency in the

SciBooNE detector is significantly better, the number of events expected in SciBooNE is too

small.

These and other studies show searches in Water Cerenkov (WC) and LArTPC detectors

for proton decay mode p→ eπ0 are limited by nuclear absorption of the pion to an efficiency of

45%. By contrast, the efficiency for measurement of proton decay mode p→ νk in LArTPCs is

estimated to be 97%. The efficiency for this decay mode in WC is 14% because the k’s produced

are primarily below Cerenkov threshold.

Theory gives no preference to one decay mode over another, hence, LArTPCs add a crucial

measurement to this search. While this is very promising, to best estimate LArTPCs sensitivity

to this decay mode, actual particle interactions in LArTPCs should be used to measure efficien-

cies and backgrounds, like in the case of the recent K2K work referenced above. The copious

number of neutrino-induced interactions in MicroBooNE provide a nice sample of “signal” k’s

BNB NuMI
Total Events 100k 60k

νμ CCQE 39k 21k
NC πo 8k 7k

νe CCQE 250 1.7k
POT/year 6x1020 4x1020

Booster Flux

NuMI Flux

Expected Event Rates for 2-3 year run.



35

F igure 4.1: Single vessel design wi t h mul t i-layered insula t ion.

drivers on t he top of t he feed t hroughs. T his will enable loca t ion of t he readout elect ronics close

to t he detector bu t not necessarily right a t t he feed t hrough loca t ion. T he change is par t ially

mot iva ted by being closer to a system t ha t can be ex t rapola ted to a large system.

Significant progress has been made in refining t he design of t he experiment . P rototypes

of preamps have been built , t he readou t chain has been est ablished, and C ryost a t design has

progressed. B y complet ing t his det ailed design work and rela ted tests now, we ant icipa te

reducing t he t ime scheduled for design work in t he fu ture.

In t he following we give a summary of t he main changes to t he design.

4.1 C r yost a t an d C r yogenics

In t he t ime since t he November ’07 PA C meet ing we have carried out a det ailed st udy of t hree

di  erent cryost a t designs to determine which approach would minimize const ruct ion costs while

MicroBooNE: Design
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•Cryostat (170 tons LAr) as large as can be commercially built offsite and delivered over the roads.
•Evacuable vessel with foam insulation.
•To sit on surface in on-axis Booster beam, off-axis NuMI beam. 
•TPC parameters
‣70 ton fiducial volume
‣~2.5m drift (500V/cm)
‣3 readout planes (±60o Induction, vertical Collection)
‣10000 channels (using Cold Preamplifiers)

•30 PMTs for triggering
•Purification/Recirculation system.

12m

2.6m

2.5m
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Figure 4.2: Cross Section of the Detector showing a typical warm feedthrough penetrating the

Foam insulating layers.

condensing heat exchangers in the gas bu  er volume. The design and use of warm feedthroughs

in this application is 100% transferable for use in very large kiloton detectors.

To avoid the high electric field in the gas volume above the liquid level near the HV side of

the detector, a grounded conductor plane slightly below the gas-liquid interface is added. This

plane will contain the electric field from the drift electrodes and minimize the electric field in

the gas phase. Figure 4.3 shows the distribution of the field strength in the top half of the TPC

cryostat, with an ullage of about 8%.

We have developed a technique for terminating the wires. The wires will be terminated by

wrapping around brass rings with grooves, very similar to the ICARUS design. This solution

39

Figure 4.3: Electric Field Map at the liquid-gas interface and additional ground plane to limit

the electric field in the gas.

prevents “creeping issues” observed during wire termination tests, when crimped terminations

are not steadfast. The brass rings are about 3mm OD, 1.5mm thick. These rings with wire

attached will be captured by the cavities in the wire holder. Tests have shown that such wire

termination can withstand wire tension up to 3kg, using 150µm SS304V wire. Figure 4.4 shows

a photograph of the new termination scheme.

We are in the process of designing and building a winding machine to study and optimize

the wire termination procedure. Figure 4.5 depicts a sketch of the mechanical fixture that will

hold the brass ring in place allowing the wire to be wrapped around it.

Mechanical studies of wire samples at room and LN2 temperature were conducted. The baseline

design specifies wires to be gold plated SS304 150µm diameter. Manufacturing and plating are

two separate processes with potential cost impact. Alternatively a CuBe (OD = 150µm) wire

has been considered to achieve comparable DC resistances with less impact on cost. Figure 4.6

summarizes the main conclusions from several mechanical measurements. Ultimately the deci-

PreAmps in cold gas



MicroBooNE: Hardware R&D
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•Phase 1: Initial design relevant to MicroBooNE detector (previous slide).
•Phase 2: R&D for next generation LArTPCs 
‣Cold Electronics: Next slide.
‣Purity Test:  Purge vessel with argon gas, then fill with liquid, to see if high-purity liquid can be 
achieved without initial evacuation.  Very massive LArTPCs will most likely not be evacuable, so 
purging will be necessary.
‣Long drift (2.5m): though not as long in massive LArTPCs, will test purity and reconstruction 
schemes.

•Real data essential to understanding hardware performance!
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MicroBooNE: Cold Electronics
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•Preamps will be placed inside of cryostat.
•Necessary step along the path to large detectors where signals must make long transits.
•Many future Hardware questions can be answered by MicroBooNE.
‣JFET/CMOS performance (~4 year development required for CMOS).
‣Maintaining purity with electronics inside tank.
‣Heat load due to power output of electronics in tank.
‣Multiplexing signals.
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Figure 4.8: First discrete quad-channel pre-amplifier prototype for MicroBooNE.

Figure 4.9: Wire-holder, pre-amplifier hybrids and motherboards. 3D model of the overall

assembly.

Quad-channel Pre-Amp prototype

Readout Chain

!"#$%&'()*%%+,"-./0"$)
•! 12#-34)*5)

•! 6#78%$)9-.3),"%):.8+&%8%:,-.;<:$)<;),"%)=>-),.)
#)?#-3)@#;0%)"./$<;0)A<;):#--<%-$)

•! B%C<$%+)>,8#$)+%$<0;()A<;):#--<%-)-.?$)?%8+%+)
.;)6.;@#,D)@#;0%))

•! E#;/9F)#;+)?%8+<;0)A-.:%$$)C#8<+#G.;)9.-)
>,8#$).;)A<;):#--<%-$()
–! HA%:<3%;,)7.8,%+),.)#;.,"%-)@#;0%)?F),/7%)

?%8+%+)9.-)@/<+)#::%$$)

–! IJ+-.$,#G:#88J)A-%$$/-<K%+)/A),.)LMFN)7#-$)OMP)
3<;/,%$Q)

–! !<;):#--<%-)8%#R):"%:R)<;)C#://3)#,)MP&L),.--)

–! S%#R)B#,%)TM%&U))$,+F)::V$%:)I%DM)7#-)+<W%-%;:%)

•! HA%:<#8)?%8+<;0)A-.:%+/-%)+%C%8.A%+)9.-)
>,8#$F)
–! H%:G.;)#X%-)?%8+<;0)9.-)3<:-.0-#A"<:)<;$A%:G.;)

•! !-.+/:G.;),%$,$(),"%-3#8):J:8%$)#;+)C#://3)
8%#R),%$,)7%9.-%V#X%-)?%8+<;0).;)@#;0%)

•! 6#--<%-$)3#+%).9)>'H')YPZS)HH)

•! HA%:<#8)=8#$$)#$)$%#8#;,)<;$/8#,.-)

•! H.X)3%,#8)A<;$),.)3#,:")65[).9),"%)08#$$)

•! !<;$)3./;,%+).;)\<0)?"<8%)08#$$)A./-<;0)
A-.:%$$)O=8#$$%#8)]^))

•! !<;)#;+)?%88$)A8#,%+)

•! LP/<;)>/).C%-)LP)<;)_<)

•! ';$/8#G.;)B%$<$,#;:%()`=a"3)
ODLPPbc6Q)

•! c<%8%:,-<:)2<,"$,#;+()dPPb>6)BEH)dPIK)

M`)dVYV`PPe) *F)S#;;<)&)E<:-.f.._[)

ATLAS style feedthrough

JFET (T=120 K)/pMOS (T=90K) 
have similar S/N performace

31

temperature. The noise levels degrade by about 30% at LAr temperature (87K) using this tech-

nology. For the steps beyond MicroBooNE where geometry dictates the need for pre-amplifiers

in LAr, a newer technology is being explored within the phase 2 R&D program.

Specifically, large scale integration, mixed analog/digital functionality design, motivates the

use of CMOS technologies. CMOS devices, the main staple of modern integrated electronics, are

capable of cryogenic operations. Preliminary tests conducted at BNL on a commercially avail-

able CMOS process cooling devices down to LHe temperature [38] shows that both NMOS and

PMOS devices were working at 77K, and subsequent failures approaching 4K were attributable

to excessive thermal stresses which caused rupture of metal lines.

MOS devices still have a much larger 1/f noise than JFETs, but, thanks to modern process

technology, they have a larger gm when operated at comparable currents. NMOS devices have

too much 1/f noise for the shaping time used in LArTPC detectors, but PMOS devices look

attractive for readout of large capacitance detectors at LAr temperature.

For example a large PMOS in a quarter-micron CMOS process with W=60mm at a current

of 10mA, is simulated to show a low en=0.25nV/Sqrt(Hz) and a capacitance CISS= 116pF, and

a still acceptable 1/f noise, based on noise data measured at room temperature.

Figure 3.1: Comparison of ENC(noise-to-signal ratio) for JFET devices in different conditions

and for PMOS monolithically integrated transistors.



Massive Detectors
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•Ultimate goal of all this R&D is to build a large detector, preferably someplace very deep (e.g. - 
Homestake Mine in South Dakota, Soudan Mine in Minnesota).
•Proposed Project X at Fermilab could send intense neutrino beam to this far-site location.
•Working groups already forming in U.S. to explore possibility of massive detector at DUSEL.

“The panel recommends proceeding now with an R&D program to design a multi-
megawatt proton source at Fermilab and a neutrino beamline to DUSEL and recommends 
carrying out R&D in the technology for a large detector at DUSEL.”

Recommendations from the Report of the P5 Panel 

to HEPAP, May 29, 2008:

Layout of Mine in South Dakota



Massive Detector: Project X
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•Tremendous sensitivity with large LArTPC and intense neutrino beam.
•Scenarios assume 3 years neutrino + 3 years antineutrino
•LArTPC Curves Assume:

•80% signal efficiency and 80% beam νe selection efficiency
•no NC π0 background and 5% systematic on background.



Massive Detectors: DUSEL
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 Some of the considerations and studies that are needed are:
‣Depth? 300 ft. , 4850 ft., or in between?

‣Proton Lifetime & Supernova Neutrinos : Can they be done at 300 feet? (Backgrounds?)
‣Cost differential for different depths: Excavation cost, assembly cost differential , Safety issues, ....

Example of cavern arrangement
 and liquid supply pathsCavern/Cryostat designs are coupled



Conclusions
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•Much activity in U.S. to develop LArTPC technology.
•Materials Test Stand is an excellent resource for approving materials 
for use in future experiments.
•ArgoNeuT is current step for LArTPCs in U.S.; will collect 10000’s of 
events!
•MicroBooNE is next major effort in U.S., and it will teach us many 
things we need to understand before attempting to build a massive 
detector that can be used to study neutrino oscillations and nucleon 
decay.
•Idea to build massive LArTPC detectors already generating lots of 
interest in the U.S.
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Back-Up Slides



Noble Liquids: Properties  

Water

Boiling Point [K] @ 
1atm 373 4.2 27.1 87.3 120.0 165.0

Density [g/cm3] 1 0.125 1.2 1.4 2.4 3.0

Radiation Length [cm] 36.1 755.2 24.0 14.0 4.9 2.8

Scintillation [γ/MeV] - 19,000 30,000 40,000 25,000 42,000

dE/dx [MeV/cm] 1.9 1.4 2.1 3.0 3.8

Scintillation λ [nm] 80 78 128 150 175

•Ionization and scintillation light used for detection (transparency to own scintillation).
•Ionization electrons can be drifted over long distances in these liquids.
•Very good dielectric properties allow high-voltages in detector.
•Argon is cheap and easy to obtain (1% of atmosphere).
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http://en.wikipedia.org/wiki/Image:HeTube.jpg
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