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• Motivation to have a liquid argon detector (LArTPC):

• physics;

• R&D challenges;

• MicroBooNE:

• physics goal;

• detector overview;

• location and neutrino beam;

• Argon: physical - optical properties;

• cryogenics;

• electronics and readout;

• simulation;

• ArgoNeuT

• Future of LArTPC - Dusel

Outline
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Why LAr TPC detectors

Unique detectors, true

“electronic” bubble-

chambers.

High precision

measurements

combined in one

technology :

• Tracking and Imaging
(voxel size limited by diffusion)

• Precision Calorimetry

• Particle Identification
(dE/dx meas. on the collection

wire plane)
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Why LAr TPC detectors (cont’d)
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Why LAr TPC detectors (cont’d)
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Why LAr TPC detectors (cont’d)

•

•

K)

•
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R&D challenges

Key issue is feasibility of scaling in size
• reaching the fundamental limits in terms of the signal-to-noise

• technological limits in terms of the readout complexity and cost

Indeed many technical challenges (several are entangled …)

Cryogenic Vessels:

• Design, material, insulation, non-evacuable

Underground Detector Integration:

• Safety, installation, cryogenics service location, costing…

LAr Purification:

• Purification techniques for large, non-evacuable vessels, materials

• Purity of LAr in full scale detectors/Max. drift achievable

Readout:

• TPC configuration

• Electronics



C. Mariani - Columbia University - MicroBooNE @ INFO09 8

MicroBooNE: collaboration
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MicroBooNE: detector overview

• Cryostat (170 Tons LAr) as a large

as can be built commercially and

trucked to site;

• TPC parameters:

• 70 Ton fiducial volume (depends

on analysis definition)

• 2.6 m drift @ 500V/cm  1.6ms

drift time

• ~10.000 channels (using cold

preamplifier)

• 3 Readout planes (±60°

Induction, vertical Collection

planes)

• ~30 PMT for triggering;

• Purification/Recirculation system

Electronics is now been moved in the

MiniBooNE hall
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MicroBooNE: location

Off-axis NUMI
• 110 mrad off NUMI target

• 4x1020 POT/year
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MicroBooNE: beam

On-axis BNB

8 GeV protons on Be target
Focusing horn: +, K+

Decay channel 50mt

450mt dirt

2-3x1020 POT/year

3-2 years running (6x1020

POT)
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MicroBooNE: physics goal

ICARUS 50 l: 0 in

CERN  beam
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MicroBooNE: physics goal (cont’d)
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MicroBooNE: cross-section and Ma

Improve the Q2 resolution (Q2=2MEvis):

plan is to have an energy threshold of Evis=10

MeV, this means a Q2
min~0.02, that can be

reached only if we have a very good capability to

study n/p separation vs. energy
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MicroBooNE: exotic physics



C. Mariani - Columbia University - MicroBooNE @ INFO09 16

MicroBooNE: NC elastic events
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MicroBooNE: Liquid Argon

• Ionization and scintillation light can be used for detection. Ionization electrons

can drift over long distances in these liquids;

• Excellent dielectric properties allow these liquids to accommodate very high

voltages;

• Argon is relatively cheap and easy to obtain (1% of atmosphere).
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MicroBooNE: Ar - optical properties
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MicroBooNE: cryogenics
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MicroBooNE: Readout Electronics

Cold Preamp. MotherboardJFET discrete preamplifier

Quad Cold Preamplifier

• Preamps within the cryogenics. Why? Because it reduces wire

lengths between wires and preamps, thus reducing noise. Also

in the cold the noise is smaller;

• Transition to the outside: line drivers on the cryostat, within a

Faraday cage;

• 20m of cables and then Shapers near MiniBooNE electronics;

• ADC’s

• Readout and DAQ.
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MicroBooNE: Cryo. Electronics setup
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MicroBooNE: collecting light
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MicroBooNE: DAQ and readout
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MicroBooNE: DAQ and readout (cont’d)
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MicroBooNE: DAQ and readout (cont’d)

TPC

PMT

Supernova

Compression,

  decimation

Beam events

Compression

PMT trigger?

PMT trigger

Generation

          PC
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 Data storage

          PC
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 Data storage

          PC
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 Data storage

Trigger
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MicroBooNE: Material Purity Test@FNAL

System to study the impact of

materials on purity and

effectiveness of different

purification techniques

• Readout components tested…
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MicroBooNE: TPC
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MicroBooNE: TPC
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MicroBooNE: wire planes
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vd.EW changes sign as ionization

drifts passed U: pulse changes sign

Continues positive until charge

collected at Y
  20            40           60            80 μsec

MicroBooNE: wire planes - U

Long negative pulse seen on U until

charge drifts passed U:
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MicroBooNE: wire planes - V

Not much charge seen on V until

charge drifts passed U.

Negative pulse while the charge drifts

between U and V

Positive pulse while ionization drifts

between V and Y
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MicroBooNE: wire planes - Y

 

Y wire

Induced pulse:

 starts when ionization crosses U plane,

increases when it crosses V

Goes positive when

ionization reaches nearby wires

Collection pulse:

Large and negative.

Result:

sum of two components
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MicroBooNE: simulation
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MicroBooNE now: ArgoNeuT
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MicroBooNE now: ArgoNeuT
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MicroBooNE now: ArgoNeuT
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R&D Roadmap in the U.S.
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Challenges for a large detector
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Outlook
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Backup Slides
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MicroBooNE: Cryogenic Front-End

Technology mature and available as

of today

• Reliability issues requires a careful

choice of component and high-

reliability assembly

• Ceramic hybrid with co-fired traces

and surface mount components

properly tested

Several years of experience

Helios-NA34:

• 576 preamplifiers

• Operations: 4 years, multiple cool-

downs

• Failure: 1

NA48:

• Preamplifiers in LAr: 13,000

• Operated at very high voltage

• Failures: ~50 because of a HV

accident in 1998. Negligible failures

after that

• Always kept at cryogenic

temperature

Late 80’s

2008-2009
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MicroBooNE: Detector Optimization

For example diffusion

constants in LAr have great

impact on the performance

of the detector, and need to

be measured soon (both

tranv. and long.):

• TPC parameters, such as

wire pitch, wire plane

spacing, and maximum

drift length

• Electronics parameters,

such as dynamic range,

shaping time, sampling

frequency, bandwidth
The effective rms spread in time is
determined by T*tan  at large track angles
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Effects of diffusion in LAr


