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Liquid Argon TPC detectors for neutrino
physics and nucleon decay

Unique Detectors
⇒  precision measurements in neutrino physics
⇒  appear scalable to large volumes

●Neutrino oscillation physics:  significantly more sensitive than WC detectors. 
 (translates into smaller volumes for same physics reach) (Mark Dierckxsens)

νe appearance is difficult.  Need powerful LAr detectors.....
●Proton decay searches (Ed Kearns)

● sensitive to p→ ν k
● Extend sensitivity beyond SK limits with detectors larger than 5kton 

●Supernova and solar neutrinos (Josh Klein)

Why consider Liquid Argon TPCs.....

Detector sensitivity and simulation...
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●3 Independent studies show νe eff:  80-90%
●excellent pi0 rejection
●significant work to do but drive to do so is here

Kirk McDonald



How do these sensitvities translate into physics reach?













Challenges for large detectors...

●Seeing that they work!  (Continous operation of a 
detector for a year)
●Low Noise Electronics and signal multiplexing
●Light detection for Triggering
●Purification Issues: large, industrial vessels
●Physics Development: Interactions on argon, 
simulation, reconstruction, data reduction
●TPC design:  Wire plane structure
●Vessel Design: materials, insulation, feedthroughs
●Vessel location and Installation
●Underground construction, operation, and safety

Need a staged program for LArTPC detectors
● address R&D questions at the relevant scale
● Move from R&D to physics goals
● Appropriate steps in size and cost



                      
proton decay

Evolution of the Liquid Argon Physics Program
in the US



 Possible designs for massive detectors:

LArTPC: Modularized drift regions
in one large (10-50kton) tank

(un-evacuated)

GLACIER: Combination of charge and 
light collection, single large drift area

LAANDD:
single module

cubic
evacuated vessel



Modularized Option

M x N = 100 

M kT

N detectors

100 > M > 5

1 < N < 20

Optimize M & N
against cost, schedule, 
technical feasibility, 
and safety 



Similar evolution in European program

Test 
Stands

Seeing
neutrino 

Interactions

Towards
massive 
detectors
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SLICE:
slice of MODULAr

●600 ton LArTPC
●low energy ν interactions
●prototype for MODULAr

similar program 
to MicroBooNE

T600: data in '08
~2000 evts/yr, 17 GeV CNGS

beam



Evolution of the Liquid Argon Physics Program

Data : 2011

Data : ~2015-2016

Data 20??

Spring 2008

Program underway



TPC at Yale

R&D Test stands
-developing electronics components
-developing filtering techniques

-Testing materials in Argon
-Gaseous argon purge for purification

-developing Light Collection techniques
-technology transfer

Good as “bench top” tests, but 
there are scale limitations....

Materials Test Stand
Electronics Test Stand

at Fermilab

First tracks in US, April 2007

5m long drift
test



R&D
Bo Electronics 

Test Stand

Warm electronics developed
at MSU/FNAL

First tracks seen in early August



Cold Readout Electronics development at BNL

●To maximize S/N and have 
flexibility in detector 

geometry
●Factor of at least 3 better 
than at room temperature

●Develop Readout architecture → multiplexing at cryogenic 
temperatures to handle ~million channels of very large detectors

Combine what is learned with JFET hybrids in GAr in MicroBooNE (very 
similar S/N to CMOS)  with development of CMOS technology in LAr



   ArgoNeuT (2008)R&D Physics

●See neutrino interactions (~150 evts/day)
●Long term running conditions
●Underground issues

0.3 ton active volume
0.5 x 0.5 x 1.0 m3 TPC; 500 channels

Located in NuMI near hall using MINOS near 
detector as a muon catcher

Joint NSF/DOE project

ArgoNeuT fill with LAr for first 
time on August 4th.  First cosmic 

tracks seen on August 9th!



   ArgoNeuT (2008)R&D Physics

●See neutrino interactions (~150 evts/day)
●Long term running conditions
●Underground issues

0.3 ton active volume
0.5 x 0.5 x 1.0 m3 TPC; 500 channels

Located in NuMI near hall using MINOS near 
detector as a muon catcher

Joint NSF/DOE project

Crossing muon track



●Low energy neutrino 
interactions

● Resolve MiniBooNE low 
energy excess

● Measure neutrino cross 
sections 

● Measure kinematics for PD 
signals Collect:

● BNB: 100K ν events
● NuMI: 60K ν events

●Purity in a non-evacuated vessel
●Full systems test of low noise electronics
●Light Detection: data reduction, triggering
●Physics Development

● See fully contained n interactions
● Simulation, reconstruction, analysis
● Study surface running issues (cosmics)

●TPC and Vessel Design
●Value engineering

MicroBooNE:  Full scale experiment
physics results with a LArTPC detectorR&D Physics

Received Stage 1 
Approval in June

In design/prototyping 
stage

DOE/NSF project
(NSF MRI this year)



DUSEL Baseline detector plan:
5+(25) ktons

First step is 5 kton
●good step in scale, cost, and physics

Next step is ~25ktons although design would be
driven by what we learn in the next few steps:
(ie: can we live without evacuatable vessels..)

Steps beyond this in ~30kton modules:  Significant
physics gain as you add more modules



Physics reach of 5ktons

N. Saoulidou





5kton
LAAND 
Modular
Concept 
(D. Cline,

F. Sergiampietri)

Microboone
like concept:
modularized
detectors 

5kton + larger modules in various possible configurations..



Initial Concepts for Cryogenics Underground



Experience from
LNGS industry on
bulk transport and 

storage

Mont-Blanc Safety upgrade

Refuge Shelter
with fresh air

Ventilation ducts Smoke extraction

General underground siting issues:
LAr loss:  02 content, reduction of temperature

Mitigation:
●Design: Use best cryo-techniques to minimize leaks
●Egress/Shelter:  In cavern and from cavern

●Ventilation:  Dedicated exhaust shaft
●Freeze/thaw damage: placement and insulation



Conclusions

LarTPCs are an exciting “new” technology to 
couple with world class neutrino program 

at DUSEL

Path towards large detectors is underway with 
significant progress recently but much more to do...

Interest in LAr at DUSEL is continuing to grow

Next steps – S4 proposal and development of 
baseline detector plan for CD-1


