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Introduction
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LArIAT: Liquid Argon TPC In A Testbeam

• Time Projection Chamber
• 3D reconstruction of charged particle tracks
• dE/dx along the track
• calorimetry (total charge, scintillation light)

• To check the physics performance of liquid argon TPC
• Liquid argon TPC: 175L (active volume)
• At Fermilab Test Beam Facility
• PID, energy resolution ...
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LArIAT collaboration

• 20 institutions; US, UK, Japan
• 68 collaborators

at the first collaboration meeting July 2014, Fermilab
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Tertiary beam at FNAL Test Beam Facility

Main Injector
120GeV

Tevatron

MCenter

MTest
       

secondary beam
Pion Mode: 8-80 GeV beam

tertiary beam
0.2-2 GeV/c (p, K, π, µ, e)

FNAL Accelerator Complex

TPC
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LArIAT TPC

• Refurbished ArgoNeut TPC
• 550L cryostat (active volume 175L)
• 90cm x 40cm x 47.5cm(drift) 
• 4mm wire spacing
• Typical drift field: 500V/cm
• ~300µs max drift time
• Scintillation light correction
• 2PMTs, 2SiPMs and WLS reflector foils
• Cold readout electronics 
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Motivation

• To check the capability of the LAr TPC detector for neutrino physics
• PID performance
• dE/dx
• Event topology
• π0 vs electron
• muon charge without magnetic field
• energy resolution (EM, hadron)
• hadron interaction
• Charged pion interaction in LAr

• Going to be the first precise charged particle testbeam with LAr TPC
• J-PARC T32: 10mm wire spacing, 1D readout, hadron accident ...

Motivations of charged particle beam test 
• To check the capability of the LAr TPC detector for 

neutrino physics and nucleon decay.  
– Checking PID performance;  

• dE/dx 
• Event topology (MIP like vs shower like) 
• S0 vs electron (using K decay or S�� charge exchange) 

– Checking hadron interaction  
– Checking energy resolution  
    (EM, hadron) 

Kaon  

Pion  

Muon 

MC  
(GEANT4) 

Note; J-PARC K1.1BR beamline was good to extract low  
energy K.  
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Motivation

• Addition to basic performance, such as PID by dE/dx ...
• Charged pions in liquid argon below 500 MeV range (Δ resonance)
• Muon charge without magnetic field
(using magnet with LAr TPC: technically challenging and expensive)

• energy resolution
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Motivation

• Addition to basic performance, such as PID by dE/dx ...
• Charged pions in liquid argon below 500 MeV range (Δ resonance)
• Muon charge without magnetic field
(using magnet with LAr TPC: technically challenging and expensive)

• energy resolution

key: π PID
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Motivation

• Addition to basic performance, such as PID by dE/dx ...
• Charged pions in liquid argon below 500 MeV range (Δ resonance)
• Muon charge without magnetic field
(using magnet with LAr TPC: technically challenging and expensive)

• energy resolution

μ-capture: Sum = 74 %!
μ- decay:                26 %!

key: µ PID, scinti. light

Michel electron and muon charge identification 
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•Use stopped muon sample to quantify:  

•Michel electron tagging efficiency

→μ- ID efficiency, muon charge mis-ID rate

•Michel electron energy resolution

using light information (and other techniques?)

•LArIAT would be first LAr-based detector 
studying this!

200 MeV μ 30 MeV decay e ε=1

decay capture
µ+ 100% 0%
µ- 26% 74% Michel-e from

µ decay  →

by M. Sorel
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Motivation

• Addition to basic performance, such as PID by dE/dx ...
• Charged pions in liquid argon below 500 MeV range (Δ resonance)
• Muon charge without magnetic field
(using magnet with LAr TPC: technically challenging and expensive)

• energy resolution

key: scinti. light
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light collection

100 pe/MeV ~ 1%
factor >2 improvement

by M. Szydagis, UC Davis
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Status ✦ Improvements from last year
•Beam
•place beam components to MCenter
•beam commissioning
•additional Cherenkov counters
•TPC
•anode wire planes
•cold electronics
•SiPMs
•ready to go
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Tertiary beam at FNAL Test Beam Facility

• MCenter is reclaimed, and the beam line is prepared for LArIAT

π

by J. St. John(Cincinnati, LArIAT run coordinator

target & 
collimator

wire chambers

photo from upstream

magnetswire chambers で測るよ
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Tertiary beam at FNAL Test Beam Facility

• beam commissioning finished (in this summar)

by J. Ho

�

by J. St. John
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Scintillation light collecting system

WLS reflector foils
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TPC and cryostat

• ready to start data taking
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TPC and cryostat

• ready to start taking data

photo from downstream

beam

12/17/2014 installed
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Additional detectors - Cherenkov counters

• µ/π separation: stopping particles in the TPC
(for punch-trough particles: muon range stack)

• µ : p< 285 MeV/c
• π: p< 330 MeV/c

Muon study requires fully contained tracks in LAr TPC!
=> Pmax = 285 MeV/c for muons!

(pions are contained up to 330 MeV/c)
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Additional detectors - Cherenkov counters

• By combining two aerogel Cherenkov counters (n=1.11, 1.06), µ/π can be 
identified for p<400MeV/c

1.11 Refraction Index (n)
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n=1.11 n=1.06

220<p<285
µ ○ ×

220<p<285
π × ×

300<p<400
µ ○ ○

300<p<400
π ○ ×

by F. Cavanna
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Recent contributions
• n=1.11 aerogel Cherenkov counter
• We(KEK) take charge of the Cherenkov counter
• The aerogel tiles are now in production by M. Tabata (Chiba univ.)
• will be installed and tested at Fermilab within this fiscal year
• If necessary, we plan to add a Lucite detector to enhance kaon PID capability

• In addition to PID projects,
we contribute to MC production

Event display (preliminary) 
• Very preliminary event displays for a proton and a pion 
• Still need to check the coordination.  (conversions between beam and 

TPC coordinations)   
 

Proton;  0.8GeV/c S+;  0.85GeV/c 

Event display(MC)
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Summary

• LArIAT is going to be the first precise charged particle testbeam with LAr TPC
• basic performance and other various physics outputs
• Status and improvements from last year
• The beam commissioning was finished at Fermilab MCenter
• TPC and cryostat is ready to start taking data in the next month
• Additional features
• Scintillation light collection system
• PID by Cherenkov counters
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