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What is LArIAT?
• LArIAT (Liquid Argon In A Test beam) is a 0.24-ton liquid argon TPC exposed 

to a beam of charged particles at the Fermilab Test Beam Facility (FTBF) 

• LArIAT’s program, including both physics and R&D goals, is ultimately devoted 
to the calibration and precise characterization of the calorimetric response of 
liquid argon TPCs for neutrino experiments (DUNE, Short-Baseline Neutrino 
program)
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LArIAT at the Fermilab Test Beam Facility
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LArIAT beamline at FTBF

• Why put a LArTPC in a beam of charged particles? 

• So that we know exactly what type of particle is 
going into our LArTPC!
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LArIAT beamline: Particle ID with TOF and MWCs
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LArIAT beamline:          discrimination 
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Inside the LArIAT cryostat
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Cold readout electronics give a signal-to-noise ratio of 
~50:1 for Run I (2015) and ~70:1 for Run II (2016)
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R&D in LArIAT
• Calorimetric calibration for particle identification of charged particles such as     
    ,     ,     ,     , and     —particles that emerge from neutrino interactions 

• Distinguish between e– and   –initiated electromagnetic showers 

• Event reconstruction in LArTPC 

• Study relationship between scintillation light yield and ionization charge 
deposition
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• Wavelength-shifting (tetraphenyl butadiene, 
or TPB) reflector foils to shift the 128-nm 
scintillation light into the visible spectrum 

• Provides greater and more uniform light 
yield compared to only coating the PMT 
photocathode with TPB 

• R&D for future neutrino experiments as a 
way to improve calorimetry and triggering
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R&D in Run III
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• Comparison of 5-mm wire spacing (DUNE) and 3-mm wire spacing 
(MicroBooNE, SBND) 

• 5-mm run completed 2.5 weeks ago 

• 3-mm run starting this week 

• Testing of novel light collection device (ARAPUCA) 

• Test of “transparent” mesh cathode for SBND

SensL MicroFC 
60035 SiPM

ARAPUCA
(Argon R&D Advanced Program @ UniCAmp) Mesh cathode in LArIAT

Cathode used in Run I/II
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Physics in LArIAT
• Pion studies 

• Total inclusive pion–Ar cross section 

• Exclusive channels: pion absorption and pion charge exchange 

• Important for neutrino experiments because pions are often produced in 
neutrino interactions, and the pion–nucleus cross section is large 

• Kaon studies for proton decay searches 

• Anti-proton studies for n–n̅ oscillation searches 

• Geant4 validation
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    –Ar cross section measurement from Run I
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⇡�

World’s first     –Ar cross-section measurement (presented at 
Fermilab’s Wine & Cheese seminar on 8 April 2016).

⇡�



Conclusion
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• LArIAT is a small detector capable of doing big 
physics and R&D 

• Precise characterization and calibration of LArTPC 
response will inform larger neutrino experiments on 
measurements of final-state particles from neutrino 
interactions 

• LArIAT has made the world’s first pion–Ar cross 
section measurement 

• More analyses to come from LArIAT, so stay tuned!
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ArgoNeuT/LArIAT LArTPC

16

� conversion following the �o decay.

All these provide data samples available for current cross section studies and measurements.
These consist of approximately 900 � CC-interactions in the fiducial volume of the TPC in the
neutrino-beam configuration, and 4000 � and 3500 �̄ CC interactions in the antineutrino-beam
configuration.

4.1. Event Imaging
The non-destructive configuration of the wire-planes and the individual wire signal read-

out/recording allow for imaging of the ionization event in the LArTPC volume.

Figure 13: Schematic of the ArgoNeuT LArTPC and the reference frames adopted for 2D and 3D imaging of the
ionization events. The coordinates (w, t) for the Collection view and (v, t) for the Induction view are explicitly
indicated in terms of wire index (nI,C

W and wire pitch (�s) for the wire coordinate and time tick index (nt) and sampling
time (�t) for the time coordinate.

In ArgoNeuT each of the two instrumented wire-planes provides a 2D-image corresponding to
the event projection on a plane whose axes are identified as “wire coordinate” and “time coordi-
nate”. Both coordinates are discrete, in terms of the wire-number in the plane (nw, from 1 to 240
for both Induction and Collection) and of the time tick of the signal digitization (nt, from 1 to 2048
samples).
A schematic view of the wire plane geometry and of the reference coordinate frames are shown
in figure 13. The two projection-planes are indicated as (w, t) for the Collection and (v, t) for the
Induction. The two planes have the time coordinate in common. The wire-coordinates lie along
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Courtesy of the ArgoNeuT collaboration



Matching MWC track with TPC track
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Measuring cross sections with the “thin-slab” method
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Measuring cross sections with “thin-slab” method
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pp-Ar Interaction-Ar Interaction
● We have a wire chamber track (with an initial kinetic 

energy) matched to a TPC track, we follow that TPC track 
in slices

– The slice represents the distance between each 3D point in the track

– For each slice we ask: “Is this the end of the track?”

● NO: Calculate the kinetic energy at this point and put that in our “non-
interacting” histogram

April 8th 2016                   FNAL Wine and Cheese Seminar | J. Asaadi  | UT Arlington                            
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Measuring cross sections with “thin-slab” method
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pp-Ar Interaction-Ar Interaction

April 8th 2016                   FNAL Wine and Cheese Seminar | J. Asaadi  | UT Arlington                            
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Measuring cross sections with “thin-slab” method
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pp-Ar Interaction-Ar Interaction

April 8th 2016                   FNAL Wine and Cheese Seminar | J. Asaadi  | UT Arlington                            
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Measuring cross sections with “thin-slab” method
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pp-Ar Interaction-Ar Interaction
● Now that we have a wire chamber track (with an initial 

kinetic energy measured from the wire chambers) 

matched to a TPC track, we follow that TPC track in slices

– Yes: Calculate the kinetic energy at this point and put that in our 
“interacting” histogram

● This is kinetic energy in put in both the interacting and incident histograms
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Measuring cross sections with the “thin-slab” method
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where n = ⇢NA

A and z is the slab depth.


