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Introduction

Wavelength-shifting tetraphenyl-butadiene
film (TPB) evaporated onto a layer of

reflector, which covers inner surfaces
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Use in dark matter searches

TPB reflector used in dark matter searches like
WATrP, ArDM, DarkSide

Pulse shape discrimination (PSD)

— Ratio fast-to-total light used to separate MIPs
and genuine nuclear recoils

— In nuclear recoil energy range 50-100 KeV,

50% nuclear recoil acceptance with ~10
electron recoil contamination (Lippincott et al, 2008)
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LArlAT: Liquid Argon in a Test Beam

Program to create a permanent test facility to
calibrate LArTPCs in a beam of charged particles
(pions, protons, positrons...)

Phase I: Re-use ArgoNeuT detector in a test beam
at Fermilab’s M-Center starting later this year

» Adapt reflector-based light collection system
for use in neutrino LArTPC experiments

Neutrino event
from ArgoNeut
(collection plane)
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LArIAT light readout system (1/2)
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PMT's behind TPC wires

Two cryogenic PMTs
——— + 3" high QE (30%)

e 2" standard QE (20%)
Two SiPMs

* 1.2x1.2 cm?each, QE 50% |
(arrays of 16 3x3mm
channels)

Reflector foil, TPB coated
-, lining onto field cage walls

Side port added to
ArgoNeuT cryostat to I

accommodate PMTs and
HV/readout
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LArlAT light readout system (2/2)

~ | Reflector foil
| before/after TPB
| evaporation

PMT's behind TPC wires

Inner walls of TPC lined |
with TPB reflector foil in ||
order to maximize light |

collection compared to
traditional LArTPCs

. ILARTIPC
Reflector foil, TPB coated

. lining onto field cage walls

Test-mount of mock foil masks
onto LArIAT TPC

Signals digitized by
CAEN V1751 at 1GS/sec
* Fast DAQ needed to differentiate fast &

slow component (~1ns vs ~1us)
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Light readout test chamber (1/2)

To test components and DAQ in
experimental conditions, test
stand assembled at UChicago

PMTs and SiPM mounted to top
of mock-TPC (14x14x25cm) made
of G10 (same material as LArIAT
TPC) lined with TPB foil

SiPM peering into inner
volume of mock-TPC
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Light readout test chamber (2/2)

Observed LAr scintillation light in
coincidence with cosmic rays
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Entrles s 70708

- Mean 88.44

RMS 70.21

l’ 1 ndf 263.11237

- =

Successful demonstration of T aostioomes
DAQ chain through CAEN board et
p6 101.2+ 8.6

p7 3016+ 298

* Single photoelectron response
(SER) measured from stray ;
photons in tails ’ L

e Scintillation lifetime measured

llll]lllllllllllllllllll
l:.
N
©
(=3
2 o
3
©

50 = 100 150 200 280 300

IH‘ T I\HHI‘ T TTTTI
=

(purity estimation possible)

W. Foreman LArTPC R&D 2014 [DRAFT]




Light yield simulations

LArIAT chamber visibility map
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Light collection in LAr1-ND

. 2 anode plane assemblies (APAs)
Space along APAs can accommodate light F thick) \

* 3.65m (W) x 4m (h) x 20cm (
Collection system —aimto be Compact as * Skeleton of stainless steel tubes
possible (SiPMs + light guides)

Acrylic TPB-coated light guides chosen for
LBNF — will be put to test in LAr1-ND!
 Capacity for PSD needs to be tested

* Possibility for complementary use of TPB
foil on cathode + walls

)

Wavelength-shifted
reflection (~428nm)
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PE— ,*' seintation Studies underway to maximize
./ | physics + R&D potential of

light collection system
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In Summary

< Reflector-based light collection proven effective in
nuclear recoil / MIP separation in LAr

= |nnovative (and, as of yet, untested!) approach to light
collection in LArTPC neutrino experiments

< LArIAT light readout prototype operated successfully
= Results being used to optimize light yield simulations

= LArIAT will enable new studies on PID, calorimetry, and
muon sign-determination using scintillation light

< LAr1-ND provides further opportunity to test
reflector-based systems
= Will help inform/optimize LBNF designs
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