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[akeaways

can enhance the physics program
of next generation LArTPC in a variety of ways. We
explore this and other modifications that would enhance
onysics reach of LArTPCs and open R&D opportunities.

Doped LArTPCs concept expands the LArTPC physics
C capabllities to search for neutrino less double beta
decay.

This concept opens several R&D questions with
applications to the next generation pnysics program ano
future detector technologies.
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Xe-Doped LAr Goals

To enhance LArTPC reach for
low energy physics.

To enable neutrino-less

double-beta decay searches
in LArTPC
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xXenon-Doped Liquid Argon TPCs as a Neutrinoless Double Beta Decay
Platform. A. Mastbaum, F. Psihas, J. Zennamo. (soon on the arxiv)

BASIC CONCEPT:

Dope LAr with 136Xe, a Add photo-sensitive dopants
OvB[3 candidate isotope to Improve energy resolution
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Xe-Doped LAr Goals

To enhance LArTPC reach for
low energy physics.

To enable neutrino-less

double-beta decay searches
in LArTPC

Mitigate low &= Resolve a Dope with 100s
Backgrounds  2.5MeV Signal  of tons of 136Xe

AT WOULD NEZ T RGD QUESTY
/ 2
o BE MODIFIED SOES THIS OPEN
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HOW MUCH LIGHT DO WE NEED"/

Based on M. Szydagis, et al., Instruments 5, 13 (2021)

10°
N Light Collection Efficiency

—— 0.001 %, 0.3y /MeV
——— 0.01%, 3y /MeV
0.05%, 15y /MeV
——— 0.1%, 30y /MeV
1%, 300y /MeV
——— 5%, 1500 y /MeV
20 %, 6000 y /MeV
50 %, 15000 y /MeV

NESTIT models the microphysics of energy
deposits In noble liquids and gases.

Explored the energy resolution for 1 MeV
electrons in LAr for detectors with various
efficiency and noise conditions

10

Energy Resolution at 1 MeV [%]

Better Energy Measurement

Achieving the best possible
energy resolution need to collect
at least 6000 photons per MeV

10 20 30 40 50 60 70 80 90 100
Charge Readout Signal-to-Noise Ratio

>
Less noise in charge readout

13
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L IGHT COLLECTION ON DUNE

Traditionally li
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D. Garcia-Gamez
Journal of Physics: Conf. Series 888 (2017) 012094
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DHQTQS ENS‘ ‘ W: DQDANTS Simulated Event in Pure LAr

7.7 MeV
a ~10,000 e
~150,000 y

The most commonly used have ionization energies of 7-9 eV.
Tetramethylgermane (TMGQ), (CHz)4Ge, Trimethylamine (TMA), N(CH3)s,
Triethylamine (TEA), N(CH2CHz)s

Small test stands explored a variety of chemicals and found an increase 3.3 MeV
in charge for highly scintillating particles Equivalent to collecting 40%

: ~100,000 e
of the light produced. ~30,000 y
Implies 10,000 photons/MeV for MeV-scale electron signals ‘
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ONGONG R&D

*Work supported by an FNAL New Initiatives
Grant and the FNAL Neutrino Division
Assembling 3x3 tile TPC

(Fermilab)

Use radioactive sources 1o explore improvements with dopants
on two fronts:

Small-scale: Use a small pixelated LArTPC with
y-sources to measure energy in different doping scenarios

Status: Assembly has begun at Rutgers.

Large-scale: Adding radon source to MicroBooNE

Status: Data taking started this summer!

\ [l/zl,ll’,lllrlil\‘

500 kBq
226Ra Source

: 2 Fermilab

SELATED SNOWMASS VVHITEPAPERS

IFO8: Executive Summary on Enhancing and combining existing modalities to increase signal-to-noise and recon fidelity: Increasing Light Collection”

IFO8: Executive Summary on Challenges in scaling technologies: Sourcing/purifying noble gasses
NF10: Neutrino Detectors White Paper
Low Energy Physics in Liquid Argon (LEPLAr)
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SUNMMARY

This doped LArTPC concept could extend
the physics program of future LArTPCs with

"~ 10-1- >
sensitivities to OvpB decay as low as mB33 ~ IE 10 o
2meV at the DUNE scale. ~
5
This concept employs Xe-doping, photo- E 10-2nexo foyrsensitivity (1
sensitive dopants, depleted argon, and an ) DUNE-B 10yr EXp. 5% Eree
external overburden compatible with other « e
. Q|
low energy physics concepts for LArTPCs. c T DUNE-B 10yr Exp. 1% Eres
10—3_
*Coming to the arxiv very soon”® : | N
1 PMNS 10, 30
T Y Y o ST S Y. ST,
CAPABLITIES OF THIS

Myightest [€V]

DOPED LAR TPC CONCEPT
Higher charge-to-light ratio
<5% energy resolution at the ~MeV scale
Lower energy thresholds

Higher efficiency for low energy nuclear recoils
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