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Photosensitive Dopants

« Dopants convert isotropic UV light into directional charge

* Past demonstrations have shown ~60% of light is converted to charge

* A huge increase in the information collected about the scintillation channel

e On

y requires doping to the ppm level with a hydrocarbon
* No negative impact on electron drift characteristics
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Can One Trigger such a LArTPC?
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https://iopscience.iop.org/article/10.1209/0295-5075/109/12001

Detector Loncept

. To aehleve th|s one vvould need to dope e Far'Deteetor -
module with a few ppm of xenon and a PS-dopant

« Doping a full 17-kton FD module would cost O($700,000)

 (Could be even cheaper without xenon, but this would mean no taggable
light signals

* [hese dopants can work equally well with any
single-phase charge readout (CRPs, pixels, etc.)

* One could forego light detectors completely, resulting in
additional cost savings

e Using the beam timing one can achieve 10 ps timing resolution for
accelerator neutrinos

e For supernova neutrinos, drift time provides ms-scale timing resolution
» Both of which could be sufficient
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Impact on Low Energy Electrons, Theory
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Impact on Low Energy Electrons, Full Simulation

* Tested in a full LArsoft Based on full detector simulation
LArTPC detector simulation and full reconstruction
with real noise, signal with realistic noise
simulation, signal processing,
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Simulated with MicroBooNE Noise Levels

.. = 1 2 -

Pu:e Liquid Argon o\o 0 u 2 —#— Pure Liquid Argon
=~ 4% j, e B I 3 (0.87 MeV Reconstruction Threshold)
N charge b To c i £ % —®— with P.S. Dopant
2, _ 8 g (@] 8ic (0.05 MeV Reconstruction Threshold)
Sy | UV Light JiS g = mcF “.,-:I""m
5| EEL § g 3 - - -
S = = o :
L
3 : © @ 10 -
2 g I F- Sang,
72} o o - . ""'I'I........
S © © o nE '.1I0I1.‘.
o [ Q@ — '
0 L B S e
E » U\{)nght o E) B rlai. '
[0)) 61 A') m B : |..|I.'
% cC il Range-Based Energy Resolution
S LLI 'Ill-n. at High Energies
c - u -
2 e = -,
;I 2 - .1.1.1.1._‘.1.'*.1.1.1
5} E B
c
S " .
S @)
®
L = '

m —1||||E||||||||||||||||||||||||||||||
o 10
IMeV | 125 MeV r 2 3 4 S5 6 7
Energy Deposited [MeV] Proton Deposited Energy [MeV]

J. Zennamo, Fermilab /



Impact on Recombination

Based on Stoppmg Protons ‘

In pure LAr the amount of
charge-to-light ratio changes
as more energy Is deposited

e We measure dQ/dx and infer
dE/dx by applying
recombination corrections

When PS-dopants are
introduced the amount of
charge is linear with the
energy deposited

 This improves energy

reconstruction and particle-ID
capabilities
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https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12004

e The full detector simulation also demonstrated a reduced
threshold for detecting low energy protons (>17x)

LArSoft Simulation
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Reconstructmg Neutrmo \nteracnons

. Dopants Improve reconstructlon IN two vvays

* Particle energy reco. (no need for recombination corrections)
 Reduced thresholds (proton threshold drops 7.5x)

Will directly improve neutrino energy reconstruction
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.036009

Impact on Neutrino Oscillation Measurements

PRD 103, 116003 (2021)

oscillations

The second oscillation maximum
becomes very clear at the lowest

energies

This paper found a 9% increase
in the &¢p discovery potential and
better precision in measuring
Ocp, reducing the uncertainty
from +15°to =11° at -110°
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hese plots demonstrate the
impact of using the previous
slides energy resolutions when
studying DUNE neutrino
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.116003

Impact on Non-standard Neutrino Interactions
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 These improvements
extend also to measuring
non-standard neutrino
interactions

601~

401

App. Events / 0.1 GeV

: . 0

* Break degeneracies with >
standard oscillations 2

S 05

= O

 |Improves limits of NSI 0.0

p aram ete rs Reconstructed Energy [GeV] Reconstructed Energy [GeV]

Example: s —z— ]

| NO

* |ncreasing constraints on
Sep‘ by 10%, ‘SeT‘ by 11%,
and ‘SUT‘ by 4%

0
0.00 0.05 0.10 0.15 0.20 0.25

|€erl

J. Zennamo, Fermilab 12


https://link.springer.com/article/10.1007/JHEP08(2021)163

Supernova Neutrino Physms

When studying supernova neutrinos 08074 ecaie [ e
photosensitive dopants help primarily by 822 | PRCI03.0M604(021) |... prece
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.103.044604
https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/043

Conclusons

 PS-dopants provide a broad enhancement in the physics capabilities
of LArTPCs
 Low cost (<$700,000), works with any charge readout, could forego light detectors
« Coupling this with xenon doping could allow infrared light to be used for triggering

* This is done by converting the UV light to charge
 This removes the need for recombination corrections

 Lowers thresholds
 |Improves energy reconstruction

 Based on detailed simulations this improves:

 MeV-scale energy resolution by 5x
o (GeV-scale neutrino energy resolution by 2x
e Supernova neutrino energy resolution by >5x and pointing resolution

 When coupled to a low noise readouts, could enable sensitivity to coherent neutrino
scatters from supernova
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Back-ups
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TABLE I. Detection thresholds according to the DUNE CDR
document [5]. The values given correspond to the kinetic

energy of each particle.

P T v 7 e | others

Thresholds

(MeV) 20 100 | 30 30 30 50
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of PS-dopants on ocp

PRD 103, 116003 (2021)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.116003

