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Context

Dopants that convert light to charge (Photosensitive
0 dopants)might help expand the reach of DUNE phase-
| at low energies.

Improvements to energy resolution at low energies wil
also impact the current PS5 priorities in the Phase-l|
orecision measurement era.

51 A LArTPC R&D program with potential to expand
DUNE physics reach for phase-Il to and contribute to
running AND future detector technologies.
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DUNE PHYSICS AT LOW ENERGIES
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Dopants in the context of:

enabling neutrino-less LArTPC R&D For
double-beta decay DUNE & beyond
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VVHY PHOTO-SENSITVE DOPANTS'?

KUBOTA, HISHIDA, SUZUKI, AND RUAN(GEN)

Phys. Rev. B 20, 3486 (1979) |_

150
Charge + Light = Constant gm
:
S sof
On DUNE, we'll expect ~50/50 o ||
charge to light breakdown. 0
Field Strength ( kV/cm)
4
o Typical LArTPC Field Strength
DUNE:ProtoDUNE-SP Run 5779 Event 12360 10.0 E
752 This ratio is sufficient for
>0 2 the needs of GeV physics
25 ¢ but will impact our ability to
0-0 g’ do physics at the MeV scale
-2.50
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Wire Number
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CHARGE + LIGHT = BETTER RESOLUTION AT LOW ENERGIES

2.615 MeV Photon from 228Th

567 V/cm
5 95
EXO-200, a LXeTPC searching for OVRB, explored =
the anti-correlation between light and charge % 90
signals ©
S 85
2
Found when using light or change they were only o 80 3
able to achieve a 4% energy resolution XN
125 130 135 140
. . electron count (10°)
By combining light and charge they were able 3500 | | | ,
- - - — Scintillation: 4.80%
to improve their energy resolution by 3x, 10 3000l  onivtiom 2.84% | ] @
~1% — Rotated: 1.15% =
< 2500} . E,
To achieve this they collected 30,000 y/MeV | ik resoldfion) 1w
=, ®
*:c'; 1500f
8 1000f
500}
*See J. Zennamo’s talk on Saturday
for this concept in LAr simulation. 800 1000 1500 2000 2500 3000

Energy [keV]
PRC 101, 065501 (2020)

EXO-200 Collaboration

2% Fermilab Fernanda Psihas



HOW MUCH LIGHT DO WE NEED"/

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

B Light Collection Efficiency
—— 0.001 %, 0.3y /MeV
— 0.01 %, 3y /MeV
0.05 %, 157y /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

Better Energy Measurement

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

Energy Resolution at 1 MeV [%)]
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Charge Readout Signal-to-Noise Ratio

>
Less noise in charge readout
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L IGHT COLLECTION ON DUNE

Traditionally li

ht collected at anode plane

EXO-200 Detector

/ 40 cm by 18 cm

Total Light Collected
Direct Light
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Increasing light collection on large LArTPCs is a
challenge:
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- Low photon detection coverage by design. % ] } }
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The best light collection efficiency has been accomplished 60 i i } I
on SBND o es Ry
i 4 43
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Best LArTPC R BTy T
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Light collection < 160 photons/MeV << 6000 photons/MeV distance to photocathode plane [cm]

D. Garcia-Gamez
Journal of Physics: Conf. Series 888 (2017) 012094
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PHOTOSENSITIVE DOPANT CONCEPT

Introducing photosensitive dopants will cause
light-to-charge conversion

What we know: R&D Questions

== Good indications that 7 Lot’s of productive and
this Is a promising e impactful R&D for the

avenue of R&D coming years.
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—XSTING LITERATURE

The most commonly used have ionization energies of 7-9 eV: Tetramethylgermane (TMG),
(CH23)4Ge, Trimethylamine (TMA), N(CHz)s, Triethylamine (TEA), N(CH2CHa)s

Small test stands explored a variety of chemicals and found an increase in charge for highly
scintillating particles.

Nucl. Instr. and Meth. A 242 (1986) 256
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—NERGY RESOLUTION

Nucl. Instrum. Methods. Phys.

Res. B 355, 660 (1995).
ICARUS Collaboration

Through-going muons

- 14000 (e e T
ICARUS doped a 3-ton prototype LATTPC with ™™ T T Ty Doping
TMG to the few ppm level R S ckd SRt P LL I
g b . . :
TMG \/\/aS S@’@CT@Q b@@@ug@ iJ[ didmu[ ’K@@Ct \/\/ith J[h@’r c_o) 11000 :_ ............... ‘ ................................ 300/0 ............... _i
filter material and was easily purlfied Bl S S B (S — B
S oo bAoA A AL
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B0 0™ o0 30 B0 500
Elapsed time (days)

After introducing TMG observed:

Stopping muons and protons

30% Increase In muon charge signals REf Janas nanassnant hasas ARSns AAANS MSac
121055/ 200 V/em |- ‘_
Stable operation for 250 days N8 35ppMTMG -
-ound a more linear detector response for hignly CI:
onizing particles SHPRTY! SR I all IS PO I
21045 . : - . .
) SN T P P S N
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More charge is dE/dx (MeV/cm) More light is
produced produced

(Energy Deposited)
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—&0D) QUESTIONS

Extend demonstrations of dopant effects at energies below 5 MeV
Demonstrations of feasibility at DUNE-scale

Searches for & design of optimal doping scenarios for desired light-to-charge
ratios

Studies of the interaction of dopants with:
- other dopants (i.e. Xe)

- filtration systems
- fluid dynamics in the cryostat

What is the impact on the DUNE core physics”
- Timing in a light-less DUNE
- Enhancement of low energy components of GeV events
- Improvements to other low energy signal sensitivities
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T HOUGHT-PROVOKING D

Photo-sensitive dopant R&D
could change how we think
of low energy physics with
LArTPCs

-AS FOR DUNE PHASE-

A DUNE MoO with no light and ~1%
energy resolution at 1 MeV,

DUNE phase-|l data runs with
iNnterchangeable doping strategies.

Your low-energy analysis idea enabled
oy the abllity to alter LArTPC light-to-
charge ratio
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