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SoLAr neutrinos in LAr

X Large Liquid Argon Time Projection Chambers (LArTPCs) have significant potential for low energy neutrino physics

- 10 kt module with 5 MeV threshold F— EEEEEEEE———————

X Solar neutrinos

X Supernova neutrino bursts

| Charged Current (CC) interaction: v, + 40Ar — e- + 40K*

H Elastic scattering (ES): v, te-—> v, + e

X Diffuse supernova neutrino background -

Agostini et al, Eur. Phys. J. C 80, 1091 (2020)

e e e

Challenges

« Materials not optimised for searches
requiring low backgrounds |

« Limited low energy resolution

« Difficult reconstruction of low energy events
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The SoLAr concept

Integrated charge & light readout tile for low energy neutrino physics in LAr

o o arXiv:2203.07501 [hep-ex]
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The SoLAr concept

Integrated charge & light readout tile for low energy neutrino physics in LAr

arXiv:2203.07501 [hep-ex]

Intearate developing technologies August 25, 2022

| | Ciematlt
« Next generation VUV SiPMs
 Novel pixel readouts e e

— — LHEP

Combine light and charge UNIVERSITAT BERN
X Improve triggering and energy

, < DEGLI STUDI
resolution \ Z S
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X 7% energy resolution target i aia z Z
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Improve background rejection

e Pulse Shape Discrimination MANCH%SZEER
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Photon detection system

PDE measurement data
Vover = 4V, in vacuum

X New generation SiPMs: 0% - [

2 309 | ——VUV3-50ump

- High photon detection efficiency at
LAr scintillation wavelength

- Hamamatsu 4th generation MPPC 10% 7 SN
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Photon detection system

* New generation SiPMs: icle
par!

- High photon detection efficiency at liquid argon
LAr scintillation wavelength

/ \ scintillation
- Hamamatsu 4th generation MPPC / ight

- FBK VUV-HD technology 127 nm

PTP
350 nm Dichroic Filter

/\ LAr
430 nm

- Consider DUNE X-ARAPUCA design Reflective surface

X Can be combined with light traps

SiPM

- Improve photodetector coverage

Not to scale.
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Charge readout

LArPix Q-Pix

- Self triggered digitisation and readout - Developed to solve the data rate issue of

: ixell
- Technology demonstrated in ArgonCube pixellated readouts

. - Electronic principle of least action
- Available now

- Saves time stamps instead of full waveforms
- Used for first prototypes
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32 cm by 32 cm anode PCB tile
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Charge readout

LArPix Q-Pix

- Self triggered digitisation and readout - Developed to solve the data rate issue of

: ixell
- Technology demonstrated in ArgonCube pixellated readouts

. - Electronic principle of least action
- Available now

- Saves time stamps instead of full waveforms
- Used for first prototypes

e e My | « Each channel integrates
L H R Li”:} Charge Integrate Reset circuit
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Charge readout

LArPix

- Self triggered digitisation and readout

- Technology demonstrated in ArgonCube

- Available now

- Used

for first prototypes
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32 cm by 32 cm anode PCB tile
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Q-Pix

- Developed to solve the data rate issue of

pixellated readouts

- Electronic principle of least action

- Saves time stamps instead of full waveforms

— Input
Resets
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Each channel integrates
Charge Integrate Reset circuit

Resets when charge > AQ/Cf

Measure reset times with
embedded clock




SoLAr development stages

Down, and down we go...
Small scale tests at LHEP Bern S

2022-2025
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SoLAr development stages

Down, and down we go...
Small scale tests at LHEP Bern S

Medium scale demonstrator

2022-2025

~2025-2030
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SoLAr development stages

Down, and down we go...
Small scale tests at LHEP Bern S

Medium scale demonstrator 2030 -

Ross Headframe

i Rock crusher

~ 1 mile/

enovated
oss Shaft

2022-2025

LBNF/DUNE
cavern excavation
(drill + blast)

~2025-2030

DUNE Module of Opportunity?
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Small scale prototypes

Goals

- Operate an integrated charge & light
readout tile for the first time

- Investigate detector effects:

> Cross-talk, charge accumulation on SiPMs

- Observe cosmic muons tracks

V1 prototype (October 2022)
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Bern SolLAr prototypes

Prototype vi

- Runin LAr in October 2022

- 7/ x 7 cm?readouttile

- ~5 cm drift distance

- 16 VUV SiPMs

- 4 LArPix chips

Anode plane visual guide
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. Charge pixels

[Arbitrary units)

. First tracks |
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= o | Charge + light |
ol | readout! |
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Bern SolLAr prototypes

Prototype vi

- Runin LAr in October 2022

- 7/ x 7 cm?readouttile

- ~5 cm drift distance

- 16 VUV SiPMs

- 4 LArPix chips

Anode plane visual guide
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| Charge pixels - 20 LArPix chips

Prototype v2

SiPMs
- Runin LAr in July 2023
- 30 x 30 cm?2 readout tile

- 30 cm drift distance

[Arbitrary units)

A. Navrer-Agasson

. First tracks |
| with ‘
i integrated |
| charge + light |
. readout! |

- 64 Hamamatsu VUV
SiPMs
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SoLAr V2 prototype run

« ToOk data for 10 days

ArgonCube cryostat e Sources:

> Cosmic rays
»60Co

o Partially instrumented pixel tile

Mol
P A
—
‘ Lo

SoLAr prototype V2 TPC

Hit map shows location of disabled pixels
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SoLAr V2 prototype run

Charge & light event display!

Event 11 - Charge = 558463 ke

80

=
o

w
o

Light integral [p.e.]
charge [ke]
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Track fitting

2732 tracks 2732 tracks

Bl All tracks B All tracks
Bl Score =0.5 A Bl Score =05
Max vertical length

-= Max length in xy

e Extracted mean dQ/dx
for a subset of events

e Shorter track fits show
lower fitting score

80 ¢t

0 1
0.0 3.0 0.0 9.0 12.0 15.0 18.0 21.0 24.0 90 120 150 180 210 240 270
Mean dQ/dx [e mm™1] x10- Track length [mm]

Score indicates “goodness of fit”
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Track fitting with light?

Charge Track

1. Select top 5 SiPMs with largest light signal

« Must be non-zero
« Minimum of 3 SiPMs
- x andy are determined by SiPM coordinates

2. Estimate light signal z-coordinate B

o Average the z-coordinate of the charge hits within the - - — —t j
SiPM’s quadrant '
« Average is weighted by hits charge

Cosine similarity between charge and light tracks

3. Apply RANSAC regression to resulting = Trrehold 0. 2063 e

B Threshold: 10 p.e. - 753 entries
MW Threshold: 20 p.e. - 297 entries

[ ]
OI nts B Threshold: 30 p.e. - 126 entries
p B Threshold: 40 p.e. - 58 entries
EEm Threshold: 50 p.e. - 27 entries

o Fit quality depends strongly on the track angle of
Incidence to anode

Light fit performs well with a strong
enough signal and z-coordinate

obtained from charge
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Light & charge correlation

Event level Light vs. Charge - 3314 events

Event level Charge vs. Light - 318 events

e First look at correlation /,_\ iR R
between charge and I 1 - JEN i [Py

light signals

e 85.7/% of the charge
events found a ! LT g
Corresponding ||ght : | | N | LT zo'oﬂrzjolulzsélﬂﬂ'o

event match within a 10 e — Select single
LS search window track events

]

Event level Charge vs. Light - 3314 events

Fit (u=1593.19)
Peak: 664.10

- Median: 3878.44
Mean: 6025.87

=
o
N

One population | | w F -
| il m_ﬂ_wﬂﬁllm[ﬂjhl‘ﬁr -

\

Total Light integral [p.e. - Log]

=
o
-

l ) 4.0 8.0 12.0 16.0 20.0 24.0 28.0

dt = charge timestamp - light timestamp 108 o105 e ~ Event total charge / Light [e/p.e

Total charge [e - Log]
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Medium-scale demonstrator

Science goals

'« Validate SoLAr performance

e 16 X26 X2 M3

te Planned in Boulby Underground | (1 m drift length)

Laboratory (UK)

1.6m

e 31x31cmz2tiles

e 1100 m rock overburden
o Light traps on 4 sides of the

L« Proposal in preparation in synergy | TPC

_with dark matter (SOLAIRE) |
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Summary

X SoLAr aims to extend the physics LArTPCs in the MeV-
scale range

X New anode tile with integrated charge & light readout

X Staged R&D approach:

- Second run of prototype integrated charge & light
readout sensors

—
(@)
y [mm]

I
=
(@)

- Cosmic ray and ¢0Co source

|
5
(0]

- Data analysis ongoing

|
o0
o

- Near-term goal: design and operate a medium scale 10
ton demonstrator in Boulby (UK)

- Synergy with dark matter (SOLAIRE)

- Ongoing performance studies for a 10 kton module
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X (Large) volume of liquid argon (LAr)

- Particle crosses the LAr volume

- Creates ionisation and scintillation
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X (Large) volume of liquid argon (LAr)

- Particle crosses the LAr volume

- Creates ionisation and scintillation

X Light readout

- Provide interaction timing
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X (Large) volume of liquid argon (LAr)

- Particle crosses the LAr volume

- Creates ionisation and scintillation

X Light readout

- Provide interaction timing

X Electric field

- Electrons drift to the anode

MANCH%SZZER A. Navrer-Agasson - AIDA Innova Meeting - 20 March 2024



X (Large) volume of liquid argon (LAr)

- Particle crosses the LAr volume

- Creates ionisation and scintillation

X Light readout

- Provide interaction timing

X Electric field

- Electrons drift to the anode

R X Charge readout at the anode

E - Often wire planes
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Light signal deconvolution

ev 1: Raw SiPM 215553018 - ch 43

1600 ; : : T ; ; :
P00 E [
TOOO [

e EVvaluate pu |ge-he|g ht A e —.
200 1
0

2. Spectra 208 5640646 Foo

Select pulse candidates | Time [ticks]
ev 1: Deco SiPM 215553018 - ch 43
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1. Fast analysis
«ldentify pulses

Amplitude
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After

1.5

Amplitude [a.u.]

3. Build template

1
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Energy reconstruction improvements

DUNE Preliminary
1 1 L] L ] Ll 1 L L ] L 1 L 1
.88 v, CC

« Need few % resolution at 20 MeV to resolve the hep flux

108 1l 1 ] Al I T 1 ) T l L] 1 L L l

” 10° Bhep v, CC O
g 10° B Neutron Capture : : 9  ~o
2 20 Pixellated charge readout resolution — = 5%
o
5 . QO
= 10*
3
S P -h o (Gets better with combination with light
— 10°
S
- . « Allin place to achieve the required resolution!
0 s 10 15 20 25 %0 5
Reconstructed E.. (MeV) e 10019 %2 I ndf 109.7 / 34
o = ; ; ; pO 0.7941 + 0.004153
LAI‘PiX charge sum resolution I% 90: ........................... ........ p1 0.04686 =+ 0.001538
0.40 GO N\ P2 0.82 + 0.001999
e —— 6ke threshold ° — : 5
S 0351 1200 ® —— 4ke threshold S =
5 g 2001 wo = 2ke threshold Z,
- 0.30 E ®
% 0.25 *%
oé 0.20 - g
%0.15‘
g 0.10 - = : _ _ . 5
2 o5 | 20 ;_ ........................... ........................... ......
o /..2X2 Module-0 performance paper
| 0 260 460 660 860 10b0 E | | | | | | | | | | | | | | | | | | | | |

true deposited charge [ke] 0 0 0.2 0.4 0.6 0.8 1
E field [kV/cm]
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