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@ Charge conservation

0 Occurs in nuclei where single @ decay Lepton number conservation

IS energetically forbidden — second .
order vﬁeak intyeractiun Baryon number conservation

Half-life of order 10" - 10*' years,
exceeding the age of the universe

0bserved experimentally in isotopes including **Xe and "°Ge
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NEUTRINOLESS DOUBLE BETA DEGAY

3 If neutrino is its own antiparticle - “ Majorana ”

3 Only two electrons come out
carrying all the energy

2 Lepton number violated — goes
from 0 to +2

1 Potential explanation of matter
anti-matter asymmetry > path to new
physics
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https://arxiv.org/pdf/1306.6106

1 Searching for neutrinoless double beta decay in "*°Xe

1 Location 655 m underground at WIPP, New Mexico

2 200 kg liquid xenon (LXe) inventory with 110 kg in
active detector volume

1 Detector = HFE 7000 coolant - insulated cryostat >
lead shielding - veto panel
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https://arxiv.org/pdf/1306.6106

EVENT DETECTION

Charge collected on U-wire channel plane
Central cathode

1 Energy deposition in LXe = Ionization charge and
scintillation light

3 lonized electrons drift under electric )| LAAPD Plane
field = pass through V-wire and OO 00S "
U-wire channel pi RSN
wire channel plane i\\\ \\ \\ QXX
 Scintillation light detected by LARPD COOOOOONK \\; JCLGEH e V wire-channel plane
on bhoth sides X \\ \\ \\ \\ \\ Scintillation light

A \\\\\\»
NN

- \I wire channel

U and V Wire plane = 38 readout
channel each, inclined at 60 degrees

/= Vdrift (tcharge _ tscintillation)v Vdrift ~ |71 mm/lls
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EVENT DETECTION

Gollection signal " Induction signal

1000 1100 1200 1300

1000 1100 1200 1300 Time (us)
Time (us)

1306.6106 1506.6106

CAP 2026, Tanmay - EX0-200 Spatial Reconstruction

 Charge interaction - collection and induction

signal on U-wire channel, induced signal on
\-wire channel

3 In both planes, each readout channel = 3
wire triplets, 9 mm effective readout pitch

Q Single-Site (55) event >

Nu =1 : single-channel deposit
Nu = 2 : dual-channel deposit

Q Multi Site (MS) event->

Multiple channel deposit
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https://arxiv.org/pdf/1306.6106
https://arxiv.org/pdf/1306.6106

B Induced signal
B Collected signal

OBJEGTIVES

2 Further DNN development - to use simulated
electrons for spatial reconstruction of EX0-200
HIE L

3 Existing DNN from previous work uses GNN with
~ [o million parameters, improvement from -

L.7mm > 0.5 mm 0 200 400 600 800 1000 1400

(1 To establish spatial relationship hetween events Time (us)
and energy

U-wire channel
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EVENT TOPOLOGY
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1 Off diagonal > hexagonal boundary in U-V : physical Lo
geometry of the wire grid Enrgy (kl)

- Monte Carlo simulation of §S electron events to train
DN
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1 Diagonal panels = 1D distributions of
Energy, U, V, Z - covers broad range of energy

and active volume detector

U (mm)
= =
oo O o [ e B e |

Events per bin (log scale)

Energy (keV)

1 Broad spatial coverage - DNN learns reconstruction and no
hias
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MODEL A

Training and validation loss

NEW DNN TRAINED

3 Model A (classifier) : predicts charge-collecting
U-wire channel with ~95% accuracy

Loss (MISE)

o — NN B~ o1 O

MODEL B

1 Model B (regression) : spatial Training and validation loss
refinement using identified
wire channel+ 2 neighbouring U-wire

0 5 10 1B 2 2 30
Epochs

NS oo coe PO &~ o oo

channel each side g 555,974 parameters
J Training set - 90%, 0 s m\ 15 20 25 *3['1\“3};40
validation set 10% events Epochs 3 Combined: 605,757 fitting

49,783 parameters parameters

3 Training done in two steps 000
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RESULTS

3 Residual (Au)

= U_predicted — u_ true = 0.01 mm, o = 1.62 £ 0.01 mm
Training result

3 Improved DNN achieves
o = 0.5l mm

DNN Recon /1
Stand Recon :'

—.m

across all SS events
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i = 0.0l mm, o = 0.30 + 0.0l mm

750 1000 1250 1500 1750 2000 2250 2500 2730

3 Spatial resolution = gﬁ
increases with energy = s
| =02 sl
1 DN generalizes well, V3 o0 01 2 3 a
Consistent performance Residual (mm)

RMSE vs Energy (Train vs Test)

Energy (keV)
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Residual Distributions - Standard vs DNN

. Standard reconstruction uses only charge-collecting wire

3 DNN exploits induced charge on neighboring U-wires

Probability Density

2 Sub-wire spatial resolution = by induction signals

3 Without neighboring wire input DNN yields o = 1.67 mm
Residual (mm)

O
O
=10
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3 Previous result (Johannes
Links) for U coordinate
ohtained using high
energy gamma

3 Independent Test :
average resolution
across /60 - 3000 keV

Probability density

Independent Test

¥ Stand Recon
i op=-002
5 3 o =1.68 + [l.l]l|mm
o DN

;' tp=-0.02
5 ". o =025+ 0.0lmm

-4:3 2 -1 0 1 2 3~4
Residual (mm)
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Probability density

Johannes’ result
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https://ecap.nat.fau.de/wp-content/uploads/2019/09/2019_Link_MA.pdf

GONGLUSION

2 DN (new)-based reconstruction
the U-coordinate compared to standard

CIHIEIEIE more than b times

3 Number of fitting parameters for new DNN

GO 26 times
.1 Reduced computational costs (new DNN) DREAI‘ DATA INVESTIGA"“N

e FUTURE WORK

reconstruction
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015D SPATIAL RECONSTRUCTION

CGOMPLEX TOPOLOGY (M5 event)
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