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Physics Motivation: Neutrinoless Double-Beta Decay
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Simulated '3¢Xe OVBP event,
ionization track in|Obar Xe gas
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lonization imaging (3D) for OVRB

Simulated events in '36Xe OVB energy region, ionization track inl0Obar Xe gas
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Background discrimination using 3D

track pattern information

Application of machine learning
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Counts per 0.1 MeV

82Se 2V double-beta decay
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Challenges and solutions

To do a definitive experiment

® Scalable to large mass while retaining;
® Excellent energy resolution at Qgg
® Background control: pure material and active discrimination
® Geometrical signature of decay (positive signal identification)
® | everage industry to scale

® High pressure gaseous TPC

® HP Xe has been proven to have excellent intrinsic energy
resolution (ionization charge statistics)

® PandaX-lll and NEXT employ Micromegas and
electroluminescence techniques to achieve high energy
resolution and charge tracking



Gas-electron multiplication, stability?
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CMOS charge sensor array for TPC

N

Readout
Plane 2

® Focusing electrode 100% coll. eff.
readout

® Direct charge collection in X-Y

® Eliminate charge amplification
® In-sensor digitization

® |[nter-sensor network for data

No electron avalanche ga

Readout
Plane 1

CMOS Sensor

K )Charge track




Numbers

High pressure Xenon TPC as an example
® ~50 free ions/electrons per keV energy deposition
o 136Xe Qpp=2.458MeV — 100k charges

® |Obar Xe intrinsic energy resolution: 0.3% FWHM at Qgg
— |30 e total fluctuation (O, detection medium contribution)

® [% FWHM energy resolution at Qgg — 420 e fluctuation (O)
— 400 e electronic noise allowed (sum of all pixels)

® Track length 20~30cm — 300 pixels see charge if pitch 5~10mm
— <30 e per pixel noise required

® |00% charge collection efficiency
loss of efficiency is equivalent to increasing noise

® |Ocm diameter array: ~100 chips

® |m diameter array: ~ |0k chips

® Charge drifting speed (sets the sampling rate requirement)
® Electron: mm/us
® |on:mm/ms



Topmetal

Alpha ionization tracks
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Xiangming Sun ® 80x80um pixel size
Former LBNL RNC postdoc, Di :
STAR HFT development until 2013 ® Direct charge collection

Now Professor, Director of Pixel Lab (PLAC) e Standard 0.35um CMOS process, no post-processing
Central China Normal University (CCNU) o ki ot version (2012), high noise & high bandwidth

Yuan Mei ® Second version (2014), <I5e- noise on each pixel.

LBNL NSD weak interactions In-chip signal processing, good for large scale array
Postdoc (2011-2015)

Staff (2016-) ® Third version (2016), specialized design for OV



Topmetal-S (2016)
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Design optimization (prototype)

Energy resolution: tradeoff among diffusion, pixel size and noise
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Topmetal-S Performance

A working Topmetal-S sensor
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High pressure gas TPC prototype

Gas system Charge plane:
woowm L 127 chips, ®10cm
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U [V]

Topmetal-II- seeing alpha (ion) tracks in air
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SeFg gas for OVBP in 82Se

o 82Ge
® High Qpg=2995.5keV
o Qpp for 3¢Xe is 2458keV
® A sharp drop in Y-ray backgrounds occurs
above the 2%8T| (2615keV) line
® SeFe
® Used in early days of HV electrical insulation
® Easy to enrich 82Se (9% natural abundance)

® |ow effective Z :straighter tracks — better
tracking

® Highly electronegative — ion drifting only
® Cannot sustain well-behaved avalanche gain

Must detect ions directly in gas

Credit: D. Nygren



Topmetal gain-less charge readout for OVBP in 82SeF;

® No charge amplification

Readout
Plane 2

® Direct charge collection in X-Y

® Z is determined by the +/- charge

arrival time difference

® Tandem TPC

|7

CMOS Sensor



Summary

® Jopmetal direct charge sensor,
without gas avalanche gain:

® |% FWHM energy resolution charge readout in
HP Xe gas without sacrificing tracking

® Very scalable leveraging electronics industry
® Upgrade to PandaX-lll, NEXT etc.

® Direct ion detection enables the use of SeFs gas
® Provide an alternative isotope 3%Se.
® Higher Qpp and better signal identification

® Potential Xe/SeFs gas swap without modifying the
rest of the system



