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Current status of the eld

simaedreawive | | Currently for E 5 GeV/c? the eld is dominated by noble
search experiment liquids based experiments

Light readout | DARWIN will push sensitivity down to the irreducible
Charge readout “neutrino oor” (need » 20£ lower background and » 20£

higher mass than 1T) { the challenge!
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Figure created with the Dark Matter Limit
Plotter by T. Saab and E. Figueroa
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The background requirements
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| 50t total (40 t active) of liquid xenon (LXe).
| Dimensions: 2.6 m diameter and 2.6 m height.
| 1800 PMTs of 3" diameter (» 1000 of 4”)

DARWIN Collaboration, JCAP 1611 (2016) 017
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Dual-phase TPC and readout sensors

Prompt scintillation (S1) and (traditionally) ~ Challenges

delayed scintillation (S2) / charge PMT radioactivity (XENONIT)

;;;;;;;;;;;; Cryostat shells
zzzzzz [
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Production challenges:

complicated assembly process (lots
of manual work)

complicated mix of material

—_—

Outgoing ) .
Particle I metals in UHV (j outgassing)

Inﬁoming _ .
L | glass-metal seals (} thermal

expansion)

photocathode factory (lives inside
of PMT!)
Look for alternatives!
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ABALONE photosensor Sl

Patent Numbers: U.S. 9,064,678, US-2017-0123084 Princi p|e

|  p.e. accelerated towards scintillator
windowlet (LYSO)

F LoA&3.2°/keV !
| Readout using SiPM (G = » 10°)

F @ 25 kV, assuming collection
ef ciency ~ A£10%!» 80 p.e.
F Total gain: & 108

II -~ | ? ~ Santilating Major advantages

Geiger-mode APD | all UHV-components are evaporated
Glass-glass sealing

Photocathode

Electrodes

F production can be fully automated

| Indium-based evaporated seal | eld-shaping electrodes work as
Xiv:1810.00280 getter
Y P | good timing
gww;g,g% | good pulse height separation
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CMOS based SPAD array

Technology that allows mixing of SPADs and Technology at low T: BV,
active MOS devices. DCR...

|  SPADs and readout combined on single
chip

| Simple mechanics/setup, low power single
photon detection, spacial resolution (SPAD
level)

New detector design optimized for low photon
uxes:

| High Il factor ( 80%)
| Low power dissipation (no static DC
current!)

Michael Keller, Peter Fischer, Heidelberg U.
Talk: M. Keller, Wednesday
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First xenon dual-phase TPC with SIPMs

|  Small-scale R&D TPC (Eur. Phys. J. C78

(2018) 351)
| Top array with 4£ 4 S13371 VUV-4 from
Hamamatsu (JINST 13 (2018) P10022)

Cryogenic £10 pre-
ampli er

(x,y)j resolution for S2
reconstruction: 0.4 mm
Gain long-term stable
Excellent performance
during commissioning
and low-energy calibra-
tions

Talk: K. Thieme, Thursday
(few minutes ago)
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XAMS: another LXe TPC R&D with SIPM

| SIPMs for position reconstruction
| Field dependence of electronic recoils
(arXiv:1807.07121)

| Pulse shape discrimination
(arXiv:1803.07935)
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Characterisation of SIPMs

Temperature
characterisation of
Hamamatsu (JINST 13 (2018)
P10022) and FBK (ongoing)
VUV-sensitive SIPMs in
GN>

Investigation of:

|  Breakdown voltage

| Gain

| Dark count rate

| Afterpulse probability
| Crosstalk probability
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Cryogenic electronics for photosensors in
| xg

Goal: operate many photosensors as one single channel

|  Based on the AD8011 current feedback operational
ampli er

| Can allocate up to 64 individual VUV-4 photosensor
(S13370-3050CN by Hamamatsu)
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4x4 VUV-4 array operated at LXe conditions

Single Photon Counting capability assessment for 16 photosensors
(» 1.44 cm?) operated as single channel (NiM A (2018) Vol. 893, 117-123)

| Low intensity pulsed UV Led _ _

| DAQ through LeCroy HDO6104 | In nite persistence mode.
| Gain 2x107 @ (3V OVYV, 175 K)

| NO hardware lter

| NO of ine lter
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Liquid Hole Multiplier (LHM)

concerns:

Energy resolution depends
on gap homogeneity.

Expected deterioration by:

grid deformation

sloshing waves

changes in liquid level

tilt

thermodynamic instabilities

bubbles affecting liquid surface.

Ferella: DARWIN signals readout

Potential solution:

Local 2-phase TPC
Bubble-assisted liquid hole multiplier: LHM

Creating a local “vapour bubble” underneath a
“GEM-like” perforated electrode in liquid.

The electrode is coated by Csl photocathode.
BOTH: S2 e! and S1-induced ph.e! drift into the

bubble.
Erdal, 2018 JINST 13 P12008

E. Erdal Talk on Wednesday
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LHM-TPC Results in LXe

Controlled bubble formation & long-term stability

S2 E-resolution: 5% RMS for » 3000 electrons

Light yield: » 400 photons /e! /4p

PDE: aiming at » 15% §§  potentially lower threshold in DARWIN
LHM-TPC

| Reconstruction resolution 200t m RMS

Erdal, 2018 JINST 13 P12008
2019 JINST 14 P01028

NEXT:
20 cm dia. SIPM-LHM in LXe DARWIN DEMONSTRATOR
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Conclusions

e wme | | DARWIN longs for being the ultimate dark matter

search experiment detector : scratch the “neutrino oor”

Hiel i rezelon | A benchmark design is based on a dual-phase TPC read
t by PMTs, but the technology is in evolution and open to

possibilites:

F Many R&D activities are being carried out

F The R&D activities on Charge and Light readout
(WP5) have been presented here

F Other studies are ongoing to test different detector
designs

F Demonstrators are being constructed to assess the
reliability of the TPC technology at such large
dimensions (2.6 m on both linear dimensions)

F  Mechanical mock-ups will be realised

F Material screening will also be a big (and tedious!)
part of the job
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