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XENON10  XENON100

2005-2007 2008-2016 2012-2018 2020-2025 2027 —
15 kg 161 kg 3200 kg 8400 kg 50 tonnes
15 cm 30 cm 26 cm 150 cm 260 cm

~10-43 cm? ~10-45cm? ~10-47 cm?2 ~10-48 cm? ~10-47 cm?2
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Fisicaf E, Aprile et al.,
“The XENON1T Dark Matter Experiment”,
40 EPJ C 77, 881 (2017).
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XENONI T world-best results 4

Excess Electronic Recoil Events in XENONI1T
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Fisica) E. Aprile et al., XENONAIT

“The XENON1T Dark Matter Experiment”, | [m——— I -
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(just an option, so far)

DARWIN LXe TPC Visualisation of DARWIN in Borexino WT




hext phase: DARWIN

DARWIN SCIENCE PROGRAMME

DIRECT DARK

MATTER DETECTION
NEUTRINOLESS

SOLAR AXIONS

DOUBLE BETA DECAY

136
XE DARWIN Collaboration
Eur. Phys. J. C 80, 9(2020)

\DéRWIN

/

LOW-ENERGY
SOLAR NEUTRINOS

GALACTIC ALPS,
DARK PHOTONS

DARWIN Collaboration,
Eur. Phys. J. C 80, 12 (2020)

COHERENT

NEUTRINO NUCLEUS SUPERNOVA

NEUTRINOS

SCATTERS

darwin-observatory.org

R&D phase

DARWIN TIMESCALE

Engineering
studies Commissioning
2022 L2l 2024-25 phase 2027

Constructi
2024 Onshrause - Start data
> taking

LETTER OF INTENT TO LNGS

\D/-‘_\RWIN

/7
The DARWIN astroparticle physics observatory
Letter of Intent to the Gran Sasso Underground Laboratory of INFN

August 23, 2019 (v2)
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Patent Numbers: U.S. 9,064,678, US-2017-0123084

Photocathode

Air

Electrodes

ome 72 S|

glass

*

|| Scintillating
HV

windowlet
Geiger-mode APD

Glass-glass sealing
® Indium-based evaporated seal

4+ major advantage over
Quasar & HPD

Principle

p.e. accelerated towards scintillator
windowlet (LYSQO)

4 L[yp=32y/keV —
Readout using SiPM (G = ~ 10°)

4 @ 25 KkV, assuming collection
efficiency n = 10% —~ 80 p.e.
4+ Total gain: > 108

Major advantages

all UHV-components are evaporated
4 production can be fully automated

field-shaping electrodes work as
getier

good timing

good pulse height separation

UNIVERSITA
DEGLI STUDI
DELL’ AQUILA

INFN



R&D on Photosensors: ABALONE 0

«  Consists of 3 monolithic glass components: A ™
base, dome and windowlet (industrially pre-
fabricated)

« Bonding with a thin-film alloy using specific
thin-film vacuum-sealing technique

UNIVERSITA
DEGLI STUDI
DELL’ AQUILA

<

« Absence of metal in ultra high vacuum
« High electric field (~25 kV)

« Sensor like SIPM needed to detect photon
signal coming from the scintillator
(windowlet)

AIR

PHOTOCATHODE

« Area gain: Im2-> 1cm?
nttps://arxiv.org/pdf/1703.04546.pdf

Developed by Daniel Ferenc and
produced by PhotonlLab, Inc.

nttps://arxiv.org/pdf/1810.00280.pdf N
~erenc... Ferella, et al. wiNDowLET — T opTcaL GRese

PHOTOELECTRONS

ULTRAHIGH
VACUUM

BASE PLATE




R&D on Photosensors: ABALONE ]

Low costs once 1n mass production (Goal: ~ New technology: Needs be tested under
< 50008% / m2) different conditions UNIVERSITA

DELL AQUILA

High electric field required
(High voltage of 25kV, but similar to TPC)

Low level of radioactivity
due to absence of metal parts

INFN

Has to be combined with another light
detector like a S1IPM

Low after pulse rate due to high field —>
lower 10nisation cross section
(AP rate of 5*10-3 1ons per pe)

Very low dark count rate Lower energy resolution than a S1PM but

better than a PMT
R11410-20 PMT | VUV-SIPM | ABALONE
Sensitive area [mm?] 3216 100 9503
Dark count rate / mm?* [Hz] 0.02 | 0.001
Operating voltage [V] 1.5 % 10? 25 25 x 10°
Gain at operation voltage 5% 10° I x 10° 1 x 10%
Quantum efficiency [%] 35 15-18 35
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S1PM Tested and calibrated (DAQ ready) SiPM coupled and optical fibre installed
READY to start extensive tests!

¥ 1200 A
3 —— PE1 at 4.58 ADC x us UN
5 —— PE2 at 8.60 ADC x us DEGLI s TUDI
© 1000 4 DELL’AQUILA
g , PE3 at 12.72 ADC x us
g - PE4 at 16.87 ADC x us
€ 800 \ PES at 21.02 ADC x us
| PEG at 25.15 ADC x us
R ! PE7 at 29 27 ADC x us
| PES at 33.43 ADC x us
‘ |
400 1 k F
200 14 /
j [ \ &//
01 - -
0 10 20 0 %0 50
area (ADC x us)

MC simulation to fully characterise
and 1improve sensor are ongoing
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R&D activity carried out

in collaboration with SU %tO.CkhO.lm
niversity



R&D on Photosensors: ABALONE

| 3

The ABALONE is proposed as the light detector for DARWIN

Proposed also for the DeepCore extension (lceCube) ggé%a%}
Simulations and ftests at room temperature in advanced S
stage C
Liquid xenon tests are planned (as soon as funds INFN
materialise)

Strategies to improve TPC electrodes with new concepfs
are In-line with such sturdy photo-sensor properties
People involved:
* Ferella A.D. (UnivAq) alfredo.ferella@aquila.infn.it
: Fulgione W. (|NAF/|NFN-LNGS) Grant presso Stockholm University

 D’Andrea V. (UnivAQ), Biondi R. (INFN-LNGS) INFN funds:
not yet submitted/discussed for DARWIN

Sottomesso PRIN 2020 su questo R&D




Magnetic Piston Pump:

efficiency Xe purification,

low Rn emanation

3D drawing In officina meccanica
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-> 3.4 t of Gd-sulphate-octahydrate;
(technology from EGADS-SK colleagues)

* Cerenkov light is seen by additional 120
PMTs placed in water around the cryostat;

e high-reflectivity foil to confine an inner nVeto
region with high light collection efficiency.
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N-fold coincidence



120 8” PMTs to dectCrenkov Iigt fromn-capture Inside a high reflectivity vIu arund the cryostat.
Under commissioning smce the tank has been fllled W|th deml-water |n December 2020

2000

Coincidence Rate vs Calendar Time

b ld-fold coincidence
® 8-fold coincidence
0 6-fo|d coincidence

Comcmlence rate vs t|me
(showmg Rn in water decay)
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R&D on neutron,veto 7

Gd-loading:
- higher energy: 2.2 -> 8 MeV gammas
- shorter capture time: 200 us -> 20 us
- higher n-capture and detection efficiency B
- lower rate of fake coincidences o

“See Interconnect P&ID”

Annex A2: P&ID of the Gd purification plant

GV71
Gd-Water purification plant: 3X » ...
Goal: maintain a large water transparency Gm,—

without removing the precious GdSalt. ?' @@ i 1

Easier from the environmental point of view |
(at least with respect to organic liquid scintillators).

deionizing resin Tank1 Detector, 700tons
\Y ball valve Tank2 collecting & mixing, 2tons
BCVx ball check valve
SVx proportional solenoid valve
NF  nanofilter

Primary responsibility of INFN groups. P iy

PF  particle filter
TOC total organic carbon removal unit

UF  ultra filter pump filter or ball
UV ultra violet (bacteria) _@_ E] membrane l>‘<]valve

R&D for future projects (e.g. DARWIN): Qemer Q) i ploliiide

from demi
water system

_’

GUF2 [~

5PF4
F flow
L1,L2 continuous level meter \ball check valve
P pressure
PT pressure transducer — | 5" piping
R resitivity

S (water) sample port e 1, ()" piping

Develop tools to further concentrate GdSalt e

the preceding G in front of all the labels is short for GdWPS

e {70010 N0 o ]

Improve photosensors: QE, radioactivity, timing. [? [? [? [?

@

<9
<3

\ 4

Fast (1ns sampling ?) Readout Electronics



