The DarkSide-Proto
detector




Future detectors In the
DarkSide program
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DarkSide-Prototype DarkSide-20k
1 tonne 50 fonne
1 m2 of SIPM coverage 20 m2 of SiPM coverage

(2018 - ) (2022 - )



e Advantages w/r to cryogenic PMTs

* Very compact, much lower radioactivity

A full chain (development-production-packaging-testing) :'/"
strategy largely funded by Regione Abruzzo ol J

Light yield increase by 50%

Greater stability

Ten-fold reduction of costs per unit area
SiPMs love to run at LAr temperature!

» Custom 5iPM development for cryogenic temperature

SIPM to enhance LAr technology:
24 cme= single-channel detector
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ReD Experiment @ LNS

Si telescope€e
LAr-PSD

CHj targetf

* |rradiate a small LAr TPC with neutrons and produce recoils parallel or
orthogonal wrt the E field to test Columnar Recombination models

 Measure scintillation & ionization at variable recoil energy and E field
= Bonus: measure light and charge yield for low energy nuclear recoils

e A significant reduction in Qy uncertainty and “some” indication of the
underlying distribution of the number of ionization electrons at very low recoil
would allow significant improvement in the sensitivity at lower masses (1-2

GeV/c?)



ReD TPC

* Designed and built at UCLA
e Optimized for neutron beam tests
 Assembled at Naples CRYOLAB

* |n its dedicated LAr cryosystem




Photoelectronics

« RED TPC with SiPM based optical readout

« Higher PDE compared to PMTs

* Individual readout of top SiPMs provides
sub cm spatial resolution of the X-Y
position of the S2 signal, improving recoil
measurement

« Low noise at cryogenic temperatures

Two 5x5 cm? tiles
24 NUV-HD-LF rectangular
Lol
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lucational Product. For Instructional Use Only.

1-ton prototype




A scalable design: Motherboards
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From Photon Detector Module
to Motherboard

mock-up from INFN-BO/INFN-P]




Motherboard Is the basic modular unit;
Single MB TPC
June design (so-called Proto-Proto)

- ATPC to test the basic modular

o E—E = unit

i N W IO T e R RS - 25 top + 25 bottom r/o channels

Sy 3l | ] Ihcos - reduced drift length to avoid
pile-up
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- GOALS:

- electroluminescence field
uniformity

- gas pocket thickness uniformity
- S2 signal resolution
- XYy position reconstruction




A

Af/////////

DAY

N\

i\ B N
A

X
X

o

%‘

)

1ton prototype TPC

19 MB

370 PDM (
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DarkSide-Proto
@ CERN

1-ton TPC prototype of DS-20k
detector will allow:

e validation of the design of
mechanics and cryogenics of
the TPC

* integration tests of the custom
SiIPM-Photosensors and of the
full read-out electronics and
data acquisition chain




Phases of the Proto Project

s/ Proto O:

e Standalone test of cryogenic system concept; identification and preparation of
full readout and DAQ of 50 pre-production PDMs

= Proto |- “Proto-Proto”

e Design, construction and operation at CERN of R&D TPC equipped with 50 pre-
production PDMs (2 Motherboards);




Future Darkside Low-Mass Searches

= DS50 Expected Limit & "",,
— 0.7 mBq/kg *°Ar, 2 mBq/PDM" ~.
111 0.07 mBg/kg 39Ar 2 mBqg/PDM
= 10.007 mBq/kg *°Ar, 0.2 mBq/PDM ',,
—— NEWS-G 2018 LUX 2017 &
—— XENON1T 2017 — PICO-60 2017 &
PICASSO 2017 - . - CDMSLite 2017
—=— CRESST-IIl 2017 - - - PandaX-Il 2016
XENON100 2016 DAMIC 2016
-= = CDEX 2016 CRESST-Il 2015
. - SuperCDMS 2014 CDMSlite 2014
COGENT 2013 CDMS 2013
CRESST 2012 DAMA/LIBRA 2008

., Neutrino EFloor /N
1
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1 year data taking with DS-Proto




DarkSide future program

DarkSide-20k GADMC detector
a 20-tonnes fiducial argon a 300-tonnes depleted argon
detector detector
|00 tonneXyear background-free 1,000 tonnexyear background-free

search for dark matter search for dark matter

|7



