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http://www.nature.com/nature/journal/v458/n7238/full/458587a.html

WIMP direct detection

Recoll energy spectra

WIMP
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WIMP Dark Matter

Leszek Roszkowski et al. arXiv:1707.06277v1 oMSSM predictions for
BayesFITS (2017) different neutralino compositions

BayesFITS 2014

LUX (2016) —— excluded region
XENON-1T (2017) ——

XENON-1T (proj.)
Neutrino background = === -

neutrino floor

SUSY models predict high mass and low cross section WIMPs

(even below the neutrino floor, i.e. where CENNS from solar and atmospheric neutrino becomes a background for DM)
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WIMP Dark Matter

Leszek Roszkowski et al. arXiv:1707.06277v1 oMSSM predictions for
BayesFITS (2017) different neutralino compositions

BayesFITS 2014

SRSCUL Il <X Cluded region
XENON-1T (2017) ——
XENON-1T (proj.)
Neutrino background = === -

DarkSide
program

neutrino floor

DarkSide program aimed at reaching the neutrino floor in ~10 yr



The DarkSide program at LNGS

A scalable technology for direct WIMP search:

2-phase low background Argon TPC

technical prototype sensitivity sensitivity
no DM goal 1() 45 M2 e _Oj47‘c~m2
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Liquid Argon as DM detection medium

ontra

e Favoured by form factor for high recoil ® |[ntrinsic 3%Ar radioactivity (1 Bg/kg) in

energy "golden events™




DarkSide design: how to defeat background

> |[dentification:
 ER/NR discrimination using PSD
* ER/NR discrimination via S2/S

3D reconstruction of interactions
(rejects y and surface bkgs)

> Passive suppression:
* |sotopically depleted Argon
* Low radioactive materials




DarkSide-50

- ER/NR Discrimination :

e PSD vs. S1 for 1422 kg d
AAr exposure

e 1.5x107 ER events from 32Ar
activity in AAr and Zero NR
events

PLB 743, 456 (2015)

e Background-free UAr ] 1 (ot
expasiiie: 5 5 lap Vi

AAr pData at 200 v/cm
(LsV Anti-coinc.)

UAr bpata at 200 v/cm

« Suppression: AAr Vs UAr TR (Global i)

e ¥y (Global Fit)

e Underground argon (UAr):
150 kg successfully
extracted from a CO2 well
in Colorado
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39Ar in UAr
< 1 mBq/kg

PRD, 93 (2016): 081101 (R)

e BOAr depletiOn factor >1400 - 2000 5000 4000 5000 6000
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Scaling up towards the neutrino floor:
next stage world Argon program

LAr high discrimination power + depleted argon allow for the several
hundreds ton yr background-free exposures needed to reach the
neutrino floor

e DarkSide

; DEAP-3690 > DarkSide-20k ~» multi 100 ton




Darkside-20k sensitivity

arXiv:1707.08145

Sensitivity saturates at very large exposures (>2000 t yr) due
to CENNS from atmospheric neutrinos 1




DarkSide-20k

30 ton total, 20 ton fiducial,
dual phase TPC, underground
argon

inside a liquid scintillator active
neutron veto

INnside a 15m diameter 16m tall
water tank, as active muon veto

15m? SiPM sensors (radiopure,
iIncreased LY, essential to keep
PSD threshold low)

Scalable design for application
to larger scale detector

Start of operation in 2021

100 ton yr background-free exposure
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DarkSide-20k
lmpegno finanziario ~ 65M€

Fondi richiest] Fondi allocati




Two key technologies

Research & Innovation projects stemming from
DarkSide
)~ ‘ e Cryogenic SiPMs
,M * DarkSide-20k @ Abruzzo funded by FSC
2014-2020 Programma RESTART 2016 (15M€),

Masterplan (5M<€)

A

* Liquid argon target depleted in the radioactive N




From DarkSide-50 to DarkSide-20k

38 3" PMTs 13 m? of SiPMs
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Why transition from PMTs to SIPMs”

* Higher photo-detection efficiency
* Better single photon resolution

* Lower background

e | ower cost

* High dark rate

 Small area — large number of
preamps/cables/feedthroughs

* High capacitance per unit area



Requirements for DS-20k
ohotodetector modules

pulse shape discrimination practical constraints

+ Detection efficiency > 40% * Operation af 87 K

+  Timing resolution < O(10) ns + 5x5cm?area per channel
Dark rate + noise trigger rate + Power dissipafion <250 mW

< 0.1 Hz/mm? l

SNR>7
All requirements met and surpassed
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24 cm*single-channel detector

R&D phase concluded, with
some minor steps to be

finalized

I
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6 cm?

6 cm?

6 cm?

From prototype to production -
ongoing work

FBK NUV-HD-LF SiPMs with
optimized form factor and
performance improvement
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Low-background packaging
R&D

e DarkSide-20k @ Abruzzo

arXiv:1706:04220

* SiPM large scale production | | !
in INFN selected foundry ‘= &

Dedicated packaging _jd \,J v M
facility at LNGS:
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Nuova Officina Assergi




Nuova Officina Assergl

Un hub tecnologico interno a LNGS e aperto al territorio
= Infrastruttura industriale e di ricerca

NOA: Facility di
assemblaggio e test di
fotorivelatori
Screening di Materiali

Microelettronica e Packaging

Laboratorio di Elettronica
Criogenica

Servizio di Meccanica
Avanzata
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DarkSide-20k @ Abruzzo







DS-20k UAr target: URANIA

® Extracts argon from CO,
® Doe Canyon Kinder Morgan Facility, S
Cortez, CO, USA Gy -
® Same source as DarkSide-50 target )( P )
® Production: o
» 100 kg/day (
» 99.9% pure e

Remove most CO, Scrub rest of CO, Separate CH,  Separate N,
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DS-20k UAr target: ARIA

® 350 m distillation column
® Capable of isotope separation through distillation

® Noble gas isotopes have different vapour
pressure (i.e. non zero relative volatilities)

® Final argon purification for DarkSide-20k
® Can further deplete UAr of PAr
® Located in coal mine shaft in Sardinia
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ARIA Seruc

Seruci | Column
30 cm diameter
350 m height

§

FETE

Seruci Il Column
150 cm diameter
350 m height

F. Gabriele

Plants

e Seruci-l will remove chemical

impurities in UAr to 0.25-1ppm
level at the rate of 1 ton/day

= Pilot Plant to demonstrate
iIsotopic separation feasibility

e Seruci-ll (yet to be funded)

could perform a step of isotopic
purification for UAr further
suppressing the 3°Ar content of a
factor 10 per pass (150 kg/day)

= for future DM projects

24
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Production and Leak lest

Polaris (Misinto), CERN (Ginevra), Seruci (Sardegna) .
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Portugal; ! Greece

Polaris: Production site, individual parts Leak check test and the Sl installation;
CERN: Global leak check test of the fully assembled modules;
Sardegna: Final destination: Seruci-0 & 1 installation, testing & operation.




Test 1 — Column module 1
June 2016 - Building 180

Test 2 - Top&Bottom
August 2016 - Building SMI2
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ARIA at CERN

N

Test 3 — Bottom cryo test
March 2017 - Building 183

L. Mapelli




FERRPETT
Test 4 — Series modules 25-28 |
April 2017 - Building 185

ARIA at CERN

N

Test 5 — Series modules 21-24
May 2017 - Building SMI2

L. Mapelli



Current Status

Full tower - 30 modules

Seruci-0: First 3 Modules

 TJop Module (Condenser) ¥ built and tested

* Bottom Module (Reboiler) v built and tested
 (Colum Module #1 v built and tested

Seruci-l: remaining 27 Modules

4 Modules from #28 to 25 v built and tested
4 Modules from #24 to 21 v built and tested

* Other 19 Modules will be produced and tested by the first quarter of 2018

@ CERN with other equipment and devices, ready to be shipped to Sardinia

L. Mapelli
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Broader Impact

* ARIA Project: PAr-PAr separation by distillation
e Application to the separation of other stable isotopes
+ Attention focused on °C, "N, and 'O
 Industrial applications in medical diagnostics, energy production, ...
» Bringing together science and industry to drive innovation-led economic growth

* Mine closure plans have resulted in the collaboration of CARBOSULCIS,
local government, investors, to identify the alternative use of the mine site

* Repurposing the mine site can take advantage of existing infrastructure
and contribute to the local economy after the mine has closed down

33



lechnology

e Engineering PSA
e Energy Gas & Qil

e Enriched Stable Isotopes
e Radiopharmaceuticals
e Nuclear Power Plants

e Medical Diagnostics T Wi
e Automotive o -
e LiDAR
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