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<3 DarkSide-50

DarkSide-50 is

 a 50 kg dual-phase Liquid Argon TPC

« Using Underground Argon: depleted in 37Ar

* In a 30 ton borated liquid scintillator neutron veto
* Ina 1000 ton Water Cherenkov Veto

* Underground in Gran Sasso National Lab, Italy
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DarkSide-50 Performance

S1 and $2 Yields:
« S1Yield ~7.9 pe/keV at null field

« Sl Yield ~7.0 pe/keV at 200 V/cm at 41 keV,

« Light collection efficiency ~ 16%
* |onization Work Function ~ 23.4 eV
« S2vyield ~23 pe / e-

Electron lifetime > 10 ms

Maximum drift time: 376 us at 200 V/cm

Drift velocity: 0.93 mm /us

Position reconstruction:
e ResolutioninZ~1T mm
« Resolutionin XY <1 cm

39Ar depletion factor in UAr ~1400 (~0.7 mBg/kg)

Full characterization of the detector response

Events / [50 PE x kg x s]

with Monte Carlo (JINST 12 (2017) P10015)
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Advantages of Using Argon

High Mass WIMPs: > 20 GeV/c?

Range: 45-200 keV,,

S1 and S2 signals

Excellent Pulse Shape Discrimination
Background free (<0.1 events)
analysis

,~38 kev; Atmospheric Argon ~206 kev,
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Low Mass WIMPs: < 20 GeV/c2

dR/dE [counts kg day ' keVT]

Range: 0.7-15 keV,,

lonization signal only

Profile Likelihood Analysis

Lighter nucleus, larger recoil energy

T T TT \\\\\‘

0p= 10% cm?

--%-- Xe: M, =2 GeV/c?
--%-- Ge: M, =2 GeV/c®
-%-- Ar: M, =2 Gevic? |
—f— Xe: M =4 GeV/c2§
—— Ge: M =4 GeV/c?]

—f— Ar: M =4 GeV/c®
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Nuclear Recoil Backgrounds

Neutrons Alpha’s

neutron

Background rejection:

« TPC: multi-scatter

« LS Veto: efficiency from Am-C for
TPC single-NR: 0.9964+0.0004

«  Water Cherenkov Veto

* Neutrons in data counted

Background rejection:

« Small fraction at low energies

« Self-vetoing in DS-50!

« Small or no S2

« Long S2 tail from TPB
fluorescence

Energy [MeV]

X

X

S
d

4.5 5 5.5 5
F E —_ ; .
[ . _——— .H".’ —|— Data
017 n+ 0B — o + 7L} Data - ‘; 3 .
C 1.4 ; : ““po
o osl Me = - Degraded: }
. — - 232
C % 1.2  under TPB ! Ra
L i s 4 \ # _—
0.06(— = o Re Tt "
r | == # Yyt Full enen
C - .
0.04 . # - & v 1 A LAr
- n + 1OB—>O(.+7L| +Y E 0.6— ot | | ] *
= § | ,
0.02 0.4}— “’,v” i‘f . )\
,_“00.00«' \ J ;
= - J \
0.2 \ # \
0 ,' P sttt b 1 PR - 0...‘-.- 4
Eov v b v b b e b b b b b 0 PP T M| M e =
0 50 100 150 200 250 300 350 400 450 500 30 3s 40 45
Energy [PE] S1 |PE)
5

Davide Franco — APC Paris



Electron Recoil Backgrounds

Internal 37 Ar and &°Kr Cherenkov
External gammas

Fused Silica
Ar gas pocket

L=~ ey

1S v Fused Silica
! Ar gas pocket
S$1

it vy

LAr ) LAr )
15— .560'. T T T T T Fu'sed!ca!ere!m!(} 'Tefb!cr!nl!BG'
Snecgy
Energy [keV] 8 T - J
Background rejection: \g j;:
« Underground Ar 2
« $1 fraction in max PMT § o
« PSD: fgy = S1 fraction in first 90 ns i |
* Design cut to reduce ER to <0.08 " i

event of background

£90
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High Mass: Blind Analysis

Energy [keV ]
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High Mass: Background and Acceptance

Expected background

Background Events surviving all cuts

Surface Type 2 0.00092 £ 000004 Goal <0.1 events
urface Type . + 0. . .

Radiogenic neutrons <0.005 achieved: open the

Cosmogenic neutrons <0.00035 box!

Electron recoil 0.08+0.04

Total 0.09 +£ 0.04

WIMP Acceptance

Energy [keV ]
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High Mass: 0 events

Energy [keV ]
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High Mass: 0 events

Energy [keVa:]
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Low Mass: Ionization Signal Only
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Low Mass: Electron Recoil Scale

Excellent low-energy ER
calibration peak from 37Ar
(t,, =37d).

37Ar lines
E=0.27keV —= Ne =11
E=28 keV —=Ne=4779

83mKr line
E=41.5keV — Ne ~ 350
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Events / [0.5 N_ x kg x day]
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Low Mass: Nuclear Recoil Scale

AmBe AmC
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AmBe neutrons selected in with AmC (alpha,n) reaction

coincidence with 4.4 MeV gamma
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LICORNE: inverse “Li(p,n)’Be

LICORNE is ideal because: [ ) ‘

- Pulsed (1.5 ns width) - Data ' | RMS ~0.085 MeV
- Monochromatic o.s— MC 'l Mean ~1.450 MeV
- Collimated F "

- Emits also correlated 478 keV gammas 0'6_-_

But 0.4 ! L

- Close to the reaction threshold (~13.096 MeV) : P

- Need specific calibration at each run 0.2 ;|

oL I {ner ’-,?‘; .v‘._. i NPT, o)

neutron
detectors

outgoing

neutron LATr TPC

top PMT array

uclear/~"

bottom PMT
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ARIS @ LICORNE

- ~0.5 kg of LAr

- PTFE reflector with TPB coated surface

- 7 Hamamatsu 1’’ PMTs on top, one 3’’ PMT on bottom

- Ability to create a gas pocket for dual-phase running

- Anode/Cathode created with ITO plated fused-silica windows

- Grid 1 cm below the anode provides bias for electron extraction
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ARIS Performance
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ARIS Results at Field Off

ARIS

MicroCLEAN

W. Creus et al.
SCENE

-

Mei model

> -

II[II]IIIIIIII|l|I||II]I|IlIIIIIII|IIII|IIII

Lindhard model /

oo 1

First experimental proof
of the linearity of the
LAr scintillation at
field off at 1.6% level
(90% CL) between 40 and
500 kev
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Low Mass: Nuclear Recoil Scale
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Low Mass: Background

E [keVnr]
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Low Mass: Results

Assuming quenching a
non-stochastic process

Assuming binomial
quenching fluctuations

Changing model from WIMP-nucleus

Dark Matter-Nucleon Oy, [cmi]
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to WIMP-electron inferaction, and

assuming heavy mediator
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The Global Argon Dark Matter Collaboration

S DEAP-3600e

# A 4 | .

7
' DarkSide-20k

DEAP-3600 data

MiniCLEAN
.,";-’:‘.\‘;" "

CERN Neutrino Platform
joined DarkSide-20k —
many synergies with DUNE DS-20k collaboration
(DS-20k cryostat will be 350 scientists

the same of protoDUNE) 13 countries
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Down to the Neutrino Floor

Dark Matter-Nucleon oy, [cm?]
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DUNE-like cryostat
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“Naked” TPC, enveloped in an
acrylic vessel

e e

Underground argon
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P FBK SiPM

Surface: 50x50 mm?
In order to contain the number of
channels. Foreseen number: 5210

PDE: 2 40% 7

Higher PDE wrt Hamamatsu PMTs

together with higher active area | |

coverage will boost the light
yield.

Overall Noise Rate: <0.1Hz/mm?
DCR+TCN+BN <250Hz/PDM = SNRppm > 8|

Higher rates would impact on
trigger efficiency and PSD power.

Side View
T E T

Time resolution: O0(1l0ns)
Necessary to keep the ER/NR
discrimination power with fprompt.

Dynamic Range: 2 50PE
Precise S2 reconstruction.
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FBK 51PM

DS-20k requirement SiPM tile (PDM)
5x5cm? 24cm? prototype /
25cm? final PDM
Power dissipation <250mwW ~170mW /
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Underground Argon
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The DUNE cryostat and the veto

Main sources oftngutrons removed (PMTs and steel cryostat close to the TPC)

Ive mMass

.

larger act

Nowaste of UArbetween the TPC and the cryostat
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DS-Proto: 1-ton prototype

DS-Proto

an

long T “-"‘ \\1.\,
Test of the DS-20k technology: ol
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P : DarkSide Program

20- 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

DS-50

DS-Proto

DEAP-3600
DS-20k
GADMC

GADMC
- 400 tonnes detector

- Background-free (<0.1 background events)
in the high-mass WIMP range

- Possible location at SNOLab: lefter of intent
for collecting and stocking UAr at SNOLab

- Additional strong physics case with CNO
solar neutrinos
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x 400 tonne x yr]

Events / [10 keV

Potential in CNO neutrinos
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Below the neutrino floor? Directionality!

An hint from SCENE

g 1.15¢
~ - 57.2 keV
9 1.F -
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Drift electric field [V/cm]

Directional signature by looking at recombination effect variation as
function of the track orientation with respect to the direction of
the field
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Conclusions

Best limits below 5 GeV: Phys. Rev. Lett. 121 (2018) 081307

Improved limits in the sub-Gev region: Phys. Rev. Letft. 121, 111303 (2018)

0 background in the high mass region: arXiv:1802.06994 (submitted to PRD)

A Single (Unique?) Global Program for Direct Dark Matter Searches
ArDM + DarkSide + DEAP + MiniCLEAN

Currently taking data: ArDM, DarkSide-50, DEAP-3600
Next step: DarkSide-20k at LNGS (2022-)
Intermediate step: DarkSide-LowMass at LNGS (2020) ¢

Last Step: 400 tonnes detector, location t.b.d (2027-)
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Back Up
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NR S2 Fluctuation

WiMP =ass 1.00 GeV

— Binomial + 10 82; P(>4Ne)=0.412e-3

— Poisson 4 10 S2; P(>4Ne)=0.834e-3
Binomial + 20 82; P(>4Ne)=1.072e-3

105 , Calcuation of model without any fluctuations
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