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Dark Matter

Several indirect observations:
- Galaxy clusters

- Galactic rotation curves

- Weak lensing

- Strong lensing

- Hot gas in clusters

- Bullet Cluster Do Enery

- Supernovae
- CMB
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Dark Matter

Several indirect observations:
- Galaxy clusters

- Galactic rotation curves Dark Matter
- Weak lensing

- Strong lensing

- Hot gas in clusters

- Bullet Cluster Do Enery
- Supernovae
-CMB
collider production
The Dark Matter particle properties: % D q
- It is stable
- It interacts through gravitational force
- It is electrically neutral direct
: Q detection
- It does not interact strongly
- It may interact weakly
- It should have a directionality \ .
WIMPS: freeze out, indirect detection

Weakly Interactive Massive Particles
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Direct Detection Requirements

Large masses
e Low rate (~1 event/ton/yr
@ 10’ cm? in noble liquids)

Low energy thresholds
e Low energy nuclear recoils
(< 100 keV)

Background suppression

e Deep underground

e Passive/active shielding

e Low intrinsic radioactivity

Heat

Al2O3z: CRESST-|
ROSEBUD

Bubble
cham‘bers

C,El, Br:
. PICASSO, COUPPR,
* PICO, SIMPLE st
Ge: Texono, CoGeNT
CS,,CF4,3He: DRIFT
DMTPC, MIMAC LXe: XENON
Ar+CoHg: Newage LXe: PandaX
LAr: DarkSide

Directional LAr: ArDM
Charge detectors R&D

e Gamma background discrimination
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Light

Nal: DAMA/LIBRA
Nal: ANAIS,
SABRE, DM-Ice
Csl: KIMS

LXe: XMASS
LAr: DEAP/
CLEAN




Current status of the Dark Matter Hunt
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Noble liquids

Dense, relatively inexpensive, easy to purify (scalable to Large Masses)

High ionization (W~20 eV)

High scintillation yield (~40,000 photons/MeV)
Transparent to their own scintillation

High electron mobility and low electron diffusion
Discrimination: ionization/scintillation

Liquid Xenon
High intrinsic radio-purity

Liquid Argon

Discrimination: ionization/scintillation + PSD

Intrinsic contamination from 3%Ar
(it can be depleted)
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Depleted Underground Ar

arXiv:1204.6011
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9 = Atmospheric argon 3%Ar B decay
E. " Underground Argon  Q-value: 565 keV
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Depleted Argon Spectrum @Surface, No Veto

Depleted Argon Spectrum @Surface, Muon Vetoed

39Ar Depletion: >150

Depleted Argon Spectrum @KURF, No Veto

Normal Argon Spectrum @KURF, No Veto
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DarkSide-50
@LNGS

Double-phase Liquid Argon TPC

The DLAr-TPC technique is also foreseen

for future large-scale neutrino detectors:

(different energy range, different charge readout
system, etc...)

WA105 demonstrator @CERN
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Micro TCA crates (12)
for charge signal

HV power supply acquisition electronics

(-300kV/-600kV/-1MV)

Top insulation cap

Reinforced concrete
outer vessel \
GRPF-Plywood

20m d ri ﬁ‘_ 1.2m passive insulation

2nd barrier

P
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The DarkSide Collaboration
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The DarkSide Guidelines

Background suppression Residual background identification
Ultra-low background materials Background Identification

- Depleted Liquid Argon - Pulse shape Discrimination

- Low background photo-detectors - lonization/scintillation ratio

- Low background material components - Neutron flux with the Borate scintillator

- Position reconstruction
Active Shields

- Water Cherenkov against muons

- Borate Scintillator against muons and n
- Multiple scattering with the TPC

DarkSide-10 DarkSide-50 DarkSide-G2
2011-2013 2013-201x 2016-2020

)
)

Main goal:
a bg-free experiment

)

Staged approach:
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DS50 Detector design

At Laboratori Nazionali del Gran Sasso, LNGS, Italy ——

LAr TPC
36 cm x 18 cm radius
50 kg LAr (36.9 kg fiducial mass)
19 + 19 3” PMTs
Uniform Electric Field (200 V/cm)
~1 cm Gas Pocket
Extraction Electric Field (2.8 kV/cm)
Reflectors and TPB coating

Outer neutron veto
Liquid Scintillator (1:1 TMB + PC)
110 PMTs (LY = 0.5 pe/keV)
30 tons, 2 m radius

Water Cherenkov detector
80 PMTs
1 kt water, 5.5 m radius

Veto’s Rejection Efficiencies:
> 99.5% against Radiogenic neutrons
> 95% against Cosmogenic neutrons
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Detection signature

lonization P Excitation P

Electrons r+ Ar’
r +

A
5'— Ar A
AT _
Singlet | Triplet

Recombination P
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S2/S1 Ratio
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The Pulse Shape Discrimination
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DS-50 TCP commissioning

Taking data since
Oct 2013

First physics results arxiv:1410.0653 (submitted to PLB)
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The 3°Ar spectrum

39Ar End-point
965 keVe.

|

.

10!

Currently running with
Atmospheric Argon (rich in 3°Ar)
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Understanding the TPC

APC, IPHC and LPNHE are leading the simulation group:

- Development of the full Geant4 simulation of the detector (particle
tracking, optics)

—> Electronics simulation

—> Calibration
The internal optics description
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Few percent accuracy, after the tuning of 36 optical parameters
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Understanding the TPC

The recombination model (for PSD)

Excitation P

- Ar 12000

lonization

14000

Electrons
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Electron Recoil calibration

Presently running with
Atmospheric Argon

Gaseous 33MKr injection:
41.5 keV peak
HL~1.8h

[
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1077

Events/livetime/ (10.0 PE)
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10°¢

Average Light Yield:
~ 8.0 pe/keV at null field
~7.1 pe/keV at 200 V/cm
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Calibration with other sources is
currently ongoing
>Co, 133Ba, neutrons...
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Nuclear Recoil Calibration (SCENE)

Need to study the response of the TPC to single nuclear recoils (expected from WIMPs)
SCENE Scintillation Efficiency of Nuclear Recoils in Noble Elements
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Neutron calibration in large detectors can be affected by multiple interactions of neutrons
SCENE has collected extremely pure samples of single nuclear recoils in a small TPC resembling
DS-50 TPC design. We opted to use SCENE data @ 200V/cm
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The first results (42.7 days)

PSD parameter: f90 = fraction of S1 in the first 90 ns arxiv:1410.0653
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Corresponding to 20 years of DS-50 with Underground Argon
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Discrimination comparison

LAr = PSD disrimination
(S2/51 not yet used)

No events close to the nuclear
Acceptance curves
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o arxiv:1310.8214 LUX calibration
R . . ' r T T

(a) Tritium ER Calibration

log ] 0(82b/S1) X,y,z corrected
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20 30 40 50

GdR Neutrino 2014 - Marseille S1 x,y,z corrected (phe)
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Present Limit and Projection
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DarkSide G2

~3.8 ton: Active Uar mass.

~4.8 ton: total Uar mass.

30 ton boron-loaded liquid Scintillator Veto (LSV).
1,000 ton ultra pure water (WT).

The same outer veto sphere
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Exploiting Directionality
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Expected seasonal rate modulation

Sredis and directional signature
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Directionality

Less recombination

S1is different if the electric field is 1‘
parallel or perpendicular to the nuclear recoil El A A 'I;-_ =2 _1; A
(in LAr Only) Ar Ar Ar Ar

Some weak hints of this effect in
LAr observed in SCENE

N P cd joq
This effect might strengthen the o o o o
significance of few WIMPs candidates if they
will be observed in DS-G2 Angular dependence from SCENE

d
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57.2 keV
Parallel to E;

—— Perpendicular to E;

ANR pre-proposal submitted

(APC, LPNHE, IPNO, IPHC)

—> Building of a small TPC

— Study directionality with tests at IPNO
beam
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http://arxiv.org/abs/1406.4825
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Conclusions

The Liquid Argon TPC is promising technique for a large detector
for direct Dark Matter search:

DS-50 taking data since Oct 2013 (first results in ArXiv:1410.0653)
PSD is an effective background rejection technique

Extended calibration phase presently ongoing

Underground Argon expected for beginning next year

French groups are active with leading roles in DarkSide

Darkside-G2 design under discussion

26/11/14 GdR Neutrino 2014 - Marseille
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BackUp
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Present Limit and Projection

Present Limit
6.1 x 10 ecm? at 100 GeV/c

(LUX: 7.6x1074¢ cm? at 33 GeV/c) 10**
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G2 projected sensitivity
Assumptions:

5 yearsrun

3.6 ton (Fiducial Volume)
LY 8.0 pe/keV

NR Quenching from SCENE
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Detection technique

The electrons are extracted into the gas
region, where they induce

electroluminescence (S2)
2. F 107
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The time between the S1 and S2 signals gives
the vertical position

26/11/14 GdR Neutrino 2014 - Marseille 30



Main Backgrounds to the WIMPs search

Underground
Depleted Ar \-
(DAr) & AN Outer
Electron _I.--T'] Nuclear Neutron
Recoils Recoils veto

. 2
~30 evt/m /day

igAr ‘
~10 evt/kg/day
, Y
~10 evt/kg/day

Pulse shape
discrimination
(PSD)

Radiogenic n
~6x10 evt/kg/day

a
~10 evt/m7day

RS RO U,

sop11a 130, 200] keV,.; WIMP Rate. 105t evt/kg/day (100 GeV, 10*°cm?)
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Outer Neutron Veto

4 m diameter, 1:1 TMB + PC
Instrumented with 110 8” PMTs

Liquid scintillator allows coincident veto of
neutrons in the TPC and provides in situ
measurement of the neutron background rate

14C content (~10°13 14C/12C, ~120kHz) is too
high (~98% efficiency) to achieve design
efficiency (~99.5%).

The current TMB will be replaced with new
low 4C TMB.
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log ’ 0(32b/S1) X,y,z corrected

LUX WIMPs search
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The Pulse Shape Discrimination

Light Emission via Excitation
e+ Ar— Ar*+e

Ar* + Ar —» An*

Ar* — Ar + Ar + photon

Light Emission via lonization
e+ Ar — Art+2¢

Art + Ar+ Ar —» Ant+ Ar

e + At — Ar** + Ar

Ar** + Ar —Ar* + Ar + heat

Ar* + Ar + Ar — Aro* + Ar + heat
Ar* — Ar + Ar + photon

=N

lonization P

Electrons Ar*

Recombination P
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Singlet | Triplet

Q l
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DS50 TPC

< 19 PMTs

Gaseous Argon Volume

Height=~1cm
E=2.8kV/cm

Liquid Argon Volume
E=200V/cm
<« 19 PMTs

All the walls are covered with WLS + reflector

36 cm
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PSD extrapolation in DS-G2

110 PE < S1 <115 PE
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