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DarkSide Program: Status

® Program to develop null-background DM searches
with sensitivity extending to 5% 047 cm?

® DarkSide-50 (2% 10* cm?)
® Funded by DOE, INFN, NSF

® DarkSide-G2 (5% 10* cm?)
e R&D funded by NSF (NSF DCL, May | 2012)
® R&D requested to DOE (G2 FOA, Jul 6 2012)
® R&D to be proposed to INFN



DarkSide Infrastructures

® Under construction, as part of DarkSide-50, and to
be completed in Fall 2012:

® |,000 tonnes water Cerenkov muon veto
® 30 tonnes organic liquid scintillator neutron veto

® two Rn-free clean rooms for final preparation of
detector

® All facilities built to be able to house DarkSide-G?2
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Dark Matter Evidence
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Dark Matter
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Dark Matter

ELEMENTARY Known DM properties

PARTICLES

* Gravitationally
Interacting

Force Carriers

% ; * Not short-lived
'E%_ il
o EdV:AY: * Not hot
| O | ,
Three Generations of Matter Py N Ot ba ryc n I C

Unambiguous evidence for new particles

J.L. Feng
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Direct Detection
Requirements

Low energy nuclear recoils (< 100 keV)
Low rate (~| event/ton/yr for 104/ cm?)
Background, background, background

Detector designed for discovery
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DarkSide
A scalable, zero-background technology

® Pulse shape of primary scintillation provides very powerful

discrimination for NR vs. EM events:

Rejection factor =108 for > 60 photoelectrons:

theoretical hint from Boulay & Hime, AstropartPhys 25, 176 (2006)
experimental demonstration from VWARP AstropartPhys 28, 495 (2008)
recent confirmation from DEAP

® |onization:scintillation ratio is a strong and semi-independent
discrimination mechanism:

Rejection factor =10%-103 (Benetti et al. ICARUS) 1993; Benetti et al.
(WARP) 2006)

® Spatial resolution from ionization drift localizes events, allowing
rejection of multiple interactions, "wall events", etc.

® Underground argon
Production and refinement demonstrated in Princeton & Fermilab
Rejection factor = 100!



2-Phase Argon TPC

Top
Photomultiplier array

Gas pocket
(Quartz)

Gas Argon i

uobuy pinbiT

Liquid Argon

Quartz window

Bottom photomultiplier
array




2-Phase Argon TPC

Anode;

gas pocket contained in
~ fused silica dome, coated
< with conductive, UV
‘ _ \ transparent thin film (ITO)
Grid:

extraction of
drift electrons

An Field-shaping rings:
~ production of uniform
electric field (1 kV/cm)

S ——————— Cathode:
\fused silica plate coated
with conductive, UV
transparent thin film (ITO)




2-Phase Argon TPC

. . . . To maximize collection of UV
_ |28nm light produced in the
‘ | \ scintillator:

e reflector on the side surfaces
and in between PMTs

¢ all inner surfaces coated with a
high-efficiency wavelength shifter

(TetraPhenylButadiene, TPB) to
convert 128 nm photons into

visible photons (=400 nm)



S|

Nuclear and electron recoils produce ionization
and excitation along their track.

Excited Ary” are formed and their de-excitation
leads to the emission of scintillation light with two
separate components, fast and slow (associated to
Ary" singlet and triplet state).

The distribution of light on the two components is
very strongly dependent on dE/dx.

excitation

luminescence




S| Shape

Nuclear and electron recoils produce ionization
and excitation along their track.

Excited Ary” are formed and their de-excitation
leads to the emission of scintillation light with two
separate components, fast and slow (associated to
Ary" singlet and triplet state).

The distribution of light on the two components is
very strongly dependent on dE/dx.
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S| Pulse Shape Discrim.

Amplitude [arb)
Integral [photoelectrons]

= -350
8 10

sample time [us]

Amplitude [arb]
Integral [photoelectrons]

8 10
sample time [us]

High Light yield key for achieving high
rejection power at low energy




S2 Generation

[ e [l |

The ionization electrons surviving the
recombination are drifted towards the liquid-gas
interface (Edrite=1kV/cm).

A field of about 3 kV/cm is required to fully extract
electrons in the gas phase.

Electroluminescence in gas produces a secondary
scintillation signal (52) proportional to the
ionization signal.

The ratio S2/S1 depends very strongly on the
probability of surviving the initial recombination,
which, in turns, depends on dE/dx.




S2/S| Discrimination
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nuclear recoil
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Amplitude [arb]

for S1>35 p.e.
and acceptance=50%
rejection better than 102
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Drift Speed

The time difference between S| and S2
corresponds to the e drift time and it is used to
estimate the z coordinate of the interaction

(One=1mm)

drift distance

[ e [l |

........

l Edrift
Drift speed at 1kV/cm is about 2.2 mm/}s.

To drift for long distances (I meter) LAr must be
purified and kept clean during operations from
electronegative impurities (mainly O,) at a level of

0.1 ppb.

The drift length sets the maximum DAQ trigger
rate (‘‘dead time”)




3D Localization

Since S2 production occurs very close
to the top PMTs, the signal distribution
will be strongly not uniform and can be
used to locate the ionization event in

the x-y plane (O,,=| cm).

The time difference between S| and S2
corresponds to the e drift time and it is used to
estimate the z coordinate of the interaction

(One=1mm)

Very important to reduce surface background
and double interactions of neutrons




DarkSide-10
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UAr: Depletion factor >100

Underground Argon Measurements

AAr, @KURF
UAr, @Surface

UAr, @Surface, Muon Vetoed
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Underground Argon Extraction Plant




Underground Argon

® |00 of 120 kg collected, stable production at |/2
kg/day

® Funding of expansion of extraction plant
($1.1M) granted in FY'12



Cryogenic
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Princeton Prototype Cryogenic Distillation Column @ FNAL PAB




DarkSide-50

* New technologies for large background-free
exposure

e depleted argon
* liquid-scintillator based neutron veto

e water Cerenkov muon veto

* DarkSide-50 sensitivity 2% 10-% cm?

* Demonstrate potential of the technology
for multi ton-year background-free
sensitivity

e |nner Detector

* 50 kg UAr sensitive volume (cylinder 36
cm diameter and 38 cm high)

* |9+19 cryogenic high QE 3” PMTs

e Lateral walls of hii::h reflectivity
polycrystalline PTFE

* Design light yield 6 p.e./keVee
e Ready by fall 2012
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DS-50

water Cerenkov

. . active muon veto
- +
passive neutron
. Lr : - veto
o ‘ " "~

% O '
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- " . Liquid
- scintillator
active neutron
veto




Neutron Veto

® Neutron scattering are VIMP
background

® Surround DarkSide with
boron-loaded liquid
scintillator

® Equipped with |10 low bg 8”
PMT

e Efficiently detect neutrons and
veto associated nuclear recoil
backgrounds with >99.5%

efficiency

® Sized to accept multi-tonne
detector

® Sphere already installed inside
the Borexino CTF@LNGS










Muon Veto




Backgrounds

Electron Recoil

Radiogenic Neutron |Cosmogenic Neutron

Detector Element Recoil Backgrounds | Recoil Backgrounds

After Cuts After Cuts
1.8 45x10~° 23 | 1.4x107*
0.024 6.0x10~° 1.0x10°°
0.0024 6.0x10° 4.3x107°
0.31 7.8x104 2.0x10°°
19.4 4.9x10~2 2.0x107°
1.1 2.8x107° 13 | 7.7x107¢
0.030 7.5x107° 26 0.0015
0.023 5.7x107° —~ -

Backgrounds
After Cuts
<1x102
1.4x104
1.2x10°7
8.6x10~7
2.8x10°°
1.0x10~3
0.6x10°
2.8x10~8
1.0x10~3

Raw Raw Raw

2.5x107
3.6x10°
306
2,146
7.0x104
2.6x10°
2.4%x10*
70
2.5x10°

39Ar
Fused Silica
PTFE
Copper
QUPIDs
R11065 PMTs
Titanium
Veto Scintillator
Veto PMTs

Veto tank
Water

1.7x10°
6,100

6.8x10°
2.4x10°°
3.3x10°°

6.7x107°
6.7x10~4
3.5x10~3

1.7x10°7
1.7x10°6
8.7x10°6

19
19
0.068

0.0076
0.0076
2.7x10°°

CTF tank 8,300
LNGS Rock 020
Total -

1.5x107% | 0.31
0.0082 (0.056)| -

0.012
0.030 (0.030)

3.7x10~7 0.061
1.1x107% (1.2x1072) -

TABLE I: A summary of the expected electron- and neutron-recoil backgrounds in 0.1ton-yr of data from
DARKSIDE-50 before and after applying the background rejection cuts described in the text (all units are
events/(0.1ton-yr)). The 3°Ar rates are given for the gas collected at Cortez (depletion factor of 25 or more).
The “Total” row assumes the configuration with QUPIDs (numbers in parenthesis apply to the initial
configuration with R11065 PMTs). Note that the majority of the entries in this Table are based on limits on,
rather than measurements of, the radioactive contaminants in the different detector component materials.
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Management

‘ GLIMOS |< .| 1B Chairs |< -
INSTALLATION, AND SCIENCE AND

COMMISSIONING OPERATIONS
BRANCH

BRANCH

Steering
Committe Chair -

v v i

Operational Montecarlo Analysis
Manager Coordinator Coordinator

PROJECT TEAM

Project
Scientist

Project
Engineer

Project
Manager

4P

WBS & Working
Groups

; ! !

ANALYSIS

MC GROUP
GROUP

Project engineer: P. Lombardi
Project manager(s): An. lanni, D. Montanari
Project scientist: Hanguo Wang Steering Committee chair:Al. lanni
Operational Manager:A. Goretti
Montecarlo coordinator(s):

A. Cocco,A.Wright
Analysis Coordinator: L. Grandi




Engineering Group

® @ LNGS
® Andrea lanni
® Augusto Goretti
® Paolo Lombardi
® |Luca Grandi
® Federico Gabriele
o @ FNAL
® David Montanari
® Cary Kendziora

® Hanguo Wang



Element

1.1
1.1.1
1.1.2
113

1.2
1.21
1.2.2
1.2.3
1.2.4
1.2.5

1.3
1.3.1
1.3.2
1.3.3
1.3.4
1.3.5

1.4
1.4.1
1.4.2
143

1.5
1.5.1

1.8
1.8.1
1.8.2

Work Package
DS-50
DS-50
DS-50
DS-50
DS-50
DS-50
DS-50

Internal Detector
TPC
Field Cage
Cryostat

Outer Detectors
CTF/Infrastructures
Neutron Veto
Scintillator
Muon Veto
Calibrations Hardware

Electronics
Front-End
Digitizers

Cabling and Racks
Slow Controls
DAQ

Cryogenics
Gas Panel
Argon Liquefier
Argon Recovery System

Photosensors
PMT Tests

Underground Argon
Argon Extraction
Argon Purification

Definition
Project Manager
Project Manager
Project Engineer
Project Scientist

GLIMOS

Site Manager

Materials Qualification Manager

Level 2 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager

Level 2 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager

Level 2 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager

Level 2 Manager
Level 3 Manager
Level 3 Manager
Level 3 Manager

Level 2 Manager
Level 3 Manager

Level 2 Manager
Level 3 Manager
Level 3 Manager

Responsible
David Montanari
Andrea lanni
Paolo Lombardi
Hanguo Wang
Stefano Gazzana
Cristiano Galbiati
Alex Wright

Peter Meyers
Alex Wright
Jeff Martoff
Andrea lanni

Paolo Lombardi
Stefano Gazzana
Andrea lanni
Aldo lanni
Paolo Lombardi
Paolo Lombardi

Ed Hungerford
Marco Pallavicini
Marco Pallavicini
Attanasio Candela
Augusto Goretti
Cristiano Galbiati

David Montanari
David Montanari
David Montanari
David Montanari

Giuliana Fiorillo
Giuliana Fiorillo

Henning Back
Henning Back
Henning Back

Institution
FNAL
Princeton University
INFN Milano
UCLA
INFN LNGS
Princeton University
Princeton University

Princeton University
Princeton University
Temple University
Princeton University

INFN Milano
INFN LNGS
Princeton University
INFN LNGS
INFN Milano
INFN Milano

Univesity of Houston
Universita degli Studi di Genova
Universita degli Studi di Genova

INFN LNGS
Princeton University
Princeton University

FNAL
FNAL
FNAL
FNAL

Universita degli Studi di Napoli
Universita degli Studi di Napoli

Princeton University
Princeton University
Princeton University



Task
v 1) WBS 1.1 Inner Detector
» 1.1) TPC Mechanical/Optical
» 1.2) Field Cage
» 1.3) DAr cryostat
» 1.4) Inner Detector Assembly
» 1.5) Tests
v 2) WBS 1.2 Outer Detectors
» 2.1) CTF/Infrastructures
» 2.2) Neutron Veto
» 2.3) Organic Scintillator
» 2.4) Muon Veto
» 2.5) Tests
» 2.6) Clean Rooms
» 2.7) Calibrations Hardware
v 3) WBS 1.3 Electronics, Cabling, DAQ
» 3.1) Cabling and Racks
» 3.2) Front end electronics
» 3.3) Slow Control
» 3.4) DAQ Hardware
» 3.5) DAQ Software
» 3.6) Tests
v 4) WBS 1.4 Argon Supply and Recovery System
» 4.1) Gas panel
» 4.2) Argon condenser
» 4.3) Charcoal trap
» 4.4) Transfer Lines
» 4.5) Argon Supply System Tests
» 4.6) Argon recovery System
v 5) WBS 1.5 Photosensors
» 5.1) PMTs
v 6) WBS 1.8 Depleted Argon Extraction and Purification
» 6.1) Depleted Argon Extraction
» 6.2) Depleted Argon Purification
v 7) DarkSide-50 Operations
¢ 7.1) Start of Commissioning
» 7.2) Overall Contingency on Project Completion
» 7.3) Commissioning

Duration

84w 1d
62w 1d
42w
81w 1d
8w

8w
85w 1d
85w 1d
79w 1d
78w 1d
61w

4w

36w
40w
85w 1d
12w
51w
67w 1d
28w
56w
12w
70w 1d
41w 1d
43w
37w
10w 3d
18w 1d
47w
63w
63w
82w 1d
66w
82w 1d
61w

52w
9w

| Qtr 2 2011 I Qtr 3 2011 | Qtr 4 2011 I Qtr 12012 | Qtr 2 2012 | Qtr 3 2012 I Qtr 4 2012

—




DS-10 Summer 201 |

May 20, 201 | September 27,201 |



DarkSide-10
TPC

/ (top) + 7 (bottom)
RI1140 HQE
Hamamatsu PMTs

20cm x 20 cm




DS-10 @ LNGS:
Light Yield in single phase mode

’’Na Energy Spectrum, Runs 2084 - 2159
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Reconstructed S1 [p.e.]
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DS-10 @ LNGS:
Light Yield in two-phase mode

22Na
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DarkSide-10

AmBe Source

Run 1284 - Log(S2/S1) vs F90
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DarkSide-10

AmBe Source
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DarkSide-10

AmBe Source No AmBe Source

Run 1284 - Log(S2/S1) vs F90 Run 1282 - Log(S2/S1) vs F90
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DarkSide-10

AmBe Source No AmBe Source

Run 1284 - Log(S2/S1) vs F90 Run 1282 - Log(S2/S1) vs F90
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Open Challenges

Construction of low-
radioactivity cryostat for multi-
tonne detector

Scaling of mechanical
structures of TPC to multi-
tonne scale

Remote cryogenics delivery at
multi-tonne scale

HHYV feedthrough at 150 kV

Development of lower
radioactivity PMTs

Development of Rn-free clean
rooms and Rn monitoring
system

Development of underground
Rn-free machining facility

Development of additional
HPGe detectors for material
screening

DAQ
Data Suppression and Handling

In-situ Calibrations



SCENE: Scintillation Efficiency and lonization Yield
of Noble Elements

Accelerator Facilities

FN Tandem Van de Graaff Accelerator
KN Van de Graaff Accelerator
JN Van de Graaff Accelerator

i

Characterize nuclear recoils .
« Scintillation efficiency (L)

* lonization yield (requires TPC)

Nuclear recoil energies are precisely
determined through kinematics

Background suppression through two time-of-
flight cuts

HIS Source
MC-SNICS Sputter lon Source
The Santa Ana New SMV Accelerator New!

Pulsed and Bunched Beams
Available Beams

’Li (p, n) 'Be reaction
Generate 0.5 - 1 MeV mono-energetic neutrons with

pulsed proton beam (facility provided by Notre Dame
Radiation Laboratory)

Low neutron energy allows exploration of
regions near energy threshold of liquid noble
gas dark matter detectors
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The End

Image Credit: Fermilab



Like the jelly beans in this
jar, the Universe is mostly
dark: 96 percent consists
of dark energy (about
70%) and dark matter
(about 26%). Only about
four percent (the same
proportion as the lightly
colored jelly beans) of
the Universe - including
the stars, planets and us -
is made of familiar
atomic matter.

The End

Image Credit: Fermilab



