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Outline:

* The signal — what are we looking for?

» Sources of background

* Liquid noble detectors - an ideal tool for this search
 Single phase detectors

» Dual phase detectors

e Argon as a dark matter target

* The DarkSide-50 time projection chamber

» Background suppression in the DarkSide-50 experiment

 Looking to the future
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What are we looking for?

* Low energy (<100 keV) nuclear recoils

* Expect WIMP masses between 2 GeV and 1
TeV

* Low interaction rate (~1 event/ton/year for
0=10"" cm?)

e These recoils will be indistinguishable on an
event-by-event basis from those caused by
neutrons

The small energy signature and low interaction

rate makes understanding and overcoming the
background essential
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Sources of background:

Anything which might recoil within the target material is a source of
background.

* Internal radioactivity (from decay chains of U, “Th, etc.)

* |Internal / external radiogenic neutrons (from (a,n) reactions
and spontaneous fission)

* Cosmogenic neutrons (from undetected muons reacting
externally and in the shielding)

— In order for an experiment to make a convincing claim of
dark matter detection based on a few WIMP candidate events,
it must be able to reduce these backgrounds to the level of a
fraction-of-an-event per year
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An excellent tool for this search:
Liquid noble detectors
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Noble liquids are relatively abundant, inexpensive,
and easily purified. Additionally, their scintillation
properties make them excellent targets for dark
matter detection:

Low nuclear recoil energy detection thresholds
Good light yield (about 40,000 photons/MeV for
argon), very transparent to their own scintillation
light, ie: high attenuation length

Excellent electron / nuclear recoil discrimination

Good position reconstruction (in the case of two-
phase detectors)

Self-shielding, scalable to the multi-ton level

E. Edkins 5



Single phase detectors:
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Single phase detectors make
use of the difference in time
constants between single and
triplet decay to separate
electron and gamma recoil
events from nuclear recolls.
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Dual phase detectors:
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« Ratio of S2 to S1 provides additional image credit: B.Rossi
signal discriminating power.

November 14, 2013 E. Edkins 7



Logl0(82/81) corrected for drift

Logl0(82/81) corrected for drift

Background discrimination:

Run 1282 - Log(S2/51) vs F90
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The DarkSide-50
___Time Projection Chamber

: ¥+ 50 kg of depleted argon (33
& TIPY. kg fiducial)

e Array of 19 R11065 HQE
Hamamatsu 3" PMTs on the
top and on the bottom

 Anode and cathode
windows of ITO
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o Lateral walls coated with
PTFE (high reflectivity)

 All inner surfaces coated
with TPB
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Argon as a dark matter target:

 Significant difference in decay time

constants: ~7 ns for singlet and ~1600 Depleted Argon Measurement
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Muon Intensity (m™ sr' y)

Dealing with the external
background:
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e Location

reduces the
muon flux by a
factor of more
than 10°.

Detector
housed within
a 10 m high x
11 m diameter
Cerenkov
muon veto
with array of
80 PMTs.
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Dealing with the internal
background:

Ultra radio-pure materials

All assembly done in clean
room (Rn suppressed to 3-50
mBg/m°)

The TPC is surrounded by a
liquid scintillator neutron veto,
4 m in diameter and equipped
with 110 PMTs.

>99.5% efficiency rejecting
background events from
radiogenic neutrons, >95%
efficiency rejecting

cosmogenic neutrons.
(arxiv:1010.3609)
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Boron-loaded scintillator

« Unloaded scintillator has a long mean neutron capture time of ~250 ys, introducing
unacceptably long veto windows of ms duration.

 Loading produced by adding tri-methyl borate (TMB) — natural abundance of B is
~20%

« 9B has a huge neutron capture cross-section = 3837 b! Reduces neutron capture
time by two orders of magnitude. (arxiv:1010.3609)

* Neutron capture via two channels:

B+ n—"Li (g.8)(1015) + Q1775) 6.4%

— "Li*s39) + a471), 'Li* — v478) 93.7%

Recoil products carry significant energy (50-60 keVee), enough to be detected
directly.
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Physics reach:

DarkSide-50 Sensitivity Plot
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DarkSide-50 Iis expected to reach a
sensitivity of ~10* cm? in three year
run
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The next generation: DarkSide-G2

* 5 ton active volume, 2.8
ton fiducial

e Will re-use same neutron
veto and water Cerenkov

e DS-G2 will reach 0 = 10
cm?for 100 GeV/c?in five
year run
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Summary:

 Liquid noble elements
present an excellent class of
dark matter targets

* These detectors are self-
shielding, easily purified and
cost-effective

« Additionally, they provide
excellent discrimintation
against electron and gamma
backgrounds.

* Employing underground
argon greatly reduces the
*Ar background, allowing for
expansion to ton-scale liquid
argon detectors
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* The next generation of dark matter detectors will bring unprecedented sensitivity,
reaching 10" cm?, making the coming decade an exciting time for dark matter

detection
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