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Outline
Large LXe + LAr detectors for ultra-low background physics

• Physics goals
• General arena
• Focus on Time Projection Chambers (TPCs)

• The EXO experience (0νββ decay)
• The DarkSide experience (WIMP dark matter)

• Common threads, characteristic distinctions
• Outlook

Disclaimer: this is not a comprehensive review of the field
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Liquid xenon (LXe) and liquid argon (LAr)
for low-background neutrino physics
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Noble liquid detectors have risen to be a leading technology  
in low-energy rare event searches over the past ~decade  

(WIMP dark matter, 0νββ decay)

Scintillating calorimeters TPCs

• EXO-200 / nEXO  (LXe)

• XMASS  (LXe)
• DEAP-3600 
• miniCLEAN 

 (LAr) • ZEPLIN
• XENON 10/100/1T/nT
• LUX / LZ
• PandaX I-II
• WaRP
• ArDM
• DarkSide-50 / DS-20k / ARGO

(LXe)

(LAr)
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2νββ

single β decay  
energetically forbidden/disfavored
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Physics:  Neutrino-less double beta (0νββ) decay 
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0νββobservation of 0νββ decay:
• massive, Majorana neutrinos
• lepton number violation

0νββ rate
• absolute neutrino mass (model dependent)

[Schechter and Valle,  PRD 25 (1982) 2951]
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0νββ decay:  what we measure
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2νββ spectrum 
(normalized to 1)

0νββ 
(2% FWHM)

M0! =!f" 2R
"gA

2 #
0

#

qdq$
a,b

j0%qrab&'hF%q& + hGT%q&$! a · $! b( + j2%qrab&hT%q&'3$! j · r̂ab$! k · r̂ab − $! a · $! b(
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Here the nucleon coordinates are all operators that, like
spin and isospin operators, act on nuclear wave func-
tions. The nuclear radius R is inserted to make the ma-
trix element dimensionless, with a compensating factor
in G0!. 'As pointed out in Cowell %2006&, errors have
resulted from using different values of R in M0! and
G0!.( The internucleon position vectors are defined by
rab= *r!a−r!b* and r̂ab= %r!a−r!b& /rab, while j0 and j2 are
spherical Bessel functions, and
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The terms above containing gM are negligible, but
those with gP typically reduce the matrix element by
about 30%. In most calculations, however, even these
terms are neglected, so that the matrix element takes the
approximate form
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Here the neutrino potential H is defined as
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For later reference, we also give an approximate ex-
pression for the rate of &&%2!& decay, which does not
depend on neutrino mass or charge-conjugation proper-
ties, and involves no neutrino propagator:

'T1/2
2! (−1 = G2!%Q&&,Z&"M2!

GT −
gV

2

gA
2 M2!

F "2

, %37&

where=G2!%Q&& ,Z& is another phase-space factor, pre-
sented earlier in Eq. %1&, and
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Nearly all the Fermi strength goes to the isobar analog
state in the daughter, so that M2!

F can be neglected.
We know that there are three light neutrinos with

largely left-handed interactions, so it makes sense to cal-
culate the &&%0!& rate that those neutrinos and interac-
tions induce. But most theorists believe that unobserved
particles and interactions exist as well. The most popular
explanation of small neutrino masses is the see-saw
mechanism, which implies the existence of heavy neutri-
nos that couple to left-handed gauge bosons. One simple
extension of the standard model that gives rise to a see-
saw is the “left-right” symmetric model, in which a
heavy right-handed weak boson WR coexists alongside
the familiar, and lighter, WL. Hirsch et al. %1996a& and
Prézeau et al. %2003& have given a general analysis of
double beta decay in such models. We will not repeat
that here, but instead examine the general question of
whether we can expect physics beyond left-handed weak
interactions and light Majorana neutrinos to generate
double beta decay at a level that competes with Eq. %28&.

Right-handed currents can cause &&%0!& through the
exchange of both light and heavy neutrinos. The cou-
pling of WR to neutrino mass eigenstates contains a fac-
tor Ul!i %where l! labels the right-handed states with defi-
nite flavor&, while the coupling of the usual WL contains
Uli %where l labels the left-handed states&, so that the
exchange of light neutrinos with a right-handed W in-
volved is proportional to

$
k=light

mkUl!k
† Ulk. %40&

As we see in our one-flavor example, Eq. %15&, this quan-
tity is -mkmD /mR and the amplitude is very suppressed.
The largest contribution, not including the one propor-
tional to .m&&/ derived above, generally comes from the
exchange of heavy neutrinos, through two WR’s. Then
there is no suppression from the mixing matrix, the neu-
trino propagator is roughly proportional to 1/mR and,
crudely speaking,

488 Avignone, Elliott, and Engel: Double beta decay, Majorana neutrinos, and …

Rev. Mod. Phys., Vol. 80, No. 2, April–June 2008
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T 0⇥
1/2

= G0⇥(Q,Z)|M0⇥ |2�m��⇥2

2

if 0νββ due to light Majorana ν‘s:

108 V.A. Rodin et al. / Nuclear Physics A 766 (2006) 107–131

1. Introduction

Inspired by the spectacular discoveries of oscillations of atmospheric [1], solar [2–5], and
reactor neutrinos [6] (for recent reviews see [7–11]) the physics community worldwide is em-
barking on the next challenging problem, finding whether neutrinos are indeedMajorana particles
as many particle physics models suggest. Study of the neutrinoless double beta decay (0νββ) is
the best potential source of information about the Majorana nature of the neutrinos [12–15].
Moreover, the rate of the 0νββ decay, or limits on its value, can be used to constrain the neutrino
mass pattern and the absolute neutrino mass scale, i.e., information not available by the study of
neutrino oscillations. (The goals, and possible future directions of the field are described, e.g., in
the recent study [16]. The issues particularly relevant for the program of 0νββ decay search are
discussed in [17].)
The observation of 0νββ decay would immediately tell us that neutrinos are massive Majo-

rana particles. But without accurate calculations of the nuclear matrix elements it will be difficult
to reach quantitative conclusions about the absolute neutrino masses and mass hierarchies and
confidently plan new experiments. Despite years of effort there is at present a lack of consen-
sus among nuclear theorists how to correctly calculate the nuclear matrix elements, and how
to estimate their uncertainty (see e.g. [15,18]). Since an overwhelming majority of published
calculations is based on the Quasiparticle Random Phase Approximation (QRPA) and its mod-
ifications, it is worthwhile to try to see what causes the sizable spread of the calculated M0ν

values. Does it reflect some fundamental uncertainty, or is it mostly related to different choices
of various adjustable parameters? If the latter is true (and we believe it is) can one find and justify
an optimal choice that largely removes such unphysical dependence?
In the previous paper [19] we have shown that by adjusting the most important parameter,

the strength of the isoscalar particle–particle force so that the known rate of the 2νββ-decay is
correctly reproduced, the dependence of the calculated 0νββ nuclear matrix elements M0ν on
other things that are not a priori fixed, is essentially removed. In particular, we have shown that
this is so as far the number of single particle states included is concerned, and the choice of the
different realistic representations of the nucleon G-matrix. In [19] we applied this procedure to
the 0νββ decay candidate nuclei, 76Ge, 100Mo, 130Te, and 136Xe.
In the present work we wish to expand and better justify the ideas presented in [19]. First,

the method is systematically applied to calculate the nuclear matrix elements M0ν for most of
the nuclei with known experimental 2νββ-decay rates. Second, the sensitivity of the results to
variation of other model parameters is tested. These are the axial vector quenching factor, com-
monly described as a modification of the constant gA, and the parameters that describe the effect
of the short range correlations. Finally, arguments in favor of the chosen calculation method are
presented and discussed.

2. Details of the calculation of 0νββ decay matrix elements

Provided that a virtual light Majorana neutrino with the effective mass ⟨mββ⟩,

⟨mββ⟩ =
N∑

i

|Uei |2eiαi mi (all mi ! 0), (1)

nuclear physics (M0ν) 
links different isotopes

sum kinetic energy of the electrons (Q)

➛ look for event excess at the 2νββ endpoint, Q

(10-6)

(10-2)
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Physics:  search for WIMP dark matter
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χ χ

q q

Annihilation Production

Scattering

Colliders

Direct Detection
of nuclear recoils

Indirect 
Detection
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Direct dark matter search:  what we measure

7

Xe Ge Ar Si Ne Xe Ge Ar Si Ne

arXiv:1310.8327v2 [hep-ex]

mχ =10 GeV
mχ =100 GeV

σ =10-45 cm2

➛ look for excess of nuclear-like recoil events  
(low energy)
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General features, requirements
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Underlying concept:
• Apply detector design concepts developed for low energy 

neutrinos to searches for WIMPs and 0νββ decay  

Strenghts:
• Powerful combination of low energy threshold, energy resolution, event ID
• LXe/LAr are excellent scintillators  
• Background discrimination (technique-specific)
• Scalability
• Inline purification

• Large ‘empty’ volume filled with clean LXe/LAr
• ‘Dirty’ components pushed away from fiducial volume  (self-shielding)
• Lightweight structure, selected materials
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Background discrimination in a nutshell

9

0νββ decay:
• β/γ discrimination

WIMP direct detection:
• nuclear / electron recoil discrimination
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Single phase LXe:  XMASS
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• WIMPs, 0νββ decay, solar neutrinos

• 835 kg of LXe
• 630 PMTs

• Feature: relative simplicity
• Limitation: limited discrimination

• Key requirements:
• low external background
• low radon
• fiducialization
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Single phase LAr:  DEAP-3600

11

3600 kg of Liquid Argon

1000 kg Fiducial mass

Wavelength shifter 
(distilled TPB)

Vessel

Ø 17
14

mm

Magnetic field 
compensation coils (x4)

Magnetometers

Water tank  
with liner

Calibration tube 
(22Na, 3.7MBq)

Calibrations tubes (x3) 
(AmBe, 5000n/s)

WIMP search
Distinguish nuclear from electron 

recoils by Pulse Shape Discrimination 
(PSD) of the scintillation signal

(very powerful in Argon)

slide courtesy of Fabrice Retière (adapted)
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The Enriched Xenon Observatory  (EXO)

Enrichment is relatively simpler and less expensive
• 10% --> 80-90% proven on the 100’s kg scale

Continuous re-purification possible 
• from electronegative, radioactive contaminants

Xenon is reusable
• could be transferred between experiments

Monolithic detector, remarkable self-shielding  
Good (enough) energy resolution

• with combined scintillation + ionization 
ββ/γ discrimination                           

• event topology    
                         

Search for 0νββ decay of 136Xe (Q=2458 keV) 
with enriched xenon TPC’s (with scintillation 
readout) of increasing sensitivity and size

Limited cosmogenic activation
• longest-lived 4 minutes
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The Enriched Xenon Observatory  (EXO)

Enrichment is relatively simpler and less expensive
• 10% --> 80-90% proven on the 100’s kg scale

Continuous re-purification possible 
• from electronegative, radioactive contaminants

Xenon is reusable
• could be transferred between experiments

Monolithic detector, remarkable self-shielding  
Good (enough) energy resolution

• with combined scintillation + ionization 
ββ/γ discrimination                           

• event topology    
                         

Search for 0νββ decay of 136Xe (Q=2458 keV) 
with enriched xenon TPC’s (with scintillation 
readout) of increasing sensitivity and size

Xenon admits a novel 
coincidence technique

• Ba daughter tagging
M. Moe, PRC 44, R931 (1991)

Limited cosmogenic activation
• longest-lived 4 minutes
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HI PURITY HEAT 
TRANSFER FLUID 
(HFE-7000, 50 CM)

(COPPER)

(COPPER, 1.37 MM THICK)

(25 CM)

JINST 7 (2012) P05010

Rn: ~6 Bq/m3

The EXO-200 detector at WIPP   (~1,500 m.w.e.)
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-75kV!Charge collection!

e"#

e"#

e"#
e"#

e"#
e"#

e"#
e"#

e"#
e"#

e"#
e"#

e"#

Ioniza*on# Scin*lla*on#

376V/cm

• ~150 kg enrLXe 

• Cathode in center 

• Light detected by  
APDs on end caps 

• Charge detected by crossed 
u- and v-wire planes

• v-wire plane measures induction 

• u-wire plane collects charge 

• Energy from u-wire and APD signals

The EXO-200 Time Projection Chamber (TPC)

JINST 7 (2012) P05010

~40 cm
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Tracking and event topology 

15
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Energy resolution

16

cutting this region removes 
α particles and events with 
imperfect charge collection

228Th source
SS

Qββ

Qββ

[E. Conti et al. Phys. Rev. B 68 (2003) 054201]

Molecular properties of xenon cause increased 
scintillation to be associated with decreased 
ionization (and vice-versa)

Takes into account anti-correlation of charge 
and scintillation response to improve 
energy resolution 

Calibration performed with 60Co, 137Cs, 226Ra, 
and 228Th
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4

EXO-200 detector:             JINST 7 (2012) P05010
Characterization of APDs:   NIM  A608 68-75 (2009)
Materials screening:            NIM  A591, 490-509 (2008)

January 2010

17
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EXO-200 detector:             JINST 7 (2012) P05010
Characterization of APDs:   NIM  A608 68-75 (2009)
Materials screening:            NIM  A591, 490-509 (2008)

January 2010
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EXO-200 Inner Detector

18
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half TPC

Cathode mesh
(two ‘bikinis’)

Field shaping ringsacrylic supports

Teflon reflector tiles

the EXO-200 TPC

19

~40 cm
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~500 APDs (gangs of 7)

Signal Cables

charge detection wire triplets

final TIG weld

no soldered connections
no connectors

20

PTFE reflectors
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Phase I, Run 2: precision measurement of 2νββ

21

(longest, yet most precisely (directly) measured 2νββ decay of all ‘practical’ isotopes)

(2014)

Start data taking in June 2011

Discovery of 2νββ decay of 136Xe
[PRL 107, 212501 (2011)]

Confirmation by KamLAND-Zen
[PRC 85, 045504 (2012)]

Precision measurement (~3%)
[PRC 89, 015502 (2014)]

T2⌫��
1/2 = (2.165± 0.016(stat)± 0.059(syst))⇥ 1021yr
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Search for 0νββ decay  (136Xe exposure: 100 kg yr)

22

background index

(1.7± 0.2)⇥ 10�3

cts/(keV · kg · y)

�

E
(Q) = 1.53

T 0⌫��
1/2 > 1.1 · 1025 yr

(90% C.L.)

energy resolution

[Nature, 510, 229-234 (2014)]
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Phase I, Run2: search for 0νββ decay of 136Xe

23

EXO-200 limit:

[GERDA: PRL 111, 122503 (2013)]
[KL-Zen: PRL 110, 062502 (2013)]

T0⌫��
1/2 > 1.1⇥ 1025 yr (90% C.L.)

T0⌫��
1/2 = 1.9⇥ 1025 yr

EXO-200 sensitivity:

< m�� >= 190� 450 meV

[Nature, 510, 229-234 (2014)]



NNN15  —  Stony Brook University  —  10.28-31.15Andrea Pocar  -  UMass Amherst & Princeton

Xenon purity from electronegative species - Run 2
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Xenon gas is forced through 
heated Zr getter by a 
custom ultraclean pump. 

At τe = 3 ms:  
- drift time <110 μs  
- loss of charge:  
       3.6% at full drift length 

Ultraclean pump: Rev. Sci. Instr. 82 (10) 105114 
Xenon purity with mass spec: NIM A675 (2012) 40
Gas purity monitors: NIM A659 (2011) 215

5 ms
(~15 slpm)
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Radon products and alphas

25

214Po

218Po

222Rn

surface α’s  
(210Po, etc) 

surface β,γ’s

surface 
214Po 222Rn-218Po 

coincidences 
(3 minutes )

two drift 
velocities 
(related 
to purity)

β-decay α-decay

~170 μs

scintillation

ionization

ion velocity (mm/s)

Δ
t 

(s
ec

)

Phys. Rev. C, 89, 015502 (2014).

Steady state radon activity:
360 ± 65 μBq  (fiducial volume)

~200 atoms of 222Rn
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 From EXO-200 to nEXO
13

0 
cm

46 cm EXO-200

nEXO

26

the range of a 2.5 MeV  
γ-ay in LXe is 8.5 cm

EXO-200 data

• 5 tonnes of enriched LXe  
• enhanced self-shielding
• x100 better T1/2 sensitivity

• < 1%  energy resolution
• no central cathode 
• ≳ 10 ms electron lifetime

EXO-200 performance and backgrounds guided the decision 
to design a large LXe “discovery” detector:    nEXO

130 cm
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nEXO conceptual design (SNOLab)

27

• APDs  —>  SiPMs   

• ~x100 better half-life 
sensitivity than EXO-200

• in-LXe electronics

• no plastics

• ~600 Rn atoms

• 100 kV

NSAC Long Range Plan 
calls for a US-led 0νββ 
decay experiment 
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EXO-200 and nEXO Physics Sensitivity

28

T1/2 = 6 x 1027 yr 
in 5 years of 

counting

Majorana 
neutrino mass 

<mββ> 
sensitivity of 

7-18 meV

M
total

(eV)

<
m

�
�
>

(e
V
)
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From 0νββ decay to WIMPS



NNN15  —  Stony Brook University  —  10.28-31.15Andrea Pocar  -  UMass Amherst & Princeton 30

The three best results for heavy (m > few tens GeV/c2) WIMP-nucleon  
spin-independent cross section are obtained with dual-phase LXe/LAr TPCs

Heavy WIMP searches: were do we stand?

Dual phase LXe: leaders for WIMP searches

Phys. Rev. Lett. 112, 091303 (2014)
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Phys. Rev. Lett. 109, 181301 (2012)
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Dual-phase LAr/LXe TPC
slide courtesy of Ethan Brown (adapted)

• Nuclear/electron recoil excite and ionize the LXe/LAr, 
producing scintillation light (S1)


• The electrons are extracted into the gas region, where 
they induce electroluminescence (S2)


• 3D position reconstruction


• Recoil discrimination  (S2/S1,  PSD on S1)
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The XENON program at LNGS

32

Phys.Rev.D83:08200(2011)
Astroparticle Physics 35, 573 (2012)

Phys. Rev. D 88, 012006 (2013)
Phys. Rev. D 90, 062009

Phys. Rev. Lett. 115, 091302 (2015)
Science 349, 851 (2015)

X
EN

O
N

 1
00

• 161 kg Xe  
(62 kg active)


• σSI<  2.0 x 10-45 cm2 
for 50 GeV/c2 
WIMP


• Total bg = 1.0 ± 0.2  
(0.17 NR, 0.79 ER)


• also SD, axions, 
leptophylic DM

XENON 1T

X
EN

O
N

 n
T

slide courtesy of Ethan Brown (adapted)
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LUX projection (300d)

LZ (1000d)

LUX 2014 PRL

LUX —> LZ (LUX + Zeplin)  program at Sanford Lab

33
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reductions in PMT radioactivity achieved recently, so that other components will become more prominent 
in the overall background budget and therefore must meet more stringent radiopurity requirements (such 
as the PTFE used in reflecting surfaces). Secondly, an important enhancement beyond LUX is the 
treatment of the skin layer of LXe located between the active TPC region and the inner cryostat wall, as 
well as the region beneath the bottom PMT array. Once instrumented with PMTs, this skin detector works 
in unison with the surrounding veto system, taking advantage of the high scintillation yield of LXe to 
detect radioactive backgrounds. Lastly, LZ must surpass previous achievements in HV delivery to the 
LXe space to ensure reasonably strong electric fields in the WIMP target; our strategy is that voltages on 
insulating surfaces must be actively managed (graded) to prevent long-term buildup of electrostatic 
charge. In this section, we describe the baseline design of the detector and how these challenges have 
been addressed. 
TPC design 
The WIMP target is configured as a double-phase TPC containing 7 tonnes of active LXe. The design is 
mostly based on the LUX detector, which has demonstrated excellent operational performance at the 
300 kg scale. The LZ TPC will be made from 2-cm-wide PTFE rings with 146 cm inner diameter, stacked 
to the same total height of 146 cm. Hexagonal arrays of 3-inch phototubes (241 units each) are placed in 
the liquid, facing up, and in the gas phase, facing down, to detect the vacuum ultraviolet (VUV) light 
emitted when a particle interacts in the detector. The nominal operating pressure is 1.6 bar(a), 

Figure 1.6.5.1 Schematic views of the Xe detector. The 7‐tonne active region is contained in the TPC field cage 
between the cathode and gate electrodes, viewed by PMT arrays in the vapor and liquid phases. S2 signal 
generation is achieved between the liquid surface and the anode (shown right). The HV connection to the cathode 
(left) uses a dedicated conduit leading outside of the water tank. Below the TPC, the reverse field region degrades 
the cathode potential to low voltage. The lateral skin PMT readout is shown outside of the TPC field cage. 

LZ

• 10 tons LXe / 7 active / 5.6 fiducial

• instrumented LXe ‘skin’

• Gd-loaded scintillator n veto
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Pulse Shape Discrimination (S1) in LAr

34

Electron Recoil

Nuclear Recoil

Electron and nuclear recoils produce different excitation densities in the argon, 
leading to different ratios of singlet and triplet excitation states

Averaged Wave forms 

τsinglet ~ 7 ns 
τtriplet ~ 1500 ns PSD parameter 

F90: Ratio of detected light in the first 
90 ns, compared to the total signal 
~ Fraction of singlet states
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side 
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 - Direct search for Dark Matter particles with liquid argon 
 - First ton-scale LAr detector (proof for much larger detectors) 
 - ArDM Run I in single phase mode recently completed

slide courtesy of André Rubbia (adapted)
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ArDM: Background studies - MC model with a full optical photon ray tracing

36
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G4 neutron MC

Extension to nuclear recoils from neutrons
The power of large target size

84% of neutron BG originates 
from replaceable parts 
(mainly from the PMTs)

Expected sensitivity from present hardware configuration

Future plans:   - proceed with analyses of the full data set  - prepare dual phase run for 2016

slide courtesy of André Rubbia

e-like data compared to MC 
39Ar (72%), external γ (21%), internal γ (7%)
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The DarkSide program

Continuous re-purification possible 
• from electronegative, radioactive contaminants

Argon is reusable
• can be transferred between experiments

Monolithic detector, remarkable self-shielding  

Search for heavy WIMPs (>100 GeV/c2) 
with (low 39Ar) TPCs of increasing 

sensitivity and size

Nuclear/electron discrimination                           
• pulse shape discrimination
• charge-to-light ration
• event topology

Identified source of low 39Ar argon
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DarkSide: path towards the “neutrino floor”

38

LHC
14 TeV

1 event
from neutrino-induced

nuclear recoil
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DarkSide 50

Radon-free Clean Room 
(Rn levels < 10 mBq/m3)

1,000-tonne Water-based Cherenkov 
Cosmic Ray Veto

30-tonne Liquid Scintillator 
Neutron and γ’s Veto

Inner detector TPC

39
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DS50 Commissioning (Oct. 2013)

40
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Fits to 39Ar and 83mKr spectrum indicate  
LIGHT YIELD: 7.9 ± 0.4 PE/keVee at zero field and 7.0 ± 0.3 PE/keVee at 200 V/cm

• 39Ar (565 keVee endpoint) present in AAr 

• 83mKr gas deployed into detector (41.5 keVee)
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DS-50: first results

42

No WIMP candidates after all analysis cuts applied

ER rejection >1.5×107  
in WIMP search box

80 PE threshold (where WIMP acceptance is 5%)
80 - 460 PE  ==>  38 - 206 keVr

AAr: 1422 ± 67 kg･days

Phys. Lett. B 743, 456 (2015)

Predominantly 39Ar BG (electron recoils)

(36.9 ± 0.6 kg fiducial  
vs  46.4 ± 0.7 kg active)



43

Underground Ar
1. Extraction at Colorado (CO2 Well) 
Extract a crude argon gas mixture (Ar, N2, 

and He)

Plant at Colorado

Distillation Column at 
Fermilab

2. Purification at Fermilab 
Separate Ar from He and N2

3. Arrived at LNGS 
Ready to fill into DS-50

UAr bottles at LNGS
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UAr First Results

AAr vs UAr. Live-time-normalized S1 pulse integral spectra at Zero field.  
39Ar reduction factor of ~1400

44

1/1400

AAr 39Ar

Low level of 39Ar allows extension of DarkSide program to ton-scale detector.
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UAr First Results

45

WIMP Expected Region

No background events in nuclear recoil (WIMP) region!

71 live-days after all cuts. (2616±43) kg day exposure.  
Single-hit interactions in the TPC, no energy deposition in the veto.

arXiv:1510.00702
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Argon purity  -  very promising results from DS-50

46

• Closed loop argon recirculation (~30 slpm)
• Gaseous phase purification using commercial getter
• Cryogenic charcoal trap to remove Rn contamination

Measured electron
drift lifetime > 5 ms

to be compared to 
max. drift time of  
~ 375 μs
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DS-20k

47

DS-20k 
30 tonne (20 tonne fiducial) detector

• no PMTs —> SiPMs (15 m2)

• 50 kV

• 2.4 m drift length

• 100 tonne yr exposure

• ArDM facility to test tonne-
scale UAr batches



NNN15  —  Stony Brook University  —  10.28-31.15Andrea Pocar  -  UMass Amherst & Princeton

More UAr, less 39Ar

48

Urania (Underground Argon):


• Expansion of the argon extraction plant in Cortez, 
CO, to reach capacity of 100 kg/day of Underground 
Argon


Aria (UAr Purification):


• Very tall column in the Seruci mine in Sardinia, Italy, 
for high-volume chemical and isotopic purification of 
Underground Argon
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ARGO  -   a flight of fancy to the neutrino floor

49

• no PMTs —> SiPMs (15 m2)

• 300 t UAr  (200 t fiducial)

• 1,000 tonne yr exposure

• Cryogenically depleted UAr

• Further x10 discrimination with ~15% LY increase

• Background-free heavy WIMP search to the neutrino floor

• Sensitivity 9×10-49 cm2 @1 TeV/cm2

• Solar neutrino program
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Heavy WIMP sensitivity

50
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nEXO and DS-20k

51

Similarities:
• Long drift length   (~1.5 m)
• Need for very high light collection efficiency,  use SiPMs (4 - 15 m2)
• Need for very low radon 
• >10 ms life time of drifting electrons
• Cold front-end electronics
• Data-driven background model   (informed by radio-assay results)
• Isotopic enrichment/depletion
• Low 85Kr, 39Ar: centrifugation, cryogenic distillation
• Common challenges:  HV, internal low-E calibrations, ….

Differences  (nEXO vs DS-20k):
• nEXO:  ‘no’ plastics
• Single- vs dual-phase
• Energy resolution vs energy threshold
• Integral vs time resolution (PSD) of S1  (affects SiPM readout)
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• LXe and LAr detectors, TPCs in particular, have become leading 
players in the search for 0νββ decay and WIMP dark matter 

• Currently running TPCs are at the few hundred kg scale;  
tonne scale experiments are coming soon

• There is substantial synergy between LXe and LAr TPCs for rare 
event searches, both in terms of detector technology and low 
background requirements

• nEXO (5 tonnes) will search for 0νββ decay with mass sensitivity 
to cover the inverted neutrino hierarchy 

• Detectors of tens and even hundreds of tonnes are being planned 
to search for WIMPs down to the neutrino floor

52

stay hungry, my friend

HIC SUNT LEONES

The DarkSide program
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