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Argon on Earth

Atmospheric isotopic abundance

J.-Y. Lee, et al., Geochim. Cosmochim. Acta 70 (2006) 4507-4512

36Ar — 0.334%
38Ar — 0.063%
40Ar — 99.604%

» 40Ar comes from 4K decay

» 39Ar Origins
B 40Ar(n,2n)->3%Ar
B “OAr(p,np)>3°Ar

» Underground via U + Th fission neutrons
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The Hun

2007: Helium Reserve 3°Ar

content < 5% atmospheric levels

Discovery of underground argon with low level of radioactive 3Ar
and possible applications to WIMP dark matter detectors

D. Acosta-Kane® R. Acciarri™ O. Amnue‘\l Ammmllo"‘l] Baibussinov? M. Baldo Omlm
E C.J. Ballentine* R. Bansal L. Bas; ! P. Benetti! J. Benziger® A. Bury
S F CalapricosE. Calliguric M. Camb.agmw Conei= ¥ Cuponara o1 Comidy" F. Covamna®
d warria® D. Cheng? A. G. Cocco’ P. Collon® F. Dalnoki-Veress* E. de Haas®
3 7 Dira ompeo™ G. Fiorillo* F. Fitch® V. Gallo C. Galbiati** M. Gaull* S. Gazzana© L. Grand
Q A Goreln‘R Highfill* T. Highfill* T. Holmmn‘r\l Ianni© An. lanni® A. LaCava® M. Lmll:enslem
5 * B. Lyons® D. Marks® K. McCarty * G. Men;
. Momanas .1 Khopadiyay » A. Nesone O, Palararac L. Pandola< F. Pietropaolo T- Plvonkz'
A. Pocar* R. Pun«du-n" A. Rappoldi’ G. Raselli’ F. Resnati* D. Robertson™ M. Roncadelli!
M. Rossella! C. Rubbia“ J. Ruderman * R. Saldanha® C. Schmitt* R. Scott E. Segreto* A. Shirley?
A.M. Szelc®™ R. Tartaglia® T. Tesileanu® 8. Ventura® C. Vignoli’ C. Visnjic® R. Vondrasek ¢
A. Yushkov

ent of Physics, Princeton Uriversity, Princeton, NJ 08544, USA
cerig, Princeton Universit, Princeton, NJ 08544, USA
CINFN, Laborators Nasional del Gran Sasso, Assers (AQ) 67100, llaly
INEN and Dipatimento di Pisica, Univerity of Pade Padsa 35131, laly
“Feicen Collge, Lod, NJ 07
 AirSep Corporation, Bulfeo, NY 14225, USA
Kansas Refned Hliam, 565, USA
Deprimen of Barthond Plncary St Hased Uners
berser Princton Tadnolm Center, Princcton
< Toorica,
e, Unicstyof Mchetr, Mi3 290 i K
“Federics I

Skt of Earh, Aimorphert, and Beronnintl e
CINFN and

arXiv:0712.0381v1 [astm-ph]

“Depariment
VINEN and Dipartimento d Fiia, Uniersity of Milano Bicoce, Milano 20126, Tsly

Abstract
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2007: Begin Searching CO, Wells

tos on Trip to Bueyeros - May 23-26 2007 and
Sroposad or Suali Seels Arown production in the 2008 Caspaisn

Notes on Trip to Bueyeros - May 23-26 2007
and

Proposal k‘or Small Scale Argon Production
n the 2008 Campaign
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Gas from Liquid Trap Gas from the PSA
ar 290 ppn 2.5
o 1150 1200 ppn
cos 9.3 6500 ppn
5, 0 pob 0 pob
n 457 ppn 750 ppm
5o 2860 ppn 5000 ppn
o 700 ppn 22,30
w 6.7 3.8
o 550 ppn 120 ppm

Table 1: Composition of the stream from the liguid trap and of the stream

2008: First Production
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from Underground Wells
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2009: Move to Colorado

First Large Scale Production of Low Radioactivity Argon From Underground
Sources
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€ Abstract
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Exploration at Doe Canyon A

> o= »)

CO, well in SW Colorado with 400ppm Ar

(Nucl. Phys. B, 197 (2009) 70-73)
(Nucl. Instr. Meth. A 587 (2008) 46-51)

co,

Mass (AMU)

March 14, 2018 4
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Argon Extraction-Cortez, Colorado Py Opett by B e 965

Approximate Input:

> He., Ar, N,

Gas Type Concentration from well mixture Gas Type Concentration in Output
Carbon Dioxide 96% Helium 85-95%
Nitrogen 2.4% Gas fi ) Argon 3-6%
Methane 0.57% as flows Simultaneously Nitrogen 1-10%
Helium 0.43% through one the other column Methane, Oxygen Trace
Other hydrocarbons 0.21% column under is pumped on to Carbon Dioxid T
Argon 440 ppm pressure. CO,, remove the Oa:; or:-l :m eb Trace

H,0 and CH, trapped gases ther Hydrocarbons race

dsorbed H
are adsorbe Average Production: 140g/day
on zeolite
Adsorbed gas
\?vzsllfrom _ returned to

company

07/29/2011 AM 10531
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First Measurement of Underground Argon

2011-2012

A Study of the Residual 3*Ar Content in Argon from
Underground Sources

J. Xu?, F. Calaprice®*, C. Galbiati®, A. Goretti®, G. Guray®, T. Hohman®!,
D. Holtz*2, A. Ianni®, M. Laubenstein®, B. Loer®3, C. Love4,
C.J. Martoff*, D. Montanari®?, S. Mukhopadhyay?, A. Nelson®,
S.D. Rountree®, R.B. Vogelaar®, A. Wright*

“Department of Physics, Princeton University, Princeton NJ 08544, USA
YINFN Laboratori Nazionali del Gran Sasso, SS 17 bis Km 18.910, 067010 Assergi
(AQ), Italy
©Physics Department, Temple University, PA 19122, USA
“Department of Earth and Planctary Sciences, Harvard University, Cambridge, MA

02138, USA
¢ Physics Department, Virginia Polytechnic Institute and State University, Blacksburg,
VA 24061, USA
Abstract

The discovery of argon from underground sources with significantly less
39 Ar than atmospheric argon was an important step in the development of
direct-detection dark matter experiments using argon as the active target.
‘We report on the design and operation of a low background detector with a
single phase liquid argon target that was built to study the **Ar content of
the underground argon. Underground argon from the Kinder Morgan CO,
plant in Cortez, Colorado was determined to have less than 0.65% of the *Ar
activity in atmospheric argon.

Keywords: underground argon, dark matter search technique,

v:1204.6011v1 [physics.ins-det] 26 Apr 2012
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--- UAr @ Surface

--- Aar, @KURF

--- UAr, @Surface w/Veto
--- UAr, @KURF, w/Veto

Y o
: W"’Mﬂ f
Wik
: Wy
- Upper Limit: 150x Reduction
0_ — 2(|)0 — 4(|)0 — 6(|)0 — 8(1)0 1000
Energy/keV

March 18, 2018 6
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Purification— Fermilab, lllinois,

CB
Charcoal
Trap
(CBCT)

Transportatio Waste
n cylinder

Condense

|
r Booster
Helium
Separator
(CB)
——

Colorado gas
3-6% Ar, 1-10% N,, 85-
95% He
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Booster

8ei015

Booster

npoud

Condenser

CDF Cryogenic
Oxvee Distillation
n
Getter Column
(cpe)

Organics
Cold
Traps

Kepolie

Final contamination concentration

After He separation

Nit 279
order-of: 40% Ar, 60% ftrogen S
N, Oxygen 192 ppm
Methane 95 ppm
Helium 3 ppm

Total DS-50 production: 157 kg ... biexice nyy—

July 26, 2017 7
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The Target Leaves FNAL for LNGS

Underground Argon tested in SCENE cryostat
B Test final polishing technique (Zirconium Getter)
B Recaptured in Condenser Booster, "Lossless test”
Moved to coast by truck, transported by sea
B Reduce possible cosmogenic activation
Final ~10 kg flown
Detector filled April 2015

Hudson Bay

Algeria

March 14, 2018 8
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DarkSide-50: The First Underground Argon-based Dark Matter Detector.
Physics Letters B, 743 (2015) & Phys. Rev. D 93, 081101(R) (2016)

B 157 kg produced in 5 years
B 3°Ar-0.73 mBg/kg
B 8Kr-2.05mBqg/kg

Events / [50 PE X kg X s]

AAr Data at 200 V/cm
(LSV Anti-coinc.)

UAr Data at 200 V/cm
(LSV Anti-coinc.)

8Kr (Global Fit)

3*Ar (Global Fit)
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Tackling Future Challenges R ——
» VPSA Challenges: » Distillation/Purification Challenges
B Operating R&D plant as production facility B Unexpected helium and oxygen levels
B Lower production rate than expected B Minor contaminations in VPSA output clogged
B Zeolite poisoning distillation column
@ Reduced adsorption efficacy over time B Low production rate from VPSA (recapture of
@ 900 Ibs of zeolite was replaced 3 times UAr from waste streams)

C3H8 CSHloo C7H14 CGHIZO C7HlG C8H18
CSHIOO C5H100 C6H13| CGHIZO CGHIZO c8H18
CSHIZ c6H14 CGH13| C7HlG CSHSOZ C6H1002
C6H14 CSleo C7H16 CGHG C8H16 C8H18
C5H10 C6H12 C7H16 C6H6 CSHIG C9H20

March 14, 2018 10
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Why Did We See Oxygen? One Possibility.

» Could all the 3°Ar have come from an
air infiltration?
B 39Ar concentration air equivalent:
1.95 mols,; /kgyar

» Air equivalent for O, contamination in CO,

B Assume all O, is from air

B Precision gas analysis of CO, [one snhapshot]:
® O,=6.7 ppm
® Ar=427 ppm

B DS-50 target production history:
® Always measured O,/Ar ~1.5-2%

Events / [50 PE x kg x s]

10!

107

107

10-5 L

10°¢
1077

10°®
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AAr Data at 200 V/cm
(LSV Anti-coinc.)

UAr Data at 200 V/cm
(LSV Anti-coinc.)

*Kr (Global Fit)

*¥Ar (Global Fit)

PP B
0 1000

A A l A A A A l A A A A
4000 5000 6000
Phys. Rev. D. 93 (2016) S1 [PE]

P REPRTRR B
2000 3000

6.7 ppMg, [ 427 ppmyp, = 0.392 molsqy/kgya = 1.87 mols, /kgyar

March 14, 2018 11
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Why Did We See Oxygen? One Possibility.

B 3°Ar concentration air equivalent: 1.95 mols,; /kgya,
1.87 mols,; /kgyar

B O2 Contamination in Argon:

Air equivalent for 35Kr contamination

» Assume all 8Kr is from air
B 85Kr concentration in air = 1.3 Bg/m3,;
B 2.05 mBqg/kgya, = 0.070 mols,; /kgyar

» Assume &Kr can absorb on zeolite ~ like N,
B N, reduction factor through VPSA = 35

Events / [50 PE x kg x s]

10!

1072}

107

10-5 L

10°¢
1077

10°®

» 0.070 mols,;/kgyar.nsso * 35 = 2.45 mols,; /kgyar-co2

® \Very rough, NOT proof of contamination
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AAr Data at 200 V/cm
(LSV Anti-coinc.)

UAr Data at 200 V/cm
(LSV Anti-coinc.)

*Kr (Global Fit)

*¥Ar (Global Fit)

PP
0 1000

A A l A A A A l A A A A
4000 5000 6000
Phys. Rev. D. 93 (2016) sl [ pg]

P EPRRTRE B
2000 3000

March 14, 2018 12
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LOGAN: The LOng-term Gas ANalyzer P Ot b e v 5

» Based on an SRS UGA

B Great for qualitative, or if well calibrated,
quantitative, measurements

Ruggedized
Custom control software
Autonomous

vy

v

Helium Concentration Going to and Coming from Air Products
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UAr production — Onwards and Upwards Py Opy Bl S 95
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