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» 40Ar comes from 4°K decay

Atmospheric isotopic abundance

> Atm Osphere J.-Y. Lee, et al., Geochim. Cosmochim. Acta 70 (2006) 4507-4512
B 3%r produced by cosmic rays “°Ar — 0.334%
B 3%Ar concentration = 8x10-16 39Ar/40Ar *°Ar —0.063%
40Ar — 99.604%
» Crust
B No cosmic rays Solar system isotopic abundance

K. Lodders, Astrophys. J. 591 (2003) 1220-1247

36Ar — 84.59%
38Ar — 15.38%
40Ar — 246 ppm

B 39Ar produced underground

» Mantle
B Verylow U and Th
B Lowest 39%Ar levels
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Terrestrial argon and °Ar sources Pacific Northwest
As | understand it € it’s more complicated Proudly Operated by Batlelle Since 1965
_269y
» 40Ar comes from 4°K decay W
QB—=565

» Atmosphere
B 3°Ar produced by cosmic rays 100% _10.17, 3/2;9 O stable
B 3%Ar concentration = 8x10-1639Ar/40Ar 19K

39Ar production reactions
40Ar(n,2n)—>3%Ar 4OAr(p,pn)—2>3°Ar

» Crust
B No cosmic rays

B 3°Ar produced underground *Ar(n,np)=>>Cl *Ar(p,2p)>Cl
40Ar(n,pn)—>3°Cl 40Ar(y,n)—>3%Ar
» Mantle 40Ar(n,d)—>39Cl 3BAr(n,y)>3%Ar
B Verylow Uand Th 40Ar(p,n)—=>3Cl

| Lowest 39Ar |eve|S (Loosli & Oeschger, Earth Planet. Sci. Lett. 5 (1968) 191-198)
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Terrestrial argon and 3°Ar sources

As | understand it € it’s more complicated

» 40Ar comes from 49K decay

» Atmosphere
B 3%Ar produced by cosmic rays

B 3%Ar concentration = 8x10-16 39Ar/40Ar

» Crust
B No cosmic rays

B 3°Ar produced underground

» Mantle
B Verylow Uand Th
B Lowest 39%Ar levels
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232Th radioactive 208Pp 6 4

235 decar 207Pb@ + 7 @ + 4(e +1p)
208 206Pb 8 o 6

s

27A| 23Na 30p 264

295 30Gi r CIUE Q + 253§ @
180 ... a n 21Ne ...

spontaneous
238 fission

(0. Srémek, et al., Geochim. Cosmochim. Acta 196 (2017) 370)
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Terrestrial argon

As | understand it € it’s more complicated

» 40Ar comes from 49K decay

» Atmosphere
B 3%Ar produced by cosmic rays
B 39Ar concentration = 8x10-16 39Ar/40Ar

» Crust
B No cosmic rays
B 39Ar produced underground

» Mantle
B Verylow Uand Th
B Lowest 3%Ar levels
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Mantle

Low U and Th
(lowest 3%Ar)
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A low-radioactivity UAr source 7
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» Geological formations trap gases underground
» CO, in US Southwest is magmatic-like

One of many parameters that define magmatic
(Geochim. et Cosmochim. Acta 72 (2008) 1174—1198)

CO,/*He ratio
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DarkSide-50 target production 7
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UAr extraction - Colorado

Vacuum-Pressure Swing Adsorption
He, Ar, N,
mixture

== ] MEZ) B
/§& S5

Gas flows
through one
column under
pressure. CO,,

Simultaneously the
other column is
pumped on to
remove the

H,0 and CH, trapped gases
are adsorbed
on zeolite
T Contaminants trapped in
Adsorbed gas .
VPSA zeolite
Gaslzlfrom returned to <A S e - - -
we pproximate proauc 3Hg 714 7M16
company m
— composition: CsHy0 CeHys! CeHy,0
B He-85-95% CsHy, CeHysl CsHg0O,
Gas Type Concentration from well B Ar-3-6% CeHua GHye CgHie
Carbon Dioxide 96% H N,-1-10% 25:1"0 27:150 28:16
Nitrogen 2.4% » Average production rate: CHLO TR
0,
re(-:;:ll::‘ne 8'22; W 140 g/day Cehlus CHis  CeHi0,
. (0]
C:H,,0 CH CqH
Other hydrocarbons 0.21% CGHH C6H6 C8H18
Argon 440 ppm 6'112 6/ 16 oMo
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DarkSide-50 target production
UAr purification — Fermilab, lllinois, USA

Proudly Operated by Battelle Since 1965

Booster

2
o
CcB 3
Charcoal o‘g
Trap
(cBCT)
Booster
)
2
ch;innsg:rrtrztcissn acte Buffer Volume Waste Condenser 5
pa = Condenser CDF Cryogenic
?_‘OT.Ster Organics Distillation
Se ealrl;::)r Cold Column
FECB) Traps (CDC)
Reboiler
Colorado gas . :
0 o After He separation Final Product
3-6% Ar, 1-10% N,, 85- 0 0 o o
0 order-of: 40% Ar, 60% N, 100% UAr
95% He
Contaminants frozen in cryogenic systems
C3H8 C5H10O C7H14 C6H12O C7Hl6 C8H18
CSHIOO CSHIOO C6H13I CGHIZO CGHIZO C8H18
C5H12 C6H14 C6H13| C7H16 CSHSOZ C6H1002
C6H14 C6HlZo C7H16 C6H6 C8H16 C8H18 JU|y 26’ 2017 8
CSHIO C6H12 C7H16 CGHG C8Hl6 C9H20
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UAr purification — Fermilab, lllinois, USA

Booster

(7))
o
CB a
Charcoal = o
o
Trap
(CBCT)
Booster
)
=]
2
Waste c
(al
@
Pesir o T
5 3 5 Organics 3 = 5] E Distillation
a Helium a a 3 3 3
£ G g £ Cold s £ 5 = Column
(CB) Traps
[ -

\ Final contamination concentration

Colorado gas .
Nit 279
3-6% Ar, 1-10% N,, 85- | [ 1kg/day )|  1ter Fle separation rogen Ppm
95% He order-of: 40% Ar, 60% N, Oxygen 192 ppm
Methane 95 ppm
Helium 3 ppm

TOtaI DS'SO prOdUCtiOn! 157 kg Carbon Dioxide 14 ppm
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Cryogenic distillation column

The end DarkSide-50 ~7"
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Vacuum-pressure swmg adsorptlon
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Underground argon in DarkSide-50 Pacific Northwest
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Phys Rev. D 93, 081101(R) (2016) Proudly Operated by Balielle Since 1965
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DarkSide-20k target 7
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» Urania (planned)
B Extracts argon from CO,
B Same source as DarkSide-50 target
B Production:

® 100 kg/day
® 99.9% pure

Remove most CO, Scrub rest of CO, Separate CH, Separate N,
[ 1ST CO2 \ [ 2ND CO2 \ [ \ ARGON \
SEPARATION SEPARATION PURIFICATION
DECAREONATED [ = }
! 1 s 8

 — '
PSA [ - coliiesson 99 9%
CHILLER ~ | é ’ " '
e b% N _Ji "k Ar out

BATCH
DISTILLATION

0.04%

Arin | %’j

RECYCLE
COMPRESSOR

————» GAN

| = _ Gan § | NRoceN =
5 OV SR L
—‘—@—1 : o -
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DarkSide-20k target 7
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Obtaining 50 tons of UAr -

» Aria (under construction)
B 350m distillation column

B Capable of isotope separation through distillation

® Noble gas isotopes have different vapor pressure
(i.e., non-zero relative volatilities)

B Final argon purification for DS-20k
B Can further deplete UAr of 3%Ar
B Located in coal mine shaft in Sardinia, Italy

TAUP2017 July 26, 2017 | 13




o

Pacific Northwest
NATIONAL LABORATORY

Conclusions / Highlights

» DarkSide-50 successfully produced 157 kg argon target with 1400x less
39Ar than atmospheric argon

» Challenges to DarkSide-50 target production are understood (minor
contaminations)

» Residual 3%Ar in DarkSide-50 target likely from an air infiltration
=> intrinsic 3°Ar in underground argon < DarkSide-50 target €

» Plans for producing and purifying 50 tons of underground argon for
DarkSide-20k are firmly in place

» Further reduction of 3°Ar possible through cryogenic distillation with Aria
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