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Atmospheric Argon

R . ‘ el el - 1% in earth atmosphere (from 40K decays)
- Cheap and easy in large quantities .,

* Density LAr: 1.4 g/cm3
- Boiling point: 87 K (LN: 77 K)  _i.ipwf

N nHI ‘mm

38cCl 40Cl

- LAr often used in particle detectors
e * lonization energy: 23.6 eV
) - Scintillation yield: 40 ph / keV
- Large difference in singlet (6 ns)

62 and triplet lifetime (1300 ns)
Argon isotopes in atmosphere
Stable isotopes Long-lived
(abundance in amAr) | radioactive isotopes
40Ar (99.6%) 42Ar (B: 32.9%1.1 yr)
38Ar (0.06%) 39Ar (B: 269+3 yr)
36Ar (0.33%, ECEC) 37Ar (B: 35 d)

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 3



http://www.nndc.bnl.gov

atm_Ar in Current/Future Low Background Experiments

Double Beta Decay Dark Matter Neutrino Physics
GERDA (veto) DEAP-3600, ArDM (target) DUNE, Icarus,
LEGEND-200 (veto) DarkSide-20k (veto) MicroBooNE, ... (target)

PMT

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 4




atm_Ar in Current/Future Low Background Experiments

Double Beta Decay Dark Matter Neutrino Physics
GERDA (veto) DEAP-3600, ArDM (target) DUNE, Icarus,
LEGEND-200 (veto) DarkSide-20k (veto) MicroBooNE, ... (target)

Talk: Mario Schwarz Talk: Chris Jillings
Results of the background- Results and the Background
free search for neutrinoless Model from DEAP-3600

double beta decay with
GERDA &challenges of the
LEGEND experiment

Talk: Matthew Green
LEGEND: Next-Generation
Neutrinoless Double-Beta
Decay Search in

Germanium-76

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 5




39Ar in Atmospheric Argon

counts/(keV s)

39Ar is cosmogenically produced
1st forbidden unique [3-decay:

* T1/0=2069+3 yr

e (3 endpoint: 565+5 keV

Major background in LAr dark
matter experiments

Previously measured by WARP and
ArDM

WARP: LAr TPC

1.01+£0.10 Bag/kg
NIM A 574 (2007) 83-88

0.009

0.008 |

0.007 [
0.006 |

0.005 |

0.004 |

I
L

0.003 |

|

l

|
L

oo Ll

e

0.002 F

0.001 |

(

100 200 300 400 500 600 700
Energy (keV)

Reaction Estimated 3° Ar Production rate  Fraction of total
[atoms/kg/day] AAr [%]
DAr(n, 2n)PAr + 759 + 122 72.3
0 Ar(n, d)*°Cl
0 Ar(u, n)*°Cl 172419 arXiv:1902.09072 16.4
YO0Ar(y, n)¥Ar 89 + 19 8.5
W Ar(y, p)*Cl 23.8 £8.7 2.3
W Ar(p, 2p)>°Cl <0.1 < 0.01
0Ar(p, pn)*° Ar 3.6+£22 0.3
38Ar(n, ’)’)39AI‘ <0.1 (UAI‘) -
1.1 £ 0.3 (AAr) 0.1
Total 1048 £ 126 100
ArDM: 850 kg LAr TPC
Q
210 0.95+0.05 Bg/kg ey Finthha
~ J Cosm a Astrop Phys. 12 (2018) | mmm MC**U Ex Gamma
£10° — RO
I.%, 39A r MC Tank

I MC FS Pillar
I MC PE Shield
I MC FS Ring
I MC PMT Glass
I MC PMT Base
[ MC TopFlange

-
(@)
[6)]

—
Q

—
<

3

10

0 1000 2000 3000 4000 5000 6000 7000
Total detected light [pe]
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counts / 30 PE / dataset

[%]

Data - Model

Data

10°

10*

10°

102

10

A D O N N

39Ar Measurement in DEAP-3600

I I ! I ! ! I

= Preliminary et
= (26 h data) — Far

—— ER BG
= — PUBG
— —— Model Sum
L - - -+ Fit Range
=5 residual pile-up after cuts 39 A1

> ©

I IIIIIM | lIlIIIIl l IIIIIIII | IIIIIIII R

-

2000 3000 4000 5000

B68.2%  95.4% [J99.7%

Experiment

WARP
ArDM
DEAP-3600

A [Bg/kg]

.............................................................................................................

..............................................................................................................

6000
PE
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Precision Measurement of 3%Ar Shape

- 1st forbidden unique beta decay
- Weak sensitivity to ga/ gv ratio appears in second order terms of shape factors

Spectral shapes of forbidden argon 3 decays as
background component for rare-event searches
arXiv:1705.05726v1

J. Kostensalo, J. Suhonen and K Zuber

O(we) — g\QZCV(we) - gg&CA(wJ =+ ngACVA(we)

FAr(7/2) — 3%K(3/2Y)

o | . 0.00200 0380 —
- Sensitivity dominantly at low energies = (1)188
5 30 —
= 1.10 -
- Can be explored by LAr dark matter 50.00199 1.20--- _
experiments e.g. DEAP-3600 £ /
- Sensitivity is small (<0.1%) but DEAP-3600 ‘20,0018 Siftorent
will collect 3x1011 39Ar events in 3 yr = .
= ga/ gvratios
- Precision measurement with challenge to 0.00197

. 0 5 10 15 20
understand systematics of detector response
Electron kinetic energy (keV)

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 8




39Ar Mitigation in DEAP-3600: Pulse Shape Analysis

Ar scintillation:

singlets dominates
|

prompt light

triplets dominate

Pulse shape discrimination

0.05 : : , 0.05 : : ,
- excimers are created 0 0 (PSD) parameter:
M/)? \5\9" %, -0.05 |- ’ 4 005 | . Fprompt =
: —_— .(?’i £ oo} i ol 1 prompt light (150 ns)
= -0.15 | 0.15 |-
z - _ . . . ]
- Slnglet 6 ns o 02 L S'Qnal Ilke 02 L baCkground .hke | tOtal Ilght (1 0000 nS)
_ triplet: 1300 (nuclear recoil) (electron-recoil)
rpiet: S 025 E— 025 ISR factor 1010 separation
- wavelength: 128 nm 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time In<l Time [ns]
Teff (keVee)
5 10 15 20 25 »
-og_ 1 _O T T ! T T T T [ T T T T I T T T I T T T T e e e i 3 1 04 g 1 :
o . 3 o :
L RO i ?
S 0 events observed 10 o0
06 - . ................................... i
I 5':::5;: g S : i it i 1 02 -5 i
04l TR e S 10
B 1.9x107 39Ar
= = Data, 120-240 PE
0.2 |- events 10 107" Effective model -
=—'—_" . DEAP-1 prediction i |
— | L @ .
00 L e Lemond . 1 10-9 — | | | \l\ i
0 60 120 180 240 0.2 0.4 0.6
PE I:prompt
Best demonstrated PSD in LAr:
< 1.2x107 @ 90% NR acceptance
LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 9




42Ar / 42K In Atmospheric Argon

107!

“2Ar is produced in atmosphere via

e 40Ar(a,2p)*2Ar reactions (dominant)

* 40Ar(n,y)*1Ar(n,y)*2Ar (nuclear bombs)

Decay chain

* 42Ar: 33 yr, 3: 599 keV

e 42K: 12 h, 3: 3525 keV (can be ion)

e 42Ca: stable

Dominant background in GERDA / LEGEND-200

GERDA 0+ 32.9
| | }'\‘ 2- 12.360 h

42nr ‘

18 B~ 22K  A'oionn
J7 P gs

19 P~ 17.6% b 1525

—
-
-
-
-
-
-
-
-

LI IIIIII]

counts/(keV x kg x year)
=
o

IIIIIII|III|III|III|III|

Energy [keV]

= '} 60
- 0+
- 42 40
- soCa
20
L l 1 1 1 L l 1 1 1 1 l 1 1 1 l | 0
500 1000 1500 2000 2500 3000 3500 1400 1450 1500

[GERDA]

Run 5:
K42 attracting potential

Run 4:
repelling potential

| | LAh | I"I ””

L
1550 1600 1650

Energy (keV

)

LRT 2019, May 22 2019 Jaca B. Lehnert
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42Ar / 42K In Atmospheric Argon

107!

“2Ar is produced in atmosphere via

e 40Ar(a,2p)*2Ar reactions (dominant)

* 40Ar(n,y)*1Ar(n,y)*2Ar (nuclear bombs)

Decay chain

* 42Ar: 33 yr, 3: 599 keV

e 42K: 12 h, 3: 3525 keV (can be ion)

e 42Ca: stable

Dominant background in GERDA / LEGEND-200

)
m
T
)
2

o+ 32.9
}'\‘ 2= 12.360 h

42nr ‘
18 B~ 22K  A'oionn
J7 P gs
19 = 17.6% b 1525

-1 llll”[

counts/(keV x kg x year)
=
o

- p- -
E Qg 3525.4 :
- Y 60—
¥ 0+ -
- 42 40—
i 20C2a -
20
1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 l | 0
500 1000 1500 2000 2500 3000 3500 1%00 1450 1500

Energy [keV]

[GERDA]

Run 5:
K42 attracting potential

Run 4:
repelling potential

| | LAh | I"I ””

L
1550 1600 1650

Energy (keV

)
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Previous 42Ar Measurements

Reference

Experiment Technique  Activity [pnBq/kg]

DBA LAr ion. det. | <61.4(90% CL) _ NIMA416:179 (1998)

............................................................................................................................................

DBA LArion.det. | <44.0(90% CL) IntEx.T.46:153 (2003)

.............................................................................................................................................

__________________ -spec. | = 9148, - 168+22,15 |EPJC74:2764 (2014)
DBA _LArion.det. | =92+24  JofPCS7I8062004 2016)
DEAP-3600 Scintillation | =40.4 +5.9 arXiv:1905.05811 (2019)
DBA ionization GERDA y-spec.
main systematic: main systematic:
background electric field

* Recently: Measurement in DEAP-3600

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon | 2




42K Measurement in DEAP-3600 """ G

a TR
s I
LS 0.8 LAr alphas
i . —ra e TR LD
0.6} :
;3 | |
0-4 "_-:.'-'_‘.;é'-*'.?'.'_.‘._'-,'_:—'.—"— | w— L w— 0 w— 0 —

10°
10?
10

- ""ER band :

ST e e el Ao e A i

40K 208T]

counts / 100 PE

5000 10000 15000 20000 25000 30000 35000 40000 45000
PE

Dominant activities from screening or

-
~—]
N

literature values (approximate)

specific Concentr
activity ation
[mBa/kg] ~ [ppb]

<\d LAr | 3300 | 1010

...................................................................................

z2rapa| PMT glassé 26

...................................................................................

2<iU)|PMT glass. 169 @ 921 75

4 ¢|PMT glass. 100 | 546 | 18

Activity

Isotope Location
> [Bq]
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42K Measurement in DEAP-3600 " G

10

> E : . . ; ;
g — |~ ArLArbulk = *2Ar*%K LArbulk == 22%Rn LArbulk == 2°Rn LArbulk ~—— "°Pb LAr surf == ?Ra AV bulk
1 =
— __ c\: = | —22Th AVbuk = K PMT all e 2°Ra PMT all === 2?Th PMT all === *'Co SSS bulk === neutron PMT glass
L2 /A \I 5
_S 1 0 B 1 S .........................................................................................................................................................
= /) i \ P
BAYESIAN ANALYSIS TOOLKIT g 1 0_2
https://bat.mpp.mpg.de 8
’
— ~ | 100mm
£ k‘
\‘.
' e MC simulations of all background
components
e Full Bayesian posterior fit with BAT
* Activity priors based on
* Material screening
| * Literature values
i e Dedicated in-situ analyses

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon | 4



https://bat.mpp.mpg.de

42K Measurement in DEAP-3600

arXiv:1905.05811 (2019)

counts / 28.9 keV / dataset

(data - MC) / data [%)]

orr

0 5000 10000 15000 20000 25000 30000
%..! ......... S SO O SUUUUOO UUUOOO0 OO OO O Lt b Lot T oottt b T L= 6 =
= Data — MC Sum —— PArLArbuk = ®Ar/K LAr bulk é; 100 >
I S 222Rn LAI' bUlk ——— 220Rn LAr bUIk 210Pb LAr surf — 225Ra AV bulk —%a 105 g)
------------- —— **Th AV bulk “*Th LG bulk — “*ThFBbuk =—— “KPMT all =] g X
39 226 2w 60 226 =10 5
Ar ......... Ra PMT all Th PMT all = G0 SSS bulk = “"Ra SSS bulk  |.. — 10° o
_______ 232Th SSS bulk__—— neutron PMT glass = I
: . = 10° £
K \ - 208T]| = £
o ~ i 214B|42K ........................................................... 1; 10 8
“:_“_:%J"Lﬁ T = O

0 500

1000 1500

2000 2500 3000 3500

4000

4500

B 68.2%

95.4% [ 99.7%

(systematics on energy scale and resolution not included)

E [keV]

LRT 2019, May 22 2019 Jaca

B. Lehnert
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42Ar Summary

Reference

Experiment Technique  Activity [pnBq/kg]

DBA LAr ion. det. | <61.4(90% CL) _ NIMA416:179 (1998)

............................................................................................................................................

DBA LArion.det. | <44.0(90% CL) IntEx.T.46:153 (2003)

.............................................................................................................................................

__________________ -spec. | = 9148, - 168+22 g EPIC74:2764 2014)
DBA _LArion.det. =92+24  JofPCS718062004(2016)
DEAP-3600 Scintillation | =40.4 +5.9 arXivi1905.05811 (2019) %
DBA ionization GERDA y-spec. DEAP-3600 scintillation
main systematic: main systematic: main systematic:
background electric field energy scale

- Three independent measurements of 42Ar / 2K activity in atmospheric LAr
- Different systematic uncertainties
- Dominant background for GERDA / LEGEND double beta decay search

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon | 6




42Ar / 42K Background in GERDA + LEGEND-200

10°

102

Counts /10 keV

10

107

42K  region of
< interest

<

enriched detectors - 60.2 kg

[ |Data w— Model — 2vRf — 2280 §
— 212 4 2087} — 214 4 214pp e 00 — 40K é
—_— 2K e 24P g == ?1%Po + #*Ra &

",
|

y

. [hitp://doi.org/10.5281/zen0do.1287604]

measured GERDA
background before cuts

. |

-4
1074000

HV cables

Signal cables

Detector mounts (Cu)
Detector mounts (PTFE)
Silicon plates

Nylon shrouds
Electronics

Optical fibers

2K p-decays

6aGe

&0
Co
w-emitters

u-induced

ALL BACKGROUNDS

10°®

3000 35

1 -7 1 -6
0 Backg?'ound Index

] “"U, ““Th Chains
[ Atmospheric Ar
[ ] Ge Cosmogenics
[ ] Surface as

[ ] Cosmic Rays

[ Total

-4

4000 4500 5000

Single-detector energy (keV)

-5
1
ﬁgper Limit [cnt%/(kev kg yr)] 9 Jaca B. Lehnert Radiopurity of Atmospheric Argon
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http://doi.org/10.5281/zenodo.1287604

42K Background Mitigation: GERDA + LEGEND

1. Avoid 42K ion drift
* Deploy nylon mini-shroud around
detector strings
 Transparent and TPB coated to

shift 128 nm scintillation light
Eur. Phys. J. C (2018) 78:15

moleg_.. 1 Smgle site n“'f/ ...................... NO,BE. Pulse Shape parameter: A/E
i i ) odf « Charge pulse (red) from FADC

] SRS 2\ VR 04f e Current pulse (blue) yields amplitude A
) S A B Al o2f « Reconstructed energy independent of

0.0: 81500 81:100 816IOO m 0.0: 81500 81:100 81(1300 81é00 82(')00 pUIse Shape E

t [ns]

Color: weighting field

Eur. Phys. J. C 73, 2583 (2013)

1 " N L " L " " L A 1 - " 1 A L 1 " il " 1 A
81200 81400 81600 81800 82000 81200 81400 81600 81800 82000[ :
t [ns] t[ns

3. Future: Potentially use LAr from underground sources in LEGEND-1000

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon | 8




36Ar - Neutrinoless Double Electron Capture

O+

2+ 3.01x10%y
- X

1.90% 98.10% 36
18Ar

GERDA y-spec:
* sensitive only to
single y emission
low efficiency
high resolution
low background

DEAP-3600 calorimetric:

sensitive to all possible
decay modes

~100% efficiency

poor resolution

huge 3°Ar background

QB_708.6

‘:'I”gS Qe 1142.07

36Ar + 2~ ---> 36S + 2 X-ray + E

« Q-value =432.58 + 0.19 keV

* Lepton number violating process with 3
possible decay modes:
* single Yy emission (429.9 keV)
- double y emission
* internal conversion e-emission

counts / keV

N
o
o

e combined data set =—— best fit [ ] 68% probability band
— 90% cred. limit 95% probability band
L GERDA 16-03
. Eur. Phys. J. C (2016) 76:652
- °

>3.6x1021 yr (90% CI)

PO ST ST T T TN T T SN NN TN SR TR S ST T SO S |

||||||||||||||||

410 41 420 425 430 435 440 445 450
energy [keV]

LRT 2019, May 22 2019 Jaca B. Lehnert
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40" 36Ar - Radiative OVECEC in DEAP-3600

450 .....

woe teey. . ... Preliminary |« ou — Model best

350 ---------------------------------- ------- (247ddata) ------------ —— Model bg only —— Model 90% limit

O LT L LR L L L L L L rr LT L L T T T T T T T T L LT Tt Lr T T L T T T T T T L L T L T  CL L T L T T L T L T L T T -SITTIIY

corr

15000 20000
T T

25000 30000
I T

counts / 4.0 keV / dataset

(D-M)/D [%]

“v .................... G —— > .................................... .................... Y 90% limit v ......

+ Best fit e
............................ vY

Signal Counts
—h
(41}
o
o
o
IIII|IIII|IIII|
<

390 400 410 420 430 440 450 460 470
energy [keV]

* Peak search at 432.6 keV on large 3°Ar background
* The semi-empiric bg model describes the peak region with high precision O(10-4)
* Background in search window: 7.5x107 cts/keV or 4x104 cts/keV/kg/yr

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 20




450

counts / 4.0 keV / dataset

(D-M)/D [%]

Signal Counts

36Ar - Radiative OvECEC in DEAP-3600

O E e e e O e r e aeearrearrenrrrnrern s Lo riiirriiririsinssirssinssinassCessinriiiiieinsesiss PIRACT

0 5000 10000
T T

15000
T

20000 25000
T

PE,
30000
T

= MC Sum

PMT all
#*Ra SSS bulk

4000 4500

ution not included) | E [keV]

Prellmlnary * Data

......................................................................... — Model bg only

—— Model best fit

—— Model 90% limit |-

O LT L LR L L L L L L rr LT L L T T T T T T T T L LT Tt Lr T T L T T T T T T L L T L T  CL L T L T T L T L T L T T -SITTIIY

20000 E_““ .................................... .................... o ........................... > .................................... .................... Y 90% limit |
15000 g_-ﬂ ..... ———————————— e W, - S— + Best fit e

Experiment

GERDA Phase |
DEAP-3600

Theory (QRPA)

Mode

....................................................................................................................................................

1038yr (@ my = 1 eV) gA. Merle, PhD Thesis (2009)

460
energy [keV]

470

LRT 2019, May 22 2019 Jaca
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Conclusions

* 39Ar (=1 mBqg/kg) Experiment A [Ba/kg] Reference
* Agreement in literature WARP 1.01 £0.10  NIMA 574 (2007) 83-88
- Important background for DM exp. e e

- Precision measurements ArDM
interesting for nuclear structure (ga) [[PA=Alz=21000)

..............................................................................................................

0.953 +0.028 M. Dunford, PhD Thesis (2018)

* 42Ar (=40-100 uBg/kg)
- Three independent measurements: Tension between results
- Dominant background for GERDA / LEGEND-200 double beta decay experiment

Experiment Technique Reference

Activity [pBg/kg]

DBA LArion. det. | =92+22 4 Jof PCS 718 062004 (2016)

.............................................................................................................................................

DEAP-3600 Scintillation =404+359 ;al‘XiV=1905-05811 (2019)

» 36Ar (0.33%) Experiment  Mode Half-life
» Double electron
capture isotope

o Tip>3.6x1021 yr  [RAZAlE Y

Theory (QRPA)

GERDA Phase |

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 22




Backup

LRT 2019, May 22 2019 Jaca
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39Ar Mitigation in DEAP-3600: Pulse Shape Analysis

Ar scintillation: 0.05 - sSinglets dominates -, ¢ pro,inpt “g,ht iplets dominate - Pylse shape discrimination
- excimers are created i \aman s L 1 s o ey 0 (PSD) parameter:
>
W d\g\v o -0.05 |- 4 005 | E Fprompt =
g < @VL{ § ohr 1 % 1 prompt light (150 ns)
E 05 4 oust )
Z . . _ H ]
singlet: 6 ns =l S|gna|-I|k§ _ on | baclkground -I|lke ] total ||ght (1 0000 ns)
triplet: 1300 ns (nuclear recoil) (electron-recoil) |
' 025 ' ‘ ' 025 | | ' | factor 1070 separation
wavelength: 128 nm 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time [ns] Time [ns]
‘6_ 1 -O N DL R DL I L RN DRNL NN NN BRNL L RN N DRNL DL N BNL B DN BN L RN DR RN L AR RN LA DENL AL A NN RN BN R RN HNL N DR DR AR DR NN AL L 107 cC
: : no fiducial volume cuts - o
us 0.9 - WIMP ROI 210 222 218 214 E @
- Po Rn Po Po - 10° &
08 F 5.4 I\iev 5.6 Miv 6.1¢I\/Iev 7.8 MeV o 12
e " . A ' = =
.. - ] - . . ....l. ] o i. . - Il.ll - " . '__: 5 3
0.7 .'. %. o ! [ l.l: il '1:.m E"m. : F#‘ E - 10 8
0.6 | alphas in LAr “nuclear i 10°
0.5 f-. recoil band” =
39 1460 keV 2614 keV = 3
04 [ TV E 10
0.3 .r = 102
02 ............. _:
0.1 “electronic | I 10
' 4.4d dataset : . : recoil band” g 1

O -
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
PE

DEAP 3600 commissioning data
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DEAP-3600 ER Component Activities

Component Included Simulated Total activity Reference
in model? isotopes [Bq]
*Ar LAr bulk F > Ar 3282 + 340 [11]
2 Ar/**K LAr bulk F 2Ar, 2K — —
*22Rn LAr bulk C 21ipp, 211Bi (5.94+0.7) x 107* 6]
220Rn LAr bulk F 212pp, 212Bj, 208T7] (8.54+4.9) x 10°° (6]
“Pb LAr surf C “1Pb, “''Bi (2.2+£0.4) x 107° 6]
“*Ra AV bulk F ““Pb, “*Bi, “'"Pb, “'"Bi < 0.08 [screening]
232Th AV bulk F 228Ra, 2*®Ac, ?1?Pb, ?'?Bi, 2°®*TI < 0.22 [screening]
19K AV bulk N 0K <25 [screening]
“**Rn RnEm D “1*Bi <1 3]
*Rn RnEm D 208] <1 [3]
“*Ra LG bulk N “1“Pb, *'Bi, *'Bi <04 [screening]
232Th LG bulk F 228 Ac, 212Pb, 212Bi, 2°% T < 1.3 [screening]
K LG bulk N 0K < 4.6 [screening]
“**Ra FB bulk N “1%Pb, *'*Bi, *'"Bi < 1.5 [screening]
*32Th FB bulk F 228 Ac, 212Pb, #1?Bi, *"* Tl < 0.9 [screening]
1K FB bulk N 0K < 9.6 [screening]
“?Ra PMT all F “HPb, “*Bi, “'Bi 216 + 24 [screening]
232Th PMT all F 228 Ac, 212Pb, 212Bi, 29°T1 39+4 [screening]
K PMT all F 0K 454 + 33 [screening]
neutron PMT glass F See caption — —
“**Ra SSS bulk F “1“Bi 10.6 5.8 [screening]
#32Th SSS bulk F *28 Ac, 20°T1 9.7+ 5.6 [screening]
%0Co SSS bulk F Co 78+ 11 [screening]
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DEAP-3600 ER BG Model Priors + Posteriors

Component Input prior [Bq] Best fit [Bq] Central 68% interval [Bq]
*?Ar LAr bulk 3282 + 340 3009 (2977 — 3042]
2 Ar/**K LAr bulk [0 —0.3] 0.129 [0.126 — 0.131]
*22Rn LAr bulk =59x107* - -
*20Rn LAr bulk (8.5 +4.9) x 107° 7.4 x107° < 13.7x107°
“UPb LAr surf =2.0x 107" - -
“*°Ra AV bulk (0+8) x 10~ 0 < 3.9x107* (90% CI)
*32Th AV bulk (04 22) x 1072 1.5 x 1072 [1.1 —1.6] x 1072
“>*Th LG bulk 0+1.3 0.13 < 0.2 (90% CI)
#32Th FB bulk 0+0.9 0 < 0.27 (90% CI)
K PMT all (500 — 1500] 776 (757 — 795
*2Ra PMT all 216 + 24 136 (131 — 137]
232Th PMT all 3944 41.5 [38.1 — 44.4]
neutron PMT glass [0 —5] x 1072 1.47 x 102 [1.33 — 1.62] x 102
®Co SSS bulk 78 + 11 45.0 [42.5 — 47.5]
*26Ra SSS bulk 10.6 + 5.8 4.9 < 12.9 (90% CI)
232Th SSS bulk 9.7+ 5.6 43.0 [36.9 — 49.0]
. w00 o000 5000 o000 200 ooy TE 5 ::: l A
H e é oL
v s 7 7 Sl R
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Systematic Uncertainties 42K Activity

counts / 20 keV

10° §

108
107

10°
10*

10°
10

\ ’;.n TABLE IV. Systematic uncertainties for **Ar/**K activity
~ guides | measurement.
— T Systematics Fraction of activity
pMT‘Q Fit uncertainty 2%
closesource | 1 | MC simulation 3%
L steel LAr mass 3.4%
ey - Nuclear physics 4.7%
far source *3 Energy scale < 0.8%
| WS Topology correction 13%
* Subtotal 14.7%
. Age of LAr 1%
' N
PE o

5000 10000 15000 20000 25000 30000 35000 40000
' BB B | SR LR B BB L LA LRI N | B SLANLENL B NN RN NI L B R B

|
39Ar 40K§ 208T| g

565 keV 1461 keV§ 2615 keV
1 208T] sum
: '+ 2615 keV
i1 4+ 1094 keV
208T| sum (% iv = 3709 keV
: 2615 keV ::
:  + 861keV:;

: ¢ =3475keV::
1 | 1 a1 1 | 1 1 'y 1 | 1 ety | 1 1 1 1 | 1 1 1 1
1000 2000 3000 4000 5000 6000

E [keV]

LRT 2019, May 22 2019 Jaca B. Lehnert Radiopurity of Atmospheric Argon 29




