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GUIDE TUBE CALIBRATION DARKSIDE20K

PLAN A

Injected sources
(electron recoil only)

Natural internal source

(3* A.r)

Limited number of sources

Injected gaseous sources
(83mKr, 220Rn)

Limited number of sources

Guide tube sources
(electron + nuclear recoil)

External gamma sources

0(10) em TPC penetration

External neutron sources
(AmBe, AmC)

Non monochromatic

DD gun

Recoil energy
reconstruction

Before calibrating the detector with sources in the guide tube, it is necessary
to estimate the background rate of events generated in the TPC by the

tube material in itself




FOCUS ON ELECTRONIC RECOIL

There are two kind of events:

- Nuclear Recoil events Courtesy of H.S. Lee
- Particle scatters on nucleus (if WIMP : through unknown WIMPs/Neutrans [ H H ‘}{ H H }

process)
- Fast but small Y production, few e-
- nucleus-nucleus and WIMP/nucleus interactions apriori
undistinguishable from
---> Events discriminated with veto outside of TPC

Enr=1-100/k

Nuclear Hecnﬁﬁlﬂ}: S1 fast
- Electronic Recoil events Y prod. + few ionization el.

- Y scatters on electronic orbitals Gam.'mas
- Many but slow Y production, many e-

- Distinguishable to an extent through Pulse Shape
Discrimination (PSD) method

We will focus on the electronic recoil events @ Electron recoil (ER): S1 slow y

generated in the TPC by radioactive elements of prod. + many ionization el. (5xNR*)
the tube Ssz-I ER -~ 82:',81 NR
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PULSE SHAPE DISCRIMINATION (PSD)
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ER* BACKGROUND RATES

A

Estimate decay rates from
radioactive elements of the tube

*ER : ELECTRONIC RECOIL

0

B

Find the number of events in the
TPC volume through GEANT4DS
simulation of the tube for each
radioactive source

C

Apply various cuts to estimate
the number of remaining events
in a given fiducial volume



: A_DEEBRATE - RADIOACTIVE COMPONENTS

Propreties of radioactive elements in SSArDM (The Lund/LBNL Nuclear Data Search)

nantS tean sty Re/0g) in spsr:f:?rl:lt I;:*II;IJ’IEEIJ in ?sr:rannf:ﬂﬁgn;'kgl

137 ¢cs 30.18 3.20e+09 4.69e-10

A0 1.28e+409 2.59e+02 0.02 6.40
o 5.27 4.18e+10 3.11e-10 13.00
238 4.47e+09 12.44 4.01 50.00

2327h 1.40e+10 4.06 4.92 20.00
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R — DECAY PER YEAR ESTIMATION

A - DECAY RATE

Rate= Activity x Mubes)

/ ‘ AN
Number of decay / time | Mass
(Time, x Mass) ™




@ DECAY PER YEAR ESTIMATION

O O

A-DECARATE TUBE MASS
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@ DECAY PER YEAR ESTIMATION

0O O

A - DECAY RATE TUBE MASS

-7 for pm 2 Mgreat Plana 2 tubes en U

!
{— () 23,5 4 with rho=8.0 g/cm3

M((_,b): 'iquel %

P p=ho gje

gm(ui): 14,3 %
m(02) = 148 QE?L

M(tubes) = 29.0 kg




0 @ : DECAY PER YEAR ESTIMATION

A - DECAY RATE
Exemple ~ Cs
ACTIVITY > Aelivy = 0005 Balkg
STAINLESS STEEL ACTIVITY Rote= 0000 Pg/kg x 21 kg = 0044 decay/s

Radioactive contamination [mBq/kg] = |4—)(|O %@(}QY/Y

2327} | 238y | 60y, 10K 137Cs

Sample identifier

10 10 — -
20 50 13 6.4
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B - SIMULATION

NUMBER OF SURVIVING EVENTS

Events 1n Volume

Surviving Events Rafe = X Kate
Total of events simuloted

0 events simulated /
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B - SIMULATION

Counts

Energy distribution for ER

all evants in tha TPC

— single scattars

single scattars in FW uing
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®

: 0 Taking detector response into account
B - SIMULATION

Res(E)=0.0023 + 0.334/VE

Energy distribution for ER with resolution

Energy distribution for ER before resolution

= all evaniz in tha TPC
10° :_ — single scattars rl#l\\l
- — single scattars in FV
+28 LE events :
= — £
S 3
O 2
+117 ROl events 107 - |
1 : 1 1 | 1 1 1 I 1 : 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 : 1 1 | 1 1 1 | 1 : 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 | 1 1 1
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33234 ROl events in TPC | 1150 224 LE events in TPC 33347 ROl events i m TPC 150 352 LE events i m TPC



0 0 Exclude non-single scatter events

nclus_elec
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C-CUTS

Number of events registered in Z,R? plane
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Number of events registered in Z,R? plane
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Number of events registered in Z,R? plane
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®

R DECAY PER YEAR ESTIMATION
ACTIVITY Exemple, ”'Cs
STAINLESS STEEL ACTIVITY Activity = 0005 Bg/kg
Sample identifier Radioactive contamination [mBq/kg]
i | By | Bge | YK | P Rate= 0000 Paglkg x 1%g = 0044 decay/s

10 10 = = =

b
20 | 50 | 13 | 64 = 40 “decay/y

13 events

4xI0 bdaoay/ y

Surviving Events Rate < —
0" events

— 03 crntly

Statistical margin

m]




O O
ER BACKGROUND RATES

BacRsround event rates for 56kg of stainless steel, 1e7 events simulated
m Lacay/s events sim FV events/y events/y PSD
Bis 1.5 0.0€ 2.65e+06 <2.30 <0.00
K 6.4 0.35 .13e+07 <2.30 <0.00
REn 13.0 0.72 2.30e+% <2.30 <0.00
21 50.0 2.80 8.83e+07 <2.30 <0.00
234TH 20.0 1.12 3.53e+07 <Z22( <0.00

Predicted background rate [eventsy
2527 | 238y 80 ("o 10K
<l6 | <24
<44 | <12

A. Kish's resultsNQr 25 kg tube, and
statistical margin of WJnstead of 2.3)

<1.1 <0.5

)




ER BACKGROUND RATES

Background event rates for 29kg of ArDM stainless steel, 1e/7 events simulated

Contamination _

137 1.37e+06 <2.30 <0.00
40K 6.4 0.18 5.86e+06 <2.30 <0.00
60Co 13.0 0.37 1.19e+07 <2.30 <0.00
2381 50.0 1.45 4.58e+07 <2.30 <0.00
2327 20.0 0.58 1.83e+07 <2.30 <0.00

Predicted background rate |events§ ve:
232TH | 238y 80 (g 0K
<1.06
4.4

A. Kish's results for 25 kg tube, and
statistical margin of 1 (instead of 2.3)

<1.]

17




OTHER SOURCES
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POTASSIUM

Number of events registered in Z,R? plane
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Energy distribution for ER
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URANIUM

Number of events registered in Z,R? plane

}u———L"————"——lAE———AH 4?—- ﬂf
1501 238U L=
1002 -®-9-9-9--9--9-8-9
50— L —10
T - L :
E. 0__ E . i
N L : ' _
50— g L
B ' ! 1
B : . ]
-100 .o
: B
~1501— .
0 v e ol e i i g
0 5000 10000 15000 20000 25000 300 40000

R? [cm]

Counts

Energy distribution for ER

.E = all avanis in the TPC
B : — single scatters l|
102 :_:: : -— single scatters in FV
f : T
| )
. ¢
i3 : 238
L By —_
K *
K ¢
. ¢
1o ®
T R B G R AR IR B R BT A
0 20 40 60 80 100 120 140 160 180 200
Deposited energy [keV]
Number of events registered in X,Y plane
200
150/ 75 ‘ U
T I AN B
5001 PR AL
— R N
£ [l e l
= oy - |
> B ' = e —
B H ' n By [ B H -
_50:_“h :." .II...I o :-..- -.: i1 }ﬂ:g
I~ = 2 H B .-
~100— e o :".-'-.r-;.r
B ..-..\‘II
150: LI L
_ | S T T
: S
_209_IIII|IIII|IIII_|::?I_I_IHIII|IIII|IIII
-200 -150 -100 -50 0 50 100 150 200

X [em]

102

10

ONLY SINGLE
SCATTERS (SS)
IN ROI

8046 SS at ROI

2



®

THORIUM

Number of events registered in Z,R? plane

150F 102

100 -

50F
N 10

~100}p.. -0 -0 -0--0--0--0-- 8

~150F

0 5000 10000 15000 20000 25000 30000 35000 40000
R® [cm?]

Energy distribution for ER

10° —
E = gll evenis in the TPC
: — single scattars ﬁ
— |. = single scattars in F\W
)
102 X
¢ .
¢ o
| ]
¢ .
® [ ]
. . 232
g3 : Th
- o )
' °
4 2
[
; -
1 _L. 1 1 | L 1 1 | L . 1 | L 1 | L | 1 | L | L | L | L 1

0 20 40 60 80 100 120 140 160 180 200

Deposited energy [keV]

Number of events registered in X,Y plane
200

150

100 02
50 -
L "
S, 0 .
>_
50 g 10

~100F

-150F
- 1

20800 150 —100 50 0 50 100 150 200

ONLY SINGLE
SCATTERS (SS)
IN ROI

13833 SS at ROI

22



NR* BACKGROUND RATES

A

Estimate decay rates from
radioactive elements of the tube

*NR : NUCLEAR RECOIL

0

B

Find the number of events in the
TPC volume through GEANT4DS
simulation of the tube for each
radioactive source

C

Apply various cuts to estimate
the number of remaining events
in a given fiducial volume
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: : NEUTRON SOURCES

A -DECAY RATE

In underground experiments looking for rare events such as
WIMPs interaction, some background events may be caused by
neutrons single-scatter interactions. Those are expected to be
indistinguishable from the events of interest.

Nuclear yield from (a, n) reactions depends on the alpha
energy, cross-section of the reaction and alpha energy loss in
a sainless steel. The rate has to take into account all the decay
chain.

Spontaneous fission contribution is only significant for U238

[ 016% . B )
— [ -.gl Pﬁ—:}

¥ - ' -
238 U . 234 Th 8 EHdm Pa/! 1,17 min 6,7 h 234 U
© 00 5' 92

00, 84% 3
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o ot
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1.8 x 10 " neutrons/decay

-7
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Energy distribution for N e
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Rate [n]

C-CUTS

x10°° h1_Eveto2
a5k Entries 116
o Mean 0.7294
H Std Dev  0.6599
By
25
21—
151
1= e
= i
05— .
0 _l 1 I 1 11 ].-lL_r .: ;__i__L_L_L_LJ__L_l_L_Lj__L_L L_LJ__L_L_L_LJ__LJ_ { I I__L |l | I_I._ 1 i B
0 1 2 3 4 5 6

7 8 9 10
Deposited energy in the veto [MeV m]

Energy distribution rates for veto2

Rate [n]

DISCRIMINATION OF EVENTS BY VETO
COINCIDENCE

PLAN A

Energy distribution rates for veto1

x107° h1_Evetol
= Entries 679
30— -I- Mean 1.367
- Std Dev 0.8133
25—
20—
15—
10—
5 t http://deap3600.ca/darkside-20k/
Attt ¥
O_IIIJIIJIr'-LlJ-hII'*I-'Tl-l-l-I"I'II-I-III||||I||I|II|!IL.JL._IIIIII
0 1 > 3 4 5

8 . T 8 9 1
Deposited energy inner veto [MeV W]

27/



BE]

Deposited energy inner veto [MeV

-
(=]

C-CUTS

VETO ENERGY COINCIDENCE

Inner veto

h2_ EvsE1
= Entries 679 ”
s Mean x 738 )
- Mean y 1.371
C = Std Devx 44.27
= Std Devy 0.8316
— E 107
:_ = = - =
E 1 B "
= . l = J____L_'i“ - . Ei'"‘.—, _ : i i, — 107®
:_ o= = J__ = - -
- ‘_, U T B N | T m mn i = =
e :.=; - ; ll = = __§ - ==7 : ‘ s
E, o [ ] i ' ] B B \L = . =
= m . "= w H B Ww " my T om
1 eS| i2=_-| i ﬁ 0 :-'-:-':l [EEEa ‘.i-_-i‘l-- 1 I 1-.:|| 1 S 1 L1 1 i_1| L1 | 1 1 I 11 1
0 20 40 60 80 100 120 140 160 180 200

Deposited energy TPC [keV ]

Deposited energy outer veto [MeV ee]

-
o

Outer veto

|II|‘IIII|I|I||II||‘]II|‘IIIF|I|I||II||‘II|||IIII

B [ |

r | | | | | I o8 ] BN i JSEpe ) | | | | I=]- i J. WSS | | o) | i | [ [ |

h2 EvskE2
Entries 116
Mean x 75.43
Meany  0.6922 |
Std Devx 49.27 |
Std Devy 0.6332
10°®
107°

0

20

40

60

80

100

120

140 160 180 200
Deposited energy TPC [keV ]

23



alleventsin ’é’a’?ﬁl‘m‘s‘w -

. |— single scattefgean 140.8
e | |—single sc.atteL?iHﬁFV i9is
e QS inFVIwith veto cut
-, DRI Y0 ¢ SINGLE SCATTERS
IN ROI
5 +”+1+++H INSIDE FV
93 fitht , NOT TRACED IN VETO
f’r

5 t
N

Energy distribution for NR

Rate [n"]
g/
/
i
i

107

C-CUTS

102

| I||EIHI..|. I I||IIII|

et L

‘r t t
ST

fy
|f| l‘| ‘l‘

Iy I

it
l b WH I M i 113 SS ROI events in TPC

10-? L 1 1 1 | d | ] o L1 ﬁ Ps
0 50 100 150 200 250 300 350 400
Deposited energy [keV ] WIth Veto CUt
events registered in Z,R? plane events registered in X,Y plane
? h2_1ssVeto . B — h2_2ssVeto

' T s W WA : . Entries 23068 = — s Entries 23068

' 1| Mean x 2.409 > & = RO Meanx  -0.004986

| Meany  -0.3984 1.5— Th Meany  0.00246

_ StdDevx  1.043 & " . < Std Dev x 1.099

i Std Devy 1.317 . ’ ""i.\ Std Dev y 1.097
05—
0
-0.5
-1
| 15

1 e R GO GRS G A | = -
0 0.5 1 1.5 2 25 3 -2 -1.5 -1 -0.5 0 0.5 1 1.5

29



OTHER SOURCES

O

30



Energy distribution for NR

all-events-inthe TEC
: : Y Entries | 1049439
g . |—single scigtte Bean 128.1
£l TRzms . |— single scatter3dpprEy1%2

o o 0t T |—SS in FV|with veto cut 79816 ROl events in TPC

Rate [n]

I T TTTT
L

I
J

+ Ty
- e +;
i Eohins o T PR

B - SIMULATION : o, e,
- +++'r.|.+4l:-p-++
107 S ; ﬂ#*‘l'f ;
= ik 238 t

" :_JrH { wj‘ﬁrﬂﬂ{ﬁ’rﬁrﬂ U ’rjer]L ALL N R
o, Mo at ROI € [30,200 keVee]

iyt i
A W el

0 50 100 150 200 250 300 350 400
Deposited energy [keV ]

1077

events registered in Z,R? plane . events registered in X,Y plane s
2 1
- - 2, o
= — [ ——————— @ Entries 7487770 E - Entries 7487770
1.5 B | || Mean x 1.982 > = Meanx 0.0001366
L | [ Meany  -0.2074 15— Meany  0.001274
L | I StdDevx 0966 = StdDevx  0.9954
T_:."."'.".".'"."."'"."" """ } Il Std Devy 1.003 1 Std Dev y 0.9954
05— v { 0.5
E ® | -
o O | of-
- ® I -
-0.5 e '. | ~0.5— 107
E : | =
e I’ i l -1 ™
-19--0-0-0-0-0-0-0--0- P I n
m I 18
158 | | 15 =
I ST T - e % .
| | | |_l 1 1 1 |—|- | | | ] -I—l 1 1 1 T_l 1 1 1_1 1 1 1 |_r 1 1 1 1 1 1 | R | "2 | | 1 1 I 1 1 1 1 | | | 1 ] I 1 | 1 1 | [ 1 1 1 | | | 1 1 I 1 1 | 1 | | 1 I 1 10
0 0.5 1 15 2 25 3 35

=2 -15 =1 -0.5 0 0.5 1 1.5 3 /|



140.8
101.8

ONLY SINGLE
SCATTERS (SS)
IN ROI

64957 SS at ROI

h2 2ss

PEnergy distribution for NR il events in foe TRQ
- L £ ries 71017
2 | - |—single scattefgean
@ = 1074 _—- Wﬁf’mwmﬂ _Sing]e SC&HEL@Q‘%FV
z T e S8 INE V| with veto quit
o o) £ . " et by |
C-CUTS -
10° E‘I‘_ Ht +
= : AT
- i 23 Wity
i i LT Lrh g”f iy
ottty T i
ziﬁ;'“f”fiﬂt--ﬂ--. *H’} W: | i
L g AR, 0
LA 50 100 150 200 250 De%gglted 350 1 900
events registered in Z,R? plane — events registered in X,Y plane
e = Entries 63811 E ¢
Mean x 2.794 >

Meany -0.2189

* || stdDevx 08304

1.186

—
o

1 15

2

-l StdDevy

—

o
3

o

|
&
o

I
s

|
iy
o

Entries
Meanx -0.004144
Meany -0.001268
RN Std Dev x

- B Std Dev y

63811

848 SS in FV (ROI)

1.183
1.181

I
| na

RITTTTITTITTIITI T I I T T I T T T T T T I TITI I ITTd
LTI | I | I | l

X [m]

SINGLE SCATTERS
IN ROI
INSIDE FV

32



Z[m]

C-CUTS

Energy distribution for NR

Rate [n"]
|

107

102

| I||EIHI..|. I I||IIII|

et L
+

10°®

1

Aall avante in tha TiECY
e "'l“" " ;’[' Enfries’ 871017
‘_%‘m ' "—"S!ng e SC& e ﬂean
; e, | [—SiNgle scatteL?ﬁPﬁFV
i e eSS NEVIwith veto g
E +++ E % wﬁ"""“'..."}“"‘-ﬁ“m
: "
E %
5 " ty
i ¥ u
4t y tf +Jr1'

f

y

232

+
Th f

kg,

frf

f

mll

140.8

101.8

|

1077

| T TR 0 ] |

= I Std Devy

0
h2_1ssVeto
Entries 23068

2.409
-0.3984
1.043
1.317

| Meany
Std Dev x

Y [m]

l
150

200 250 300
Deposited energy [keV ]

350

400

ut

ﬁ

events registered in X,Y plane

SINGLE SCATTERS
IN ROI
INSIDE FV
NOT TRACED IN VETO

164 SS ROl events

with veto cut in FV

IlI[lIII!|lI[[|IiII|I[II|1I|I|iIIIlIIII

h2_ 2ssVeto
Entries 23068
Meanx -0.004986
Mean y 0.00246
Std Dev x 1.099
Std Dev y 1.097

33



O

NR BACKGROUND RATES

Background event rates for 29kg of ArDM stainless steel, 1e7 events simulated

Contamination surviving ontrib fnr 0.21

238(y 1.4 9.16e+08 4.39e+02 <164.00 <0.00 3.43

2327h 20 0.58 3.66e+08 6.59e+02 <133.00 <0.00 4.17

Background event rates for 29kg of stainless steel, 1le7 events simulated

Contamination surviving ontrib fnr 0.21

2381y 0. 1.83e+08 8.79e+01 <164.00 <0.00 0.68

232Th 10 0.29 1.83e+08 3.30e+02 <133.00 <0.00 2.08

Background event rates for 25kg of stainless steel, 1e7 events simulated. 89 events for each (ITS A TEST)

Contamination surviving ontrib fnr 0.21

238 1.58e+08 7.57e+01 <89.00 <0.00 0.32

35T 10 0.25 1.58e+08 2.84e+02 <89.00 <0.00 1.20



0

O

O

NR BACKGROUND RATES

Budget 1

Ce

(0.21 events in 200ty

Sample identifier “=Th += 1
3S 0.9 0.2
SS ArDM 1.9 (.9
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