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Last time presentation

d Presentation of my internship work : study of Plan A DarkSide-20k
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Overview

- Geometry of the TPC in g4ds : Plan Avs Plan C

-> Calibration with sources in the calibration tubes
-> Calibration with photons sources : Plan Avs Plan C
-> Calibration with neutrons sources : Plan Avs Plan C
-> Possible improvements for Plan C
-> Time estimation for the calibration programme

-> Guide tube Activity (contamination coming from the pipes)
- ER & NR
-> Stainless Steel and Titanium
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Introduction

» Goal: estimate ER and NR rates using radioactive sources circulating in the guide tubes for plans
Aand C

= Methodology
» Simulate 1 Mevents with g4ds with full-chain radioactive decays
= Photon sources: Compute events/decays that are single scatters with an energy in the peaks
= Neutron sources: Compute events/decays for pure NR single scattex

= Started from Alex Kish work and code (see INT calibration note®)

= First : Reproduce his Plan A results assuming the tube are ArDM Stainless Steel (¢ = 3.0 cm,
wall thick. = 1.5 mm), 3 (1) cm from TPC wall aside (below)

= Include Plan C .mac (Alex)
=>Produce results ER, NR for Plan C and compare with Plan A

* see
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Geometry in g4ds
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dep_z:dep_r:dep_mat {cuts2} dep_z:dep_r:dep_mat {cuts2}
100— : s C
E Smin=5.01cm . S8, E Side :
sof- e d(Source-UAr) = 9.5
- - cm
S U *Acry (5cm) + Ar (3cm)
o—UA
g @ Bottom :
sog 8 min 2 *d(Source—UAr) = 27.5 cm
2 5 «SiPM (20cm) + Acry (5¢cm)
2 " Som s +Ar (1cm)
B S T P S PR T
180 185 190 195 200
dep_r dep_r
Plan C
dep_z:dep_r:dep_mat {cutsz agep_z:gep_r:aep_mat {cutsz} Sig
ide :
50— E
C c d(Source—UAr) = 24 cm
C 160" *GdAcry(15cm) + Ar (7cm)
C >
C min =19.52147 cy_ © i L., DBottom:
0 e R O CL
- Pl e - ...  *d(Source—UAr) = 28.8 cm
C s e =T ' C“‘l, *SiPM(10cm) + Acry (5cm) +
L min = 26,347 crylic
- Gd Acrylic ben  GdAcry (10cm) + Ar (1cm)
- NSLAr PEN + twilon + Metal Siliccn
N l \ | 2o
8 - l190I B I200l 0 5 10 15 20
175.15222 = début du LAr 194.67369 = début dii¥eto denr

Side : Plan C implies an increased distance for the particles to reach the TPC (14.5 cm)
Bottom : Plan C does not change a lot (in distances) compared to plan A
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Photons sources (1/3)

d Plan A and Plan C on the side (all events and single scatters) at z=0
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Photons sources (2/3)

A Plan A and Plan C at the bottom (all events and single scatters)
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Photons sources (3/3)

d Plan A and PlanC : single scatters in the peak of energy

(events /decay) |E (keV) m PlanC/PlanA

Am241 59.5 7.3x104 2x106  0.003
? Co57 122 8.5x103 4.1x104 0.05
N Ba133 356 7.5x104 9x105 0.1
S cs1a7 662 2x104  35x105 0.2
N Na22 511,1274  8.2x104 3.5x104 0.4
Co60 1173,1332  2.6x104 1.2x104
m
Am241 59.5
Co57 122 2x105  5.3x105 26
Ba133 356 22x105  2.6x105 1.2
§ Cs137 662 1.3x105  1.1x105 0.9
% Na22 511,1274  1.4x104  1.3x104 1.0
0 60 1173,1332  4.1x105  5x105 1.2

= Main impact : 300-2 times lower rates on 50-500 keV photons for PlanC — side wrt Plan A
- Possible to compensate by higher activity sources ?
= No impact at the bottom (thanks to reduction of electronics material (cf slide ))
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Neutrons sources (1/2)

d Plan A and PlanC (pure NR events and single scatters)

AmBe AmC DD gun
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Neutrons sources (2/2)

d Plan A and PlanC : pure NR single scatter

(events /decay) W PlanC/PlanA

’Icl? AmBe 6.3x103  1.1x103 0.17
~:‘-; AmC 9.98x10-3 6.4x104 0.06
5_’) DD gun 1.5x102 6.5x104 0.04

(events /decay) W PlanC/PlanA

e AmBe 2.6x103 6.5x104 0.25
£ AmC 3.7x103 6.1x104 0.16
O

@ DD gun 3.8x103 6.4x104 0.17

= Main impact on AmC and DD gun (~20 times lower rates) for PlanC — side wrt Plan A.
Lower impact on AmBe (7 time lower rates)

= Lower impact at the bottom (7 and 4 lower rates, resp.)

- Possible to compensate by higher activity sources ?

Oct 2021 CPPM Calibration Simulations 10



Window in the TPC wall

= Try to do a 10x10 cm2 window on the acrylic on the side (to mitigate the loss)

10cm x 10cm x 10cm

windowatz=0
dep_x.dep_y [dep_mat== 65 && abs(dep_y)>0 8& abs{dep_y}<300 &W

ono:— -
% - el AR o
150 —
100F d Results :
50—
=
- (events /decay) PlanC (w/ | PlanC (w/ PlanC(with)/
-50[— out window) PlanC(withou
= window) t)
-100—
= . DDgun 6.5x10+4  1.1x10-3 1.7
_150:_ 245 MeV
..s:oof—I | Dastresieadl | | AmBe 1.1x103  8.9x10+4 0.8
200 -150 -100  -50 0 50 100 150 200 Under investigation
dep_y
AmC 6.4 x104  1.3x10-8 2.0

Results similar with what Victor showed

in June collaboration meeting _ _ .
= Doing this, we would increase the

rate of events by a factor ~2
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= At the bottom of the TPC, the material isn’t

DD gun 6.5x10-4 1.2x10-3

exactly the same as atz =0 -> less Gd 2.45 MeV
AmBe 1.1x103  1.3x10-3 1.2 Under investigation
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» Performing the calibration at z =
-150 cm, we would increase the
rate of events by a factor ~2
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Time estimation

= Goal: estimate the time needed to perform the calibration with 10k events per position

= Assumptions :
= 2h of sources handling + 9 positions (6 on the side + 3 at the bottom)
= The signal reconstruction system saturates at 100 Hz
= Maximum source activity of 100 kBq if bandwidth lower than 100 Hz

Pure NR SS
2 months Single scatters in the peak o J
(without trigger) A b

Assuming we do not

241 Am 57Co 133Ba 137Cs

22Na

Energy increases

60Co DD gun AmBe AmC : .
have any online trigger

system (to detect SS in
| 8 166 226 268 663 165 153 252 fthe peak/pure NR SS)

2 days (with
trigger)
241Am 57Co 22Na 137Cs 60Co . . .
With online trigger
(detecting SS in the

» Huge advantage (~30 x faster) to have an online trigger in the plan C (if we do not use any
of the previous tricks)
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Guide Tube Activity

2001
150 (Radioactive) = 10°
100" """""TTTTTTTTTTTTTETT Plpes :_
50 Z_
—_ L 102
5 o —
N C
-50 :_
- 10
=100 . . E
Fiducial -
~150 volume -
0" 5000 10000 15000 20000 25000 0000 as00 avoo0 (SN liN@S)  —20gss—rghqgh g o™ oo
R? [cm?]
Oct 2021 CPPM Calibration Simulations 14



Guide Tube Activity

=Goal: estimate ER and NR background induced by radioactive contamination in calibration
pipes

=Methodology
» Simulate 10 Mevents with g4ds with full-chain radioactive decays (Hp iist for hadronic interactions)
= Count number of events surviving cuts (if none, put a limit at <2.3 events)
» ER background: single scatter in ROI (7.5<e<50 kevee) @and fiducial volume (veto 70 cm in z, 30 cm

inr)
= NR background: single scatter in ROI (30<e<200 kevnr), fiducial volume (veto 70 cm in z, 30 cm in 1)
and veto (energies in inner and outer veto both < 800 keV for plan A; veto energy<200 keV for plan C)

= Normalise to radioactive contamination of the material (from DS material group), mass of
tubes (~30 kgs) and time exposure

»Started from Alex Kish work and code (see )

= First : Reproduce his Plan A results assuming the tubes are ArDM Stainless Steel (worst
case scenario). Tubes: ¢=3 cm, thick=1.5 mm, 3 (1) cm from TPC wall aside (below)

» Include Plan C modeling of the guide tube in g4ds (Alex)
=>Produce results ER, NR for Plan C and compare with Plan A

Oct 2021 CPPM Calibration Simulations 15
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Background induced by the tubes

d Stainless Steel contamination :

ER NR
137¢
238 238
2321H 2327,
60cq
40

4 ER

X-rays emitted during atomic
relaxation of excited Gd atom

» This induces 10% to 70% more
single scatter events at the ROI
level in plan C wrt plan A

= However, none event survive the
ROI + FV cut (Plans A & C)

(Radioactive) pipe

FV (dashed lines)
No ROI cut

!'q— 1
0 5000 10000 15000 20000 25000 30000 35000 40000
R? [cm?]

Contamination in SSArDM Events/year
(worst case) (mBg/kg)

<0.31
<1.34
<2.73
<10.52
<4.21

= This is before S2/S1 and PSD requirements
(107-108 rejection)

Oct 2021 CPPM
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NR background

Presence of Gd implies
a lower pure NR single
scatter contamination in
plan C

232Th 34.1
238 22.7

78

» Results for plan A in agreement with Alex Kish

Plan A Plan C
h2_1ssVeto . h2_1ssVeto
S TEntries 9422 E F— D iy Entries 591
.|Meanx  2.356 N {5 T Meanx  2.164
: eany -0.3626 C iy Meany -0.641
<= RMSx  1.029 E . d RMSx  1.009
MSy 1312 ] S i RMSy  1.236
o5 L
o
107 ﬁ E : 10°¢
70.5; u
107 15 - .e ﬂ 10
L R e
0 05 1 15 2 25 3 35
R2 [ R? [m]
Plan C Normalisation using production

= Results for plan C much lower than plan A (15 cm Gd)

rate of 1.8E-6 n/decay for 232Th
and 4.8E-7 for 238U (from
(alpha,n) reactions and
spontaneous fission due to
natural contamination in 232Th
and 238U))

» NR background negligible wrt foreseen budget of 0.1 events after 10 years
(200 t.y), for the worst case of SS ArDM (Plans A & C) -

: And even more negligible

for Ti tubes (see )
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Conclusion

=Calibrating with Plan C implies a loss of gold-plated events (pure NR single scatters
(neutrons) and ER SS (photons)) for the calibration

= Side : 2 to 300 times lower rates in Plan C than in Plan A for photons
= Bottom : ~same results for Plans A and C
= 4 to 20 times lower rates in Plan C than in Plan A for neutrons
= Possibilities to try saving some events :
= Window at z = 0 in the TPC wall
= Performing neutron calibration at z = -150.0 cm where the Gd wall is thiner

sContamination

= Qur calibration system shouldn’t pollute the TPC with events from decay of radioactive
elements contaminating the pipe (with Stainless Steel or Titanium)

= This contribution is negligible compared to the 0.1 events/10 years budget
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Rates vs distance
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Rates vs distance : Plan A
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Rates vs distance : Plan A
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Energy spectrum of AmBe and AmC

Neutron spectrum
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Rates : PlanA vs PlanC
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Rates : PlanA vs PlanC

Bottom
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Rates : PlanA vs PlanC
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Investigations

=Neutrons at different energies

» I[dea = trying to see the influence of the initial energy of the neutron on the rate of pure NR SS

(events /decay) PlanA  [PlanC  [PlanC/Plan A

Neutron 1 MeV 1.2x10-2 9 x10-5 7.5x10-3 Almost consistent

DD gun 2.45 MeV 1.5x10-2 6.5x104  4.3x10-2

Neutron 5 MeV 1.0x10-2 8.8x104  8.8x10-2

AMC (E, ~ 5MeV) 1.0x10-2 6.4x104  6x102

Neutron 10 MeV 5.8x10-3 1.0x10-3 0.17 Consi
—_— onsistent

AmBe (Ey,, ~ 10MeV)  6.3x10- 1.1x108  0.17

= Test if the 20 cm of LAr separating the tube and the wall of the TPC at z = -150cm affects our
previous result

(events /decay) PlanC (z = PlanC (z=-150 cm x,y + 20cm )
-150)

DD gun 2.45MeV 1.2x10-3 1.1x10-3

Tiny impact

»Test if imposing 0 gamma gives a better result for AmBe on the side of the TPC

(events /decay) Source all 0G Plan C Source all 0G Plan A
Plan C I E

AmBe 1.1x10-3 1.4x10-3 6.3x10-3 7.0x10-3
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Investigations

= AmBe test if disabling gamma gives a better result for AmBe on the side of the TPC

(events /decay) Source all Disabling Source all Disabling
Plan A I Plan C Plan C

AmBe 6.3x10-3 1x10-2 1.1x103 1.4x10-3

sAmBe vs neutrons at 10MeV test about the window

(events /decay) Plan C Plan C with
without

AmBe 6.6x104 8.9x104

Neutron 10 MeV 1.0x10-3 1.4x10-3
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Time estimation : activity of the

SOUurces

Pure NR SS
Single scatters in the peak

A L

133Ba 22Na 137Cs

Assuming we do not

18.15 1.9 0.36 2.24 0.37 0.19 0.14 0.15  have any online trigger
: system (to detect SS in
e 100 4.95 0.67 4.61 0.6 0.23 0.18 0.18  the peak/pure NR SS)

! 8 166 226 268 663 165 153 232

Energy increases

133Ba 22Na 137Cs

100 100 100 100 100 21.7 14.8 25.6 Wltl’l online trigger
(detecting SS in the
100 100 100 100 100 100 26 27 28 peak/pure NR SS)
: | 6 9 5 11 7 4 4 4
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»Radioactive contamination (mBg/kg), as measured by DarkSide material WG

https://docs.google.com/spreadsheets/d/1ApsqO_sK92faNfSglIBCDcOYR61MY6BgGXnmdRxmuk3g/edit#gid=1436335937

mBakg  Th U ®Co @K WICs
SS 10 10

I'ss ArDM 20 50 13 6.4 15 |

SS Proto 1.9 3.9 13 6.4 1.5
structure

SS Proto 1.0 14 0.6 1.2 0.09
cryostat

SS DS50 0.8 04 13 2.5 0.29
MSS0364 3.9 49 11 15 0.8
DUNE
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Background induced by the tubes

d ER (with resolution) 137Cs
Plan A Plan C
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NR background
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NR background Ti (1/2)

sTitanium possibility for plan C to have tube in Titanium. 4 changes:
SS 7.7 30

17

= Density = tube mass

Ti 4.5

= Neutron spectra

Neutrons

from Th232: StainlessSteel (g), Titanium (r)

Neutrons

from U238: StainlessSteel (g), Titanium (r)

0.08 0.16
(G4DS data library) r292Th — SS 238U — SS
0.06|- . 012} .
: — Ti — Ti
.
.. 0o0sf . 010}
2 ‘e 2
B 5
2 oo0af 3 o008}
2 g .
& +% g
T 003 NS - S 5 006 .
o
L - 2 | . .
0.02 : en. 0.04 $ T b
* o . 'Q' . o -
® »\ . .
0.01 A 0.02f 4 e
o8 ¢ ;°. o 203
*
0.00f Rl L 000l ot
-0y . . ‘ . . ‘ 003 . ‘ . . ‘ .
9%000 0 2000 4000 6000 8000 10000 12000 23000 0 2000 4000 6000 8000 _ 10000 12000

= Number of neutrons / decay

1.8E-6
Ti 7.0E-6

4 .8E-7
2.8E-6

E (keV)

E (keV)

=Radioactive contamination (mBqg/kg)

SS ArDM

Ti

0.12 8

https://docs.google.com/spreadsheets/d/1ApsqO_sK92faNfSglIBCDcOYR61MY6gGXnmdRxmuk3g/edit#gid=1436335937
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NR background Ti (2/2)

sTitanium possibility for plan C to have tube in Titanium. Results:

Plan C SS ArDM Plan C Ti
232Th 34.1 0.0001 0.45 <<0.0001
238 227 4 0.0001 12.1 7 0.0001

» For Ti tubes, even more negligible contribution wrt foreseen budget of 0.1 events after
10 years (200 t.y)
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