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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) ™
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A -DECAY RATE
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DECAY PER YEAR ESTIMATION

TUBE MASS

Plan A

2 tubes en U

M(tubes) = 56 kg
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° ° DECAY PER YEAR ESTIMATION

A - DECAY RATE
571
Exemple (s
ACTIVITY > Aty = 0005 Balkg
STAINLESS STEEL ACTIVITY Roate= 0000 Bg/kg x bbkg = 0084 decay/s
Sample identifier Radioactive contamination [mBq/kg] | = 7,x[0 (Od@COKY/y
232TH | 2380 60Cq K 137(0g

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
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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 - |
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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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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= 000b Pglkg x bbkg = 0034 decay/s

10 10 = = =

b
20 | 50 | 13 | 64 = 2bx0 decay/y

13 events

Z.bxlObdﬁoay/ y

Surviving Events Rafe < —
0" events

— 00 crentsly

Statistical margin

m]




ER BACKGROUND RATES

Background event rates for 56kg of stainless steel, 1e7 events simulated

Contamination . T
m (mBq fkg} decay/y events sim FV events/y events/y PSD

137¢¢ 2.65e+06

KK 6.4 0.35 1.13e+07
Eo 13.0 0.72 2.30e+07
238 50.0 2.80 8.83e+07
232Th 20.0 1.12 3.53e+07

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.]
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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
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THORIUM

Number of events registered in Z,R? plane
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