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LAr scintillation has 2 components:
T ~7ns, 7,~1600 ns

Electron and nuclear recoils produce
different ratios of the two components 3
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Dark Matter Search
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- Surface Backgrounds

Surface backgrounds refer to long-lived
radioactive isotopes, such as ?!°Pb and ?!°Po,
which can be found on the interior surfaces of
the detector. When they decay, their decay
products can produce signals on the




- Surface Backgrounds

In liquid argon detectors, the surface is made
complex by the presence of a thin layer of TPB,
a wavelength-shifter used to convert the 128nm
argon scintillation light into longer
wavelengths for efficient detection.




Surface Backgrounds

Surface backgrounds encompass a large class of
different signals that depend on the depth and
kinematics of the decaying isotope.
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Surface Backgrounds

Surface backgrounds encompass a large class of
different signals that depend on the depth and
kinematics of the decaying isotope.
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Surface Backgrounds

Surface backgrounds encompass a large class of
different signals that depend on the depth and
kinematics of the decaying isotope.

Alpha-in Alpha-out

TPB

Teflon @

=

LAr scintillation

&

TPB scintillation

10



Surface Backgrounds

Surface backgrounds encompass a large class of
different signals that depend on the depth and
kinematics of the decaying isotope.

Alpha-in Alpha-out

LAr scintillation

TPB

TPB scintillation

Teflon @

11



Surface Backgrounds

Surface backgrounds encompass a large class of
different signals that depend on the depth and
kinematics of the decaying isotope.
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- RaDOSE

Radon Daughter and Organic
Scintillator Experiment
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Measurement #1

Nuclear Recoil in LAr
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Argon

Measurement #1

Nuclear Recoil in LAr
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A Bi-Po coincidence search was performed to pick
out the Pb?'” nucleus (146 keV) scintillation in the

argon.
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A Bi-Po coincidence search was performed to pick
out the Pb?'” nucleus (146 keV) scintillation in the
argon.
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Measurement #2

Alpha in TPB
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Measurement #3

BiPo Recoils F90 vs Energy (PE) (7 us window)

0.6

(=]
-9

°c_’|||||||‘\

35

30

25

20

15

10

0.2 — — Superimposed dark matter search
region from DarkSide-50
1 | | I I ‘ I I | ‘ T | ‘ | | i ‘ G ‘ 1 11 | ‘ I | | I |
100 200 300 400 500 600 700 800 900 1000 °

Using the standard definition of the S1 pulse (7us), this
type of event falls right within the dark matter search

region of a liquid argon experiment.
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Developing a “long tail” cut in a two-phase detector is made more difficult by the
presence of S2.

0

-2

Developing a Tail Cut

[ wm [ LN T
= Regular Event
:-2|G f‘) 2|U 4|G Slﬂ : 8|0 H:llU 12|U 1‘10 : 160
2 0= T T T T T T Ll LLE L— T T
P b L
=L [

4 :_

i :_

8 :_ .

LE Long tail Event

WE

14 f—

wE

T D 1 5'{} | 1 1 1 19'{] | 1 1 | 15|’u 1 1 | |2t|}D 1 1 | | 25'& 1 | | Isalﬂ 1 1 | 1 3“!}0 | | 1 | 4ﬂlu 1 1 1 1

us

23



Tail PE (TPE) = Number of PE starting 10us after S1 up to the beginning of S2

TPE is dependant on both S1 and drift time.
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Tail Cut Performance

We now apply the tail cut on the surface events measured in RaDOSE.

RaDOSE events do not have S2, so each event was sampled multiple times,
placing an “artificial S2” at different points in the waveform and determining if
it would pass the tail cut with the given drift time.
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Other Applications

Long-tail scintillation
e Property of TPB, not argon

e May exist for other organic wavelengths shifters (confirmed for
p-Terphenyl)

e Can be exploited in other experiments
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- Thank You
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- Extra Slides
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The TPC
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The Po-214 alpha has a close
coincidence with the Bi-214 beta
and falls within the same event, so
its energy is not reconstructed
here.

The “Crystal Ball” function is
used to model particles going
through a thin layer, where
the energy loss depends on
the angle:
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