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Dark matter Experiment using Argon Pulse
shape discrimination (DEAP) '

e | ocated 2 km underground at SNOLAB in the Cube Hall

® Searches for spin independent WIMP dark matter | | 31
Acrylic Vessel i PMTs

® DEAP is a single phase scintillation detector => energy
detected as light

e For this analysis, the acrylic vessel (AV) was filled with
3279 kg of liquid argon (LAr)
® The top 30 cm of the AV contained gaseous Ar

e Signal is detected via 255 PMTs surrounding the AV
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PSD is the primary method of background

gscrimination for DEAP
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PSD is the primary method of background

gscrimination for DEAP
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What constitutes pile up?

® Pile up is any light added to a physics
event

¢ |[ncluding, but not limited to:
® Dark noise
® [nteractions with the detector materials
e Other liquid argon scintillations

¢ | wanted a data driven method to study
pile up and so turned to the data collected
by our periodic trigger
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Using periodic trigger events as pile up
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® The periodic trigger is a threshold less trigger that B e X \
reads out data 40 times a second e

® This gives us snapshots of what is going on in the
detector at any given moment, without any biases
from trigger requirements

e So it shows both interactions with the LAr as well as
with the detector materials and noise

® This works to study pile up because it represents
the part of an event that “piles up” with a physics
event
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How likely is an event to have pile up?

Periodic trigger events show how often a given amount of charge is seen in the detector, which
corresponds to the probability that a given amount of pile up occurs in a physics event

Low charge pile up is most likely and several features can be identified.

DEAP

Preliminary

Pile up percentage at a given charge

Stray light & dark noise
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Reconstructing raw data

® The periodic trigger events are added to
the physics events to create pile up
events at the raw data level
® This is done so that each pile up event will

be processed as a single event by the
software
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Reconstructing raw data

® The periodic trigger events are added to
the physics events to create pile up
events at the raw data level
® This is done so that each pile up event will

be processed as a single event by the
software

e Raw data waveforms for individual PMTs

consist of full pulses and pulses trimmed
by the DAQ
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Reconstructing raw data

® The periodic trigger events are added to
the physics events to create pile up
events at the raw data level
® This is done so that each pile up event will

be processed as a single event by the
software

e Raw data waveforms for individual PMTs
consist of full pulses and pulses trimmed
by the DAQ

¢ Adding a trimmed pulse to a full pulse
would not correctly recreate the
waveform of two pulses happening at the
same time
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Reconstructing raw data

® The periodic trigger events are added to
the physics events to create pile up
events at the raw data level
® This is done so that each pile up event will

be processed as a single event by the
software

e Raw data waveforms for individual PMTs
consist of full pulses and pulses trimmed
by the DAQ

¢ Adding a trimmed pulse to a full pulse
would not correctly recreate the
waveform of two pulses happening at the
same time
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Reconstructing raw data

® The periodic trigger events are added to
the physics events to create pile up

events at the raw data level ; u I
e This is done so that each pile up event will ~ ~ :
be processed as a single event by the | | -
software -
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Rebuilding the Trimmed pulses

e | fit a generalized pulse shape to the trimmed

pulse to rebuild the full pulse g P , PMIT 1.44 ..... S 1
e Generalized pulse is derived from detailed ﬂéz:: - S — | | i
electronics study 2800 = E

e |t is also fit to the pulses to help determine the  sess E
calibrated charge and time. | reversed this 3880 | =
Process 375 £ E

3870 - Rgbgilt Pulse E

» | confirmed that events processed with the . - %”rg'r;ildpgﬁieé

rebuilt pulses reasonably matched those 1830 1840 1890 1660 ime [ans bins]
processed with the trimmed pulses
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Algorithm for creating artificial pile up events

® The raw waveforms for the periodic trigger event and the physics event are
combined for each PMT

® The plots show different scenarios of periodic triggers piled up on a
physics event and that the algorithm works on all of them
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Analyzing artificial pile up events

1. Take an original physics event

. DEAP
Preliminary
rel 1.0 AR R e B s I e B -
509 F =
£ o8 - :
S ¢
0.7 [ =
0.6 [ E
0.5 E
0.4 -
03 b :
0.2 -
0.1 =
OO E____J______L_____J______.______-______1______L_____J______,._____J______u._____J______L_____.‘______L_____J______L_____J______i _____________________________ —
100 150 200 25 300

Charge [PE]
Catherine Bina

Charge [PE]/ 4 ns

—

—h

Preliminary DEAP
---------------------------------
o [ h
0L -
g [ -
6 [ b
4 [ b
2 - 3
b llwat O T P T

0 2000

4000

6000

8000

10000 12000 14000 16000
Time [ns]

15



Analyzi

physics eve

Preliminar
0 e

ng artificial pile up events

Preliminary PESS
1. Take an original physics event i ;
10 | -
2. Pile up a periodic trigger event on the 50 |
nt to create a pile up event E
0 |: — ‘||‘Jl.“ll J N P L |4 N i T
0 2000 4000 6000 8000 10000 12000 14000 16000
DEAP Time [ns]
* Physics Event _ DEAP

Catherine Bina

16000

. ] Preliminary
[] PII U EV nt __ w F—T— T T T 7 T T T T T
euptve : < 12 F —— Pileup Event
E o —— Physics Event
& 10 [ -
o) :
= S T
c 8 —
8 8¢
] O 3
6 _
: s :
E 2 =
- th .. e |
e 0 2000 4000 6000 8000 10000 12000 14000
Time [ns]
150 200 25 300

Charge [PE]

16



Analyzing artificial pile up events

Preliminary

1. Take an original physics event

2. Pile up a periodic trigger event on the physics

event

3. Pile up a different periodic trigger event on the

same physics event
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Physics event with 9,000 different periodic trigger
events piled up on it

® Most pile up is so low charge as to have no

significant effect on the event oreliminary DEAP
= 1.0 ----------------------------------------------------------------------------------------------------------------------------------------------- E

* Most pile up adds late light, lowering Fprompt Eigz E
while increasing the charge. Much rarer to have  o7: :
prompt light added to the event. E
0.4 [ -

* Pile up iIs more complicated than just adding up  os: :
the charge from two events and how it affects o :
events in detall Is important 0.0 Fri S s T N is_goo
Charge [PE]

® The ultimate goal for this project is to determine NO CUTS APPLIED

It our ability to reject pile up is limiting our dark
matter search
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Effects of pile up on different events

® Most pile up is so low charge as to have no significant effect on the event

® Most pile up adds late light, lowering the fraction of prompt light while
Increasing the charge

DEAP DEAP DEAP
Preliminary Event 2353 %10° Preliminary Event 1608 xéoi” Preliminary Event 6786 %103
-5_1.02“ """"""""""""" [T [T T - E 4.5 1.02" """"""""""""" L R — L L | L L R R E 1.0: L N
S 0.9 3 0.9 | E 0.9 - ©
5_ 7] 40 C . 5
. 0.8 = 0.8 - = 0.8 = 5
' - 3.5 - .
7/ = Vs — 0.7 —
° 185 3.0 l: L El
0.6 = 0.6 | = 0.6 1 ¢
. 2. - .
0.5 = 0 0.5 | = 3 05 —
18420 , ¢ ] °
0.4 8“7 04 = 0.4 3
0.3 I8 15 03 282 o3 =l F
i ]
0.2 40910 02 4], 02 el B
0.1 3 0.5 0.1 = 0.1 E
T - -
O O ST Y N WS NSNS PO N OSSN M IS TSN VRSN SRR SSUSU AT SO SO TN U ST ST S M S — OO OO [ T SO TN N VA R S M ISR RSN VAN TN TR EY T S WY VAR SUU S T S T ] O OO i i " : A " A A i " i P P : 5 5 A " ; A P i 2 O
100 150 200 250 300 100 150 200 250 300 100 150 200 25 300
Charge [PE] Charge [PE] Charge [PE]

NO CUTS APPLIED

Catherine Bina 21



Effect of pile up on position reconstruction

® Most pile up events stay within 5-10 cm of where the original event was

reconstructed

® Shows that pile up may sometimes have an effect on event reconstruction,
but need to apply cuts to know more
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