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GOALS

Evaluation of continuous performance of the detector

Study of the stability of the setup

Determination of feasible operation conditions of the DAQ and electronics
Getting information about acquisition rate

Understanding the possibility to perform a calibration of the photoelectronics
Getting information about purity of liquid argon

Setting protocols for operating the inner detector

Getting information about Rn emanation



Background: Dataset
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Background: Cut

» Cut applied to reject noise events

» Cut variable: maximum negative fluctuation in number of RMS of the baseline

min(ADCc — baseline) <
RMSbaseline

for each ADC value of each event, for both channels
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Background: Energy Spectrum

# Events

Integrated charge of the two channels considered

Avutocalibration factor K = 0.73

Integrated charge of channel 1 multiplied by K

Single spectra, before autocalibration
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Background: Pulse Shape Discrimination (PSD)
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Background: Top — Bottom Asymmetry
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The DArIT chamber is practically symmetric

The geometric effects on light detection

should cancel out in average



Background: Stability
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Background: LAr Purity — Beta Decays

Measurement of the decay time of the slow component of the signal, at the

beginning and at the end of the run

Average of 300 waveforms in the electron recoil band
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Background: LAr Purity — Alpha Decays
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Measurement of the decay time of the slow component of the signal, at the

beginning and at the end of the run

Average of 300 waveforms in the nuclear recoil band

Fit function: decreasing exponential f(x) =a - e~ 774+ d

T =692.34 £ 0.002 ns

A shorter decay time is measured

For the alpha the waveforms are dominated by the

response of the SIMP with respect to the physics
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Background: LAr Purity

While for beta decays we are able to perform a measure of the triplet lifetime obtaining
consistent results, because the slow components dominates with respect to the fast one, the
same is not possible for alpha decays: a deconvolution of the signal is needed to separate the
argon signal from the response of the SiPM and proceed in this way with the measure of the

triplet decay time. We expect to obtain the same result as the beta case

Since the decay time measured for the slow component of the signal in the electron bands
remains constant, we can conclude that the purity of liquid argon within the chamber doesn’t
get worse in time, excluding in this way the presence of a leak in the system and confirming a

great airtightness of our setup
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Alphas: “4°Rn Contamination

2387 is present in detector materials

22Zpn is formed as intermediate step in the chain

Since ***Rn is an inert gas, the small contamination of
238 in the detector materials is expected to produce

a continuous emanation of **Rn gas within the DArT
chamber, producing background alpha particles

originated from natural decays
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Alphas: Alpha Selection

¢ 6.42 -10° intial events

|~ 3.84 - 103 events from alpha decays
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Alphas: Alpha Selection

6.42 -10° intial events 3.84 - 103 events from alpha decays

0.8
0.6
0.4

0.2

TBA

P R IR I S N SN TR N NS SO S EN TN RS AN RO S S N

0 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200
Total Charge(ADCc) Total Charge (ADCc)

1
1400

13



Alphas: Alpha selection

Trigger rate

the Rn decay (t = 3.8 days)
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Alphas: Energy Spectrum

Alpha Decays
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Three different peaks observed, that we could associate with three isotopes of 238U the
chain:

222pn (Q-value = 5590.3 keV)

218pg (Q-value = 6114.68 keV)

21po (Q-value = 7833.46 keV)



Alphas: Measurement of alpha energy
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Alphas: Measurement of alpha energy
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Alphas: Measurement of alpha energy - Comments

From the comparison of our analysis with the one made on surface, we observe that the 21*Po peak has very
few events: we are losing all the subsequent events that are separated in time less than 200 ps.
Problems with the event definition in MIDAS for the existing data induced an artificially high dead-time of the

detector (> 420 ps), deninig us the possibility to performed consistent BiPo coincidence studies

Underground i Surface
r o
100~ g 100 H — All
- T 2Z2Rn
L ~ . tyin < 200 ps
80— $ 80 5.6 MeV h’

L ‘E 215pg :
2t Yool 61Mev 214po
&6 7.8 MeV
oL L~
o |
* ol 40

40— L}
20‘_ —LI r_\Ji )ﬂJ:UJJV
r I3 ﬂ
. Fern, N P P J nJlp. o
0 [ P v b b by v by 104 | |||)<103 2000 ) 4000 ) 6000 ) 800
500 600 700 800 900 1000 1100 1200 1300 1400
Integrated charge [PE]

Total charge (ADCc)

18



Conclusions and Next Steps

* With the current setup underground:
we are able to apply an efficient cut in the way to reject most of the noise

we perform an excellent Pulse Shape Discrimination (PSD), distinguishing very well
alpha from beta decays

we can monitor the stability in time of the electronics tracking the stability in fime of the
charge and f,,, variables

we are able to evaluate the purity of liquid argon used and we proved a great
airtightness of the chamber

thanks to the PSD, we could select very well the events due to alpha decays inside
the chamber and we used them to perform a first calibration keV/ADCc of the system
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Next Steps

A new filter box, with less electronic noise than the one used for these results, will be used from
now onwards, allowing for cleaner background studies

Perform a calibration KeV/PE, taking data in the appropriate conditions for this aim (long dark
current run, specific LED, etc.)

Problems with the event definition in MIDAS for the existing data induced an artificially high dead-

time of the detector, preventing consistent BiPo coincidence studies. This issue is fixed now and the
BiPo analysis will be redone
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