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Introduction

● SP X-Arapuca
○ Noise
○ SPE
○ Deconvolution
○ Quartz/No window ratio
○ Model

● FLIC
○ Campaign 1,2,3, and 4
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Trigger Noise 
● Event by event, each waveform is studied in detail, finding that about 7 % 

of the events are recorded without any particle signal. However, the noise is 

still presents in the waveforms. 

● Later, these empty averaged events provide leverage to denoise the actual 

waveform. Additional benefit of denoising is correcting overshoot and 

undershoot of the signals.
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Figure 1: Averaged empty 682 events extracted from one runs. y-axis 
represent ADC count x-axis represent time tick in units of 6.7 nanosecond.

Figure 2: Removal of noise from data resulting denoised waveform. Figure 3: Noise
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Single Photoelectron Spectra Right plot: x-axis event IDs and y-axis time 
tick, light green area trigger region, zoom in 
section shows possible SPE pulse candidate. 
Left plots:  Probability density versus charge 
for Ch5, double Gaussian function fitted, the 
first peak represents pedestal and second 
peak represent first SPE.  
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Stability SPE

Mean SPE charge stability for all runs and each channel. Runs covers six-month time period!
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No window ( Ch1, Ch2, Ch3 )

Quartz window (Ch4, Ch5, Ch7)
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SPE waveform reconstruction, Deconvolution
● SPE impulse response obtained by Gauss fit parameters 
● Sigma and mean used as condition to make average SPE 

waveform
● Deconvolution …. scipy, same as matlab 
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https://github.com/scipy/scipy/blob/v1.5.4/scipy/signal/signaltools.py#L1980-L2033
https://ch.mathworks.com/help/matlab/ref/deconv.html
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Ratio = Quartz / NoQuartz
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 Average waveforms
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 Average waveforms
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The quenching, the shifting and the scintillation
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1) ArAr* + Xe -> ArXe* + Ar 2) ArXe* + Xe -> XeXe* + Ar 3) XeXe*  ->  Xe + Xe

The ArAr * excited dimer (AA) disappears 
by scintillation ( at 128 nm ), quenching 
through nitrogen, and shifting to ArXe * 
(AX) through the process:

The ArXe* dimer is formed from ArAr* 
dimer, can be destroyed by N2 and 
disappears through scintillation 
(at 150 nm) and shifting to XeXe* (XX) 
through the process :

The XeXe * dimer is formed from the 
ArXe * dimer and disappears through 
scintillation ( at 175 nm ):
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No window and Quartz scintillation
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● Non Quartz scint@ 128nm + 150nm + 178nm  

The X-Arapuca without Quartz window (XN) will see 
the sum of the three spectra 

● Quartz scint@ 178nm  

The X-Arapuca with the Quartz window (XQ) will 
only be sensitive to the third spectrum (the one from 
XeXe*)

● Ratio of XQ/XN would be intercalibration 
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XQ / XN Intercalibration
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constTA [1.373+/-0.062]
slopeTA [0.1898+/-0.005]

tau128 [1.469+/-0.7]
tauN2_TA [1.44 +/-0.689]

constTX [0.62+/-0.01]
slopeTX [0.071+/-0.00]
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5.549 us 6.0181 us

X-Arapuca parameters
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N2 -Xe Doping with FLIC
● The purpose of the test is to obtain the N2 contamination 

level in ProtoDUNE-SP by controlled doping of N2 and 

the level of Xe that should be doped to compensate for 

the light loss due to N2 impurity.

●  Monitor the evolution of Xenon doping by studying the 

shape of the signal on various photon detection system 

before starting Xenon doping in ProtoDUNE-SP.
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PMT Calibration

● Two TPB coated PMTs, one Xenon 

sensitive PMT (LXe) and one 

uncoated PMT. 

● LAr no TPB and LAr w/TPB new 

have common HV which was 

increased from 1440V to 1550V, to 

obtain a higher gain for LAr 

w/TPB new at some point. 

Change of HV
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Average Waveforms with Simultaneous Fits for Each Doping 



Xe doping analysis of ProtoDUNE-SP 18 December 2020 20

FLIC NitroXen Fit Parameters
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Sum
● X-Arapuca

○ SPE stability
○ Quartz/ noQuartz stability
○ Fit and model
○ Comparison S-Arapuca, DP, and Flic.
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50L IC Results   

23

Very Preliminary


