
Kyle Spurgeon - XX Septmeber, 2020

ProtoDUNE Light Attenuation in 
the presence of dopants

1



• Recap how the attenuation study is performed


• Present updated results


• Look at waveform components of results


• Brief dive into how light attributes change over ProtoDUNE run conditions
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Attenuation Analysis

• Look at light incident vs distance from PDS


• Provide an avenue to Rayleigh Scattering Lengths


• Will present current results from data for all 3 epochs (Pure LAr, +N, +N+Xe)


• Still need to complete MC generation for comparisons
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Attenuation Analysis
How To

Start with all beam-left photon detectors

Beam-left chosen due to (then unknown) bias of CRTs
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Separate technology types (double shift/ararpuca and chip type)

So one track contributes: 

7 data points to the “SensL” graph

7 Data point to the “Hamamatsu” graph


1 data point to the ARAPUCA graph

Attenuation Analysis
How To
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IU DSLG with Hamamatsu IU DSLG with SensL C-Series ARAPUCA
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Find the point along 
the track that is 

closest in Z to the 
PhDet center 



Previous Results

• Bryan Ramson performed this on the LAr data


• See here for his talk from LIDINE 2019
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https://indico.fnal.gov/event/21544/contributions/63327/attachments/39717/48059/LIDINE2019.pdf
https://indico.fnal.gov/event/21544/contributions/63327/attachments/39717/48059/LIDINE2019.pdf


Current Results

• New analysis makes use of better CRT-CTB matching to get a cleaner sample
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Current Results
ARAPUCA
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Current Results
ARAPUCA

• Fit all attenuation 
curves to double 
exponentials


• best model for now


• Not including 
numbers here


• no physical 
meaning for now
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Current Results
DSLG

• Fit all attenuation 
curves to double 
exponentials


• best model for now


• Not including 
numbers here


• no physical 
meaning for now
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More to come on this - I have a talk in the CM (Thursday sometime - not 
sure what meeting?)


Still need MC

LAr

Xenon

Nitrogen



Doping vs. Time 
in ProtoDUNE



Look at amplitude and integral of avg waveforms 

• Processing Procedure


• Decode/reconstruct data


• Sort by channel


• Clean Saturated events and events with pre-trigger activity


• Average remaining waveforms


• Get metrics from these avg waveforms


• CHANNEL BY CHANNEL AS OF NOT - not per module

Just finished (pre)processing this morning - 
preliminary



ARAPUCA in APA 3
Individual Channels
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ARAPUCA in APA 6
Individual Channels
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IU Bar in APA 3
Individual Channels
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IU Bar in APA 6
Individual Channels
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IU Bars in ProtoDUNE
Individual Channels
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IU Bars in ProtoDUNE
Individual Channels
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• Seems like the ARAPUCA in APA3 doesn’t see much increase in light 


• Have been seeing this effect since I started this analysis 


• Was the main holdup - trying to get agreement with other results


• ARAPUCA in APA 6 does see a substantial increase 


• IU Double shift light guides consistently see a fairly substantial increase in light


• Fairly uniform effect across detector at a first look 


• Remember - These are all channel by channel 



• More processing needed


• Need to combine for module to module comparison


• Some formatting issues for sure - again, just finished processing this morning


• Would like to get processing procedure a little more streamlined


• Deconvolution procedure in place - will process this next week and look at 
those metrics as well


• Will probably do this on a small subset of the data to save time/memory




