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Abstract 

 This paper discusses the testing of the electronics during the vertical slice test of 

the light collection system for MicroBooNE, a neutrino oscillation experiment under 

construction at FNAL. The purpose of the test is to understand how the light collection 

system works as a whole for visible, ultraviolet, and cosmic ray scintillation light, and to 

get all components of the light collection system working. Two photomultiplier tubes 

are submerged in liquid argon in a cryostat, and the electronics boards that read out the 

raw pmt signals are tested, as well as the software that prepares the pmt data for 

physics analysis.  

 

I. Introduction 

A. MicroBooNE  

 MicroBooNE is a neutrino 

oscillation experiment being built at 

Fermi National Accelerator Laboratory 

(FNAL). It is a liquid argon time 

projection chamber experiment that will 

detect muon and electron neutrino 

interactions from the FNAL Booster 

Neutrino Beam.  The time projection 

chamber (TPC) consists of three wire 

planes that will detect charged particles 

from the neutrino interactions with the 

argon. 

  

Figure 1:  The MicroBooNE TPC [1] 

The charged particles ionize the argon 

and the ionization charge drifts in the 

presence of an applied electric field 

within the TPC toward the wire planes. 

There will also be a light collection 

system inside the liquid argon cryostat 

that consists of 30 photomultiplier 



tubes (pmts) that will detect scintillation 

photons that are also produced when 

charged particles traverse the argon 

volume.  

 Results from the MiniBooNE 

experiment, which used Cherenkov 

light, rather than a TPC, to detect 

neutrinos along the same beam line, 

show an excess of events at low 

neutrino energies that could either be 

due to neutrino events producing 

electrons or photons. MicroBooNE will 

be able to distinguish between electrons 

and photons, and will be able to directly 

test the cause of the excess in 

MiniBooNE. As well as advancing liquid 

argon TPC technology for future 

experiments, it will be able to measure 

neutrino cross sections, search for light 

sterile neutrinos, detect supernova 

neutrinos, and look for nucleon number 

violating processes [2]. MicroBooNE is 

currently under construction, and, while 

I spent a few hours cleaning parts that 

will go into the detector, my primary 

work this summer is in testing the light 

collection system.  

 The goal of the vertical slice test 

this summer is to get a full 

understanding of how the light 

collection system will work in 

MicroBooNE once it is installed. The test 

is being done at FNAL, and uses two 

photomultiplier tubes that will go into 

MicroBooNE. My main focus in the 

experiment is to test the readout 

electronics that were built at Nevis Labs 

and get the raw readout data into a 

format useful for analysis. The two pmts 

are submerged in liquid argon and 

operated in a 40” by 22” cylindrical 

cryostat called Bo [4]. Three types of 

light sources are used in the test: 

ultraviolet (UV) light, visible light, and 

light from cosmic ray interactions with 

the liquid argon. Section II of this paper 

describes the vertical slice test setup, 

Section III describes the readout 

electronics boards, and Section IV 

explains how the data is prepared for 

analysis.  

II. The Vertical Slice Test of the 

MicroBooNE Light Collection 

System 

A. The Cryostat Setup 

Neutrino interactions with the argon 

will produce UV light. The pmts are 

sensitive only to visible light, so 

wavelength-shifting plates are used in 

front of each pmt that convert the UV 

light into visible light.  For the vertical 

slice test, the visible and UV light come 

from LEDs pulsed at adjustable 

frequencies and intensities. We send 

the light into the cryostat through 

optical fibers, which are positioned as 

shown in the following diagram:

 

 

Figure 2: Schematic of Bo by Christie Chiu 



The visible light goes directly to the 

pmts, and the UV light gets converted 

into visible light by the wavelength-

shifting plates before hitting the pmts. 

The pulser board that powers the LEDs 

is used as a trigger for the readout 

electronics to get the pmt signals.  

B. The Cosmic Ray Trigger 

 Part of my responsibilities was to 

help set up a cosmic ray trigger so that 

we can get pmt signals when a cosmic 

ray enters the cryostat. We use two sets 

of cosmic ray paddles, one set on either 

side of Bo. They are positioned between 

the two pmts, so that we will know that 

a cosmic ray hit the argon below the top 

pmt and above the bottom one, as in 

Figure 1. The paddles are plastic 

scintillators that emit light when cosmic 

ray particles hit them, with pmts 

connected to the base of the 

scintillators. We take the pmt signals 

and put them through a coincidence 

circuit. 

 

Figure 3: A pair of cosmic ray paddles, to be 

placed on one side of Bo 

 

Figure 4: Bo with paddles attached to the sides 

 Each paddle pmt signal is first 

amplified, and then discriminated so 

that we only see signals above the 

threshold we set, and then put through 

a logic circuit. The logic circuit sends a 

pulse whenever the two discriminated 

pmt signals occur at the same time.  

Right now we have one paddle from 

each pair in coincidence together. If we 

had another logic circuit we could also 

use the coincidence signals from the 

two paddles in each pair and then look 

at the coincidence of the two pairs. 

However, we are happy with the two-

paddle configuration because we get 

very little coincidences from noise.  

 The paddles in one pair measure 

4” by 6” and the paddles in the other 

pair measure 6” by 8”. We did some 

initial tests by delaying one pmt signal 

with a 50’ cable to an oscilloscope, and 

using a shorter ~5’ cable for the other 

pmt signal to see that were getting 

actual cosmic ray coincidences. The 

cosmic ray signals appear very large on 



the scope compared to noise, and they 

occurred at the same set time distance 

apart. We also saw the coincidence rate 

go up when we had the paddles laying 

flat on top of each other, compared to 

when we had the paddles standing 

vertically next to each other, which is 

what we expect. We demonstrated that 

the cosmic ray trigger works by seeing 

that we get a pmt pulse right after a 

cosmic ray coincidence signal. Here is a 

picture I took of the scope: 

 

Figure 5: Cosmic Ray Trigger pulse in yellow, 

PMT2 pulse in blue 

 We were only operating the 

bottom pmt (PMT2 in Fig.1) because the 

argon level was too low to operate the 

top one safely. (It was realized that the 

pmts must be completely submerged in 

liquid argon to operate safely, or 

otherwise the lower breakdown voltage 

of the argon gas as the liquid evaporates 

will cause sparks near the high voltage 

connections on the pmt base.) The 

cosmic ray signals occur at a rate of 

about one every few minutes, and of 

the 4 or 5 triggers we saw, one was a 

false trigger. There is a delay of about 

50ns between the trigger and pmt 

pulse, which is consistent between 

events.  

C. Running Bo and Testing Electronics 

             After all three triggers were set 

up, we did our first run with Bo. Once 

the cryostat was filled, we confirmed 

that the pmts, optical fibers, and 

electrical connections were all working. 

A week or so following the start of the 

first run, Bo was filled a second time. 

The Nevis electronics were installed for 

data taking with Bo on July 10
th

, and the 

first data were recorded on the same 

day. We ran both pmts and used all 

three triggers (UV, visible, and cosmic 

ray light sources).  Because only one 

external trigger input to the trigger 

board was implemented at this phase, 

we had to improvise how we get the 

trigger signals, which I describe in the 

following sections. 

 

Figure 6: A glimpse of the inside of Bo between 

fills  

 

 

 



III. The Nevis Electronics for the 

Vertical Slice Test 

 The raw signals from the 

MicroBooNE pmts first go into the 

preamp/shaper board and are shaped 

with a ~60ns rise time. The shaped 

signals are then sent to the ADC/FEM 

board, where they are digitized at 

64MHz. The height of each shaped, 

analog pulse is measured every 15.6ns 

and converted to an ADC count at 

0.25mV/ADC. The shaped pulses are 

each discriminated, and, if certain 

conditions are satisfied, two signals are 

sent to the trigger board. The pmt 

trigger marker, which marks the frame 

during which the trigger condition was 

met, is sent to the PMT1 FRA input on 

the trigger board. The pmt trigger type 

(a serial code determined by what 

trigger was met by the pmt) is sent to 

the PMT1 DATA input.  

 Whenever an external trigger is 

received through the external trigger 

input on the trigger board, the trigger 

board signals the crate controller to 

read out the data for each channel with 

signals above threshold in that event 

frame. The event frame is 64 

microseconds long, and the pmt 

readout frame is 1 microsecond long.  

For any given event (when an external 

trigger is received), multiple pmt 

readouts can be output. When an 

external trigger is received the trigger 

board sends a signal to the crate 

controller, which then reads out data 

from the trigger board and the 

ADC/FEM board. The data is sent to a PC 

via a PCIe card, and then gets stored in a 

text file in hexadecimal format. The text 

file is available on the computer 

connected to the crate controller for 

offline analysis [3].  

 

Figure 7: The electronics crate, with power 

supplies below 

 The extra external trigger inputs 

to the trigger board are not fully 

designed yet (only one external trigger 

input is available), so we had to alter the 

electronics setup slightly for the vertical 

slice test. We put all three triggers into 

an OR logic gate, and plug the output 

into the external trigger input on the 

trigger.  This way, if either UV, visible, or 

cosmic ray light flashes in Bo, we will be 

able to read out the pmt pulses through 

the shaper board. But with that setup 

there is no way of knowing which 

trigger (UV, visible, or cosmic) occurred. 

In the original plan for the vertical slice 

test, only the top two channels of the 

shaper board were to be used since we 

are only running two MicroBooNE pmts 

in Bo. In order to have information 

about the actual type of trigger that 

occurred, we are also plugging in the 

UV, visible, and cosmic ray trigger 

signals into three channels in the shaper 

board beneath the inputs for the two 

pmts.  Then, using software, we can tell 

which trigger caused the event by 

looking at which channels fired during 

the event. We will also be able to tell if 



more than one trigger fired 

simultaneously.  

IV. Readout Macros 

A. The PMT Data Text File 

 The raw data text file from the 

PCIe card is made of 32-bit words (8-

digit hexadecimal numbers) that give us 

information about the event. Multiple 

events are printed out in each text file. 

All of the 32-bit words in the text file are 

really two 16-bit words side by side. The 

readout macros use bit-wise operations 

to split each word in half. The first line is 

the event header containing five 32-bit 

words. The bits in these words contain 

the header word, module address, front 

end board (FEB) id, the ID, the number 

of ADC samples in the event, the event 

number, the event frame number 

(frame in which the trigger was received 

for the event), and the checksum (which 

checks to see if any of the bits in the 

previous bitwise comparison operations 

fluctuated from what they should have 

been while being read).  

 The next line contains a decimal 

number that is related to the number of 

32-bit words for that event. The 

following lines give information about 

each shaper board channel that fired 

during an event. A decimal number at 

the start of each line counts the number 

of 32-bit words in the lines above it. 

(The counters are not part of the data 

stream, but are put there to make 

reading the file user-friendly.) The first 

two 32-bit words are the channel 

header, and they store the channel 

number, pmt trigger type (though this 

feature is not yet fully implemented), 

the sample number (ADC tick number) 

on which the signal occurred, and the 

pmt frame number (frame in which the 

pmt fired). Each frame is 4096 ADC 

samples long so the sample number 

allows one to determine where the read 

out pulse, which is 64 ADC samples long, 

should sit within the frame. The ADC 

value corresponds to the voltage of the 

shaper board pulse at a point in time 

when it was sampled during a clock tick 

of the ADC/FEM board.  

 

Figure 8: Part of a pmt data text file showing 

two full events and the start of a third one 

B. Decoding the Text File 

 For the vertical slice test, I have 

edited existing root macros used for 

electronics readout testing, which read 

in the text file and fill histograms. These 

macros prepare the raw pmt data for 

physics analysis. We extract a lot of the 

information that you could get from an 

oscilloscope, but since there will be 30 

pmts in the MicroBooNE experiment, to 

be practical we need software to give us 

this information for each pmt. The 

macros read in the text file and then fill 

histograms with the ADC values for each 



channel for each event. One histogram 

has a bin for each time tick that the ADC 

board measured the pmt pulse voltage, 

and the bins are filled with the 

corresponding ADC values. This way we 

can see what the pulses look like. There 

is also a histogram of the maximum ADC 

value per channel, and a histogram of 

the time (ADC sample number) of the 

maximum ADC value per channel. I’ve 

written an algorithm that calculates the 

area under each pulse by summing the 

contents of the bins. I’ve also created a 

histogram that subtracts the baseline 

for these pulses, and fits them with a 

Gaussian so that we can get the full 

width at half maximum of the pulse.  I 

later updated the area calculation by 

integrating the Gaussian fit function.  

 There is also a histogram that 

shows the trigger type for each event, 

and the absolute frame number for 

each event, which is the frame in which 

the trigger occurred. Sometimes the 

frame during which the trigger occurred 

and the frame during which the pmt 

pulses are read out from the shaper 

board are not the same. Some 

histograms stitch the pmt frame onto 

the absolute frame of the event, so that 

the ADC values are filled in bins 

corresponding to the time tick when the 

ADC measurement was taken, but with 

the bin number set relative to the 

beginning of the frame during which the 

event trigger occurred. Finally, some 

histograms show the average maximum 

ADC value for each channel, the average 

time of the maximum ADC value for 

each channel, the RMS of the average 

maximum ADC value for each channel, 

and the RMS of the average time of the 

maximum ADC value for each channel, 

where these statistics are taken from all 

the events stored in the text file.  

 

Figure 9: Example of an output text file  

 Finally, I’ve created a text file in 

the macro that lists the event number, 

channel number, the maximum ADC 

value of the pulse, the time (sample 

number) of the maximum ADC value, 

the area of the pulse, the full width at 

half maximum of the pulse, and the 

triggers that caused and fired during the 

event. For the vertical slice test, I’ve 

edited the macro to identify the trigger 

type based on which of the five 

channels saw a signal when the data 

was taken, using the setup I described 

earlier where the trigger pulses enter 

the shaper board beneath the two pmt 

inputs. I’ve designed it so that we will 

also know if there were two or three 

triggers that happened simultaneously.  

Signals from channels one and two are 

pmt signals, while a signal from channel 

three is a UV LED trigger, a signal from 

channel four is a visible LED trigger, and 

a signal from channel five is a cosmic ray 

trigger. The pulses from the triggers are 

read out in the text file just like pmt 

pulses when they are plugged into the 

shaper board. I set the trigger id for 

each event in the part of the code that 

reads in the channel header, and store 



the trigger id(s) for each event in a 

vector. We are also planning to add the 

frame information to the text file as well 

[5]. 

C. Current and Upcoming Electronics 

Testing 

 The immediate goal of the 

vertical slice test is to adjust the high 

voltage that powers the pmt so that an 

ADC value of 20 corresponds to a single 

photoelectron pulse (1p.e.). The cosmic 

ray interactions with liquid argon have a 

signature trail of single-photon signals 

about 1.6 microseconds after an initial 

large peak. We have found the average 

height of single-photon pulses on the 

oscilloscope, which is about 18.9mV 

while powering the pmt with 1400V. We 

plan to adjust the LED so that we see 

ten times the 1p.e. pulse height on the 

scope. (The LED is not able to fire single 

photons at a time.) With the LED firing 

at this intensity, we will be able to read 

out the pmt signals with the electronics 

and adjust the high voltage to the pmt 

until we get the ADC value to be 200. 

This will mean that a 10-photoelectron 

signal corresponds to an ADC value of 

200. Assuming that the electronics 

behave linearly (which looks to be the 

case, but it will be confirmed more 

precisely in later tests), this will set the 

single photoelectron pulse to 20 ADC 

counts. This test is presently in progress. 

 Some other tests have been 

planned, such as characterizing the 

noise in the electronics and the noise 

contribution from the pmts.  We will 

also adjust the electronics to look at the 

late light from the cosmic ray 

interactions, which would allow us to 

see single photoelectrons. Additional 

testing plans for the readout electronics 

are listed in reference 5.   
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