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Abstract 

This paper primarily discusses two components of the MicroBooNE neutrino experiment’s 

preliminary tests in its final months before it commences testing.  The first of these tests was a 

series of performance checks on the nine TPC crates designed for the experiment.  Backplane 

beam tests, backplane supernova tests, and ASIC tests were performed extensively to ensure 

the TPC crates met standards for their arrival in August.  All nine crates were brought up to 

standards to prepare them for shipping to Fermilab.   The other component was a search for 

late light in previous tests taken at Bo.  After various methods of determining an appropriate 

shaper pulse, deconvolutions were performed on Bo data to extract the prompt and late lights’ 

corresponding times of arrival.  Deconvolutions produced appealing delta functions, but the 

identity of the later delta functions remains yet to have its identity confirmed.  

 

 

 

 

 

 

 

 

 

 

 



Introduction 

MicroBooNE is the next generation 

of neutrino detector following its 

predecessor, MiniBooNE, in search of   

events.  It is a Liquid Argon Time Projection 

Chamber (LArTPC), which comes with a 

number of benefits that MiniBooNE did not 

have that enable it to investigate the excess 

low energy neutrino events MiniBooNE had 

seen [3].  The primary enhancement is that 

this LArTPC can differentiate between 

photons and electrons as well as detect 

electron neutrinos with almost twice the 

precision of MiniBooNE.  Other benefits 

include the elimination of background 

neutral current neutrinos and a precedent 

for future experiments similar to 

MicroBooNE, accompanying numerous 

hardware advancements in its development 

[4].  Aside from being the frontier of 

LArTPC, MicroBooNE will also provide 

insight into the future of cold electronics 

used to minimize noise levels and maximize 

liquid argon purity.  

MicroBooNE is constructed to 

maximize event count and minimize cost. It 

will contain 170 tons of liquid argon with a 

purity of 100 ppt (parts per trillion) of 

oxygen, sufficient for the experiment.  It has 

2 induction places incident at 60 degrees on 

both sides of a vertical collection plane for 

collecting electrons [4].  Behind these 

planes, there are 32 to 40 photomultiplier 

tubes for collecting scintillation light. 

One of the most interesting benefits 

of MicroBooNE is its enhanced ability to 

detect neutrinos from supernovae.  

Previous neutrino detectors such as Super-K 

were able to detect inverse beta decay, but 

the additional sensitivity MicroBooNE 

provides with Cherenkov light from LAr 

enables the detection of the much weaker 

electron-neutrino elastic scattering which 

provides further insight such as the 

direction of the neutrinos detected [7].    

There is a great deal of information that 

could be accumulated with this additional 

sensitivity, and this is expected to grow in 

future LArTPC detectors.    

MicroBooNE promises to provide a 

great deal of insight into the low energy 

excess, the early internal processes behind 

supernovae, the possibility of light sterile 

neutrinos, neutrino cross sections, and 

future LArTPC detectors.  As this 

fundamental experiment approaches 

commencement, it is an exciting time for 

neutrino physics.  

 

Figure 1:  The MicroBooNE TPC 



TPC Crates: Background 

TPC Crates are containers for FEM 

modules, XMIT units, and control units with 

carefully designed backplanes and wiring in 

order to actually collect data from the TPC 

[4].  There are nine different crates at Nevis, 

each of which has its own XMIT, controller, 

and set of up to sixteen FEMs in its own 

particular arrangement.  FEM modules also 

come in two options: the first takes data 

only from the induction planes and has a 

higher baseline while the second takes data 

from both the induction and collection 

planes, making the arrangements of FEMs 

in the crates particularly important [2]. 

Cautiously testing each crate and its 

configuration is crucial to ensure that data 

taken in the upcoming months is reliable. 

The TPC crate tests included 

backplane beam tests, backplane supernova 

tests, and ASIC tests.  Each of these 

required a specific arrangement of some 

ordered number of FEM.  In late May DMA 

timeout errors, which cause the data 

collection program to terminate, rendering 

the data collection useless, began to hold 

back the crate tests.  The DMA timeout 

errors occurred in specific crate slot 

numbers and seemingly the same event 

number.  Through a number of methods, 

these DMA timeouts were, for the most 

part, suppressed and began to occur less 

frequently, so the crate tests resumed in 

June 

.   

TPC Crates: Results 

All nine crates passed all three tests. 

XMIT and controller modules were all 

constructed and given assigned to a crate.    

Almost all FEM modules that were suspect 

of causing DMA timeouts were corrected 

and successfully participated in their 

corresponding crate tests.  The crates, clock 

cards, backplanes, FEMS, XMIT modules, 

and control modules were all given labels 

with serial numbers, reevaluated, and 

packed accordingly for shipment to 

Fermilab. 

Additionally, the source of the DMA 

timeout errors was diagnosed during 

testing.  The source was determined to be 

the clock’s voltage, which was unknowingly 

influenced by its circuitry with a local fan.  

Several tests confirmed that there was a 

correlation between turning on or off the 

fan’s power and the appearance of a DMA 

timeout.  Furthermore, a large dip in the 

voltage appeared during these tests that 

appear to be related to the cause.  Further 

diagnostics are prepared to better 

understand the exact nature of this 

correlation.  

Analysis Code 

 The “analyzer.c” file created by 

Georgia Karagiorgi was updated to include a 

number of new features and correct 

previous errors.  First and foremost, the 

code was updated from purely interpretive 

to both interpretive and compileable code.  

Features include input/output methods and 



Boolean options for choosing types of 

analysis and efficient further analysis.  

Every histogram is now saved as a 

root file and each canvas is, additionally, 

saved as a .ps file.  Appropriate strings are 

created in the code for designating an 

appropriate output directory for the data, 

too.  The deconvolution analysis uses a text 

file that must be previously created in the 

appropriate directory.  The Boolean 

variables are made to decide between what 

type of data is desired for analysis.  Some 

particularly important examples are 

“overlaymax” which decides how many 

pulses should be plotted on the same graph 

in the output, “wholefile” which chooses to 

read the whole data file or the value of 

“neventslim,”  “cosmic” which is used to 

distinguish between a cosmic file and an 

LED file, and “debug” which enables 

debugging features.  Other such Booleans 

are created for normalization of pulses, 

averages, deconvolutions, and making a 

new shaper pulse. 

Errors in the readout were corrected 

to ensure accurate analysis.  Many events 

were not showing pulses or showing them 

in the incorrect channel or frame.  These 

problems have all been corrected.  Pulses 

are now shown in both real time and a 

standardized bin.  Events with incorrect 

headers or the wrong number of words 

were also excluded from analysis. Checks 

were made to ensure that all pulses fell in a 

reasonable range (I.e. non-zero and peak 

heights of at least 2100).  Finally, problems 

in distinguishing between cosmic and LED 

pulses were eliminated. 

Late Light 

The LArTPC depends on interactions 

between neutrinos and the liquid argon 

that ionize the Argon and produce 

electrons.  This ionization charge is brought 

toward the wire planes under the influence 

of an electric field.  32 to 40 photomultiplier 

tubes (PMTs) detect scintillation light from 

traversing charged particles [7].   

Light collection can be split into two 

categories: prompt light and late light.  In 

the TPC, an excited or Ionized Ar atom 

combines with another Ar atom in its 

ground state, thus producing an excimer 

(excited dimer) [5].  These excimers 

proceed to decay back into ground state 

atoms with decay times that are dependent 

on the energy state of the excimer (singlet 

or triplet).  A singlet state has an 

approximately 6 nanosecond lifetime and 

produces prompt light.  A triplet state has 

an approximately 1.6 microsecond lifetime 

and produces late light [1].  The ratio of 

these two types of light can be calculated as 

a function of dE/dx [5]. Distinguishing 

between the two types of light is important 

for accurate data analysis. 



Figure 2: Argon Ion Interactions [5] 

A Method: Deconvolution 

To model the arrival of late light in 

real-time and distinguish between the two 

lights, deconvolution was chosen to retrieve 

basic, intrinsic information gathered 

beyond simple pulse readouts.  The 

knowledge of when the light arrived is 

preserved in the data collection, so 

retrieving the instantaneous time of a 

neutrino event is possible from the data.  

The data is converted from its 

instantaneous ADC value into an aesthetic 

pulse by the shaper electronic unit.  This 

process happens through convolution of the 

instantaneous pulse with the shaper pulse, 

a simple square wave, before the data 

readout.    

 Deconvolution provides a method 

for extracting that square wave and 

retrieving the instantaneous neutrino 

event. Mathematically, convolution of two 

functions is the iterative transform of two 

functions given by the integral of the 

product of the two functions after one has 

been reversed and shifted appropriately.   

  
 

Convolution Formula (It should be noted 

that the right side has various forms so long 

as one function is reversed and shifted from 

the other) 

In this context (units of time) it can 

be seen as the weighted average of the 

square wave at a given time tick with the 

value of the instantaneous pulse from the 

neutrino event, shifted by the value of the 

time tick. The instantaneous pulse stresses 

different parts of the shaper pulse to 

produce a typical, appealing pulse.  

Convolution can also be seen as the product 

of each input functions’ appropriate Fourier 

coefficient to create a corresponding 

Fourier coefficient of a new, convoluted 

function. 

 Deconvolution is the reverse of this 

convolution process, taking the result of 

that convolution and one of the input 

functions and iteratively retrieving the 

other input function from convolution.  

There are a number of deconvolution 

algorithms, but Gold’s method of 

deconvolution was chosen specifically for 

its higher sensitivity to late neutrino events 

and its comparative simplicity.   



Gold’s Deconvolution Algorithm [6] 

The process is done using ROOT libraries 

and has been inserted into the analyzer 

code by Georgia Karagiorgi and updated by 

Michael Phipps and Connor Callahan.  The 

result is a series of delta functions whose 

instantaneous value is proportional to the 

integral of the convoluted pulse.      

Finding a Shaper 

Finding the correct shaper pulse is 

essential to performing an accurate 

deconvolution.  Unfortunately, data taken 

at Bo showed that the unipolar shaper 

originally intended for the readout had 

become almost a bipolar readout, with a 

large dip between peaks.  The cause was 

determined, later, to be a splitter that 

caused changes in the voltage near the 

shaper.  Speculation about the readout and 

the expected deconvolutions hence became 

complicated.  

 

Figure 3: Problematic PMT Shaper 

 Nevertheless, since the shaper pulse 

with the ringing was originally convoluted 

with the instantaneous pulse, a 

deconvolution with the ringing shaper still 

yields the desired results because 

convolution and deconvolution are inverse 

operations.  Data taken at Bo using a LED 

provides the shaper by utilizing pulses from 

the LED that are of known intensity and 

proper timing.  Data was taken over a 

thousand pulses were taken and, if they 

passed criteria that ensured they were 

appropriate, they were averaged in order to 

eliminate the effects of noise.  This resulting 

average was used as the shaper pulse.   

                                                                                              

Figure 4: Average LED Pulse (Shaper Pulse) 
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Testing the Method 

 Ensuring that the deconvolution 

provides plausible results is the first step in 

utilizing the shaper.  To assure the analysis 

was working correctly, a Gaussian curve 

was generated and deconvoluted with 

itself, which would, if correct, give a single 

spike (delta function) that identifies the 

pulse as itself in some way.  The delta pulse 

height was expected to vary directly with 

respect to the height of the Gaussian in 

some manner.   

 

Figure 5: Simple Test Gaussian 

Figure 6: Deconvoluted Gaussian 

 The deconvolution produced a delta 

function at the mean of the Gaussian with a 

height equal to that of the integral of the 

Gaussian.  This follows predictions and sets 

an ideal precedent for future 

deconvolutions.  It also provides intuition 

for interpreting the value of the 

deconvoluted Bo data.   

Cosmic Deconvolutions 

 Deconvolutions were performed on 

a variety of data files.  This resulted in a 

very large spike, followed by one to three 

consecutive, smaller spikes afterwards.  The 

question hence becomes the following: 

what generates the late deconvoluted 

pulses?  Ideally, these late pulses would be 

late light,

 

  Figure 7: A Typical Cosmic Pulse 

separated and fully visible, but the identity 

of these pulses needs to be thoroughly 

confirmed, particularly with the unusual 

appearance of the secondary pulse.   

 The pulses each have their own 

unique shape, height, and time.  The 

primary pulse is reminiscent of the delta 

function seen in the Gaussian test, which is 



expected and important for assurance in 

the algorithm.  The secondary pulse is very 

unique in that its shape is completely unlike 

the primary pulse or the tertiary pulse.  It 

has a peak height but the shape is almost 

Gaussian in appearance.  The tertiary pulse 

seems more like a delta function than the 

secondary, but the height of the tertiary 

pulse is too small for any conclusions.  The 

relationship between these pulses and 

different interpretations are crucial to their 

identification and progress in the search for 

late light.  

 

Figure  8: A Deconvoluted Cosmic Pulse 

LED Deconvolutions 

 In order to be certain that shaper 

pulse created from the average was a 

reliable function to utilize for 

deconvolutions, LED pulses were 

deconvoluted with the average LED pulse 

which again, since deconvolution is the 

inverse operation of convolution, should 

yield a simple delta function like the that of 

the Gaussian.  The deconvolution was 

performed on single LED pulses from the 

same data file that generated the averaged 

LED pulse (shaper).   

 

Figure 9: Deconvoluted LED 

The result was alarming because the 

LED pulses produced secondary pulses of 

their own in a similar shape as the 

secondary deconvoluted cosmic pulses, 

though with a much smaller height than 

those of the cosmic pulses.  This shows that 

there is something more intricate going on 

in the setup and requires a much more 

elaborate investigation.  As the method 

seemed to be working effectively (even 

increased iterations failed to eliminate the 

secondary pulse), there is likely a physical 

interpretation of the secondary pulses that 

demands further investigation.  

Secondary Pulse Arrival Times 

 Arrival times of the secondary 

deconvoluted cosmic pulses were recorded 

to try to provide further insight into the 

nature of these secondary pulses.  There 

Time (64 MHz) 



was a small amount of variety in the arrival 

times, but there was a very clear preference 

for the twentieth bin/tick. The spread of the 

arrival times was minimal with a few 

exceptions.  It is important to remember 

that not all events have secondary pulses in 

their deconvolution, so many secondary 

maximum bins occurred at random times 

throughout the interval after the primary 

pulse.  

 

Figure 10: Max Bin Histogram 

Note all Y-axis for Max Bin and Max value 

measures occurrences. 

  Late light is expected to have some 

small range of time values in which it would 

appear, but the spread in this seems too 

fixated on the twentieth bin to accept it as 

late light.  There is some spread around the 

twentieth bin, but that is most likely due to 

noise and not a physical phenomenon. The 

fact that there is a preferred bin for the 

secondary pulse and a single bin for the 

primary pulse might suggest that there is a 

clear dependence of the second pulse on 

the first.  

Secondary Pulse Heights 

 The height of the secondary pulses 

could show if there is a uniformity that 

would suggest the error is constant and, 

hence, likely electronic, or help to confirm 

that it is late light.  Late light is a single 

photoelectron with a known conversion to 

ADC, but unfortunately the deconvolution 

causes confusion due to the formula’s 

change in the units, particularly from the 

dummy variable, so interpretation becomes 

difficult.  Furthermore, seeing the 

difference in the peak heights of the 

primary pulses and the secondary pulses 

explicitly could be enlightening and provide 

the scope of the secondary pulses in the 

original pulse. 

                                                    Peak Height (ADC) 

Figure 11: Max Pulse Height Histogram 

 The results showed that there is a 

preference for the 22,000 to 23,000 range.  

There is, again, a large spread between 0 

and 22,000 and 23,000.  Because there 

were not always secondary pulses, many 

pulses have their secondary maximum near 

zero.  Primary pulses tend to have their 

maximum between 320,000 and 400,000, 

so this range is much smaller than the 

Time (64 MHz) 



primary pulses, as is clearly visible in the 

deconvolution graph.  The spread of values 

past zero, such as those near 10,000, is 

particularly troublesome because they 

make the phenomenon appear more 

natural.  Still, there is a strong preference 

for 22,000 to 23,000, which seems to 

suggest that the phenomenon is actually a 

hardware issue.  No conclusions can be 

drawn about the presence of late light from 

these values, but the fixation on a particular 

range is worth noting.   

Further Analysis  

 Other studies were done, graphically 

or numerically, to compare the pulses and 

gain intuition about the phenomenon.  

These include examining tertiary pulses, 

comparing the relationship between 

secondary pulses and primary pulses to that 

between tertiary pulses and secondary 

pulses, and comparing the time values of 

the original pulse with the deconvoluted 

pulse.   

 Tertiary pulses were examined in 

the same fashion as the secondary pulses, 

namely the arrival of their secondary pulses 

and peak heights were recorded.  These 

tertiary pulses had a slightly larger spread in 

their arrival time than the secondary pulses 

and a significantly larger spread in their 

maximum peaks. 

 

Figure 12: Arrival of Tertiary Pulses 

Histogram 

                                              Peak Height (ADC) 

Figure 13: Tertiary Pulse Peak Heights 

Histogram 

This fixation on a particular bin for the 

arrival suggests, again, that this issue is 

electronic and not natural; furthermore, the 

lack of uniformity in the peak heights seems 

to be more likely due to higher sensitivity or 

noise at such low amplitude rather than a 

natural phenomenon.   

 However, a secondary result can be 

drawn from this analysis.  The arrival times 

of the primary pulses are the ninth bin, the 

Time (64 MHz) 



twentieth bin, and the thirty-first bin, 

respectively.  Each consecutive pulse occurs 

eleven bins away from the previous one, 

which suggests that there is periodicity 

between consecutive pulses.  Looking at the 

peak heights, if one assumes the primary 

pulses occur roughly in a range of 320,000 

to 400,000, the secondary pulses occur in a 

range of 22,000 to 23,000, and the tertiary 

pulses occur in a range of 1,000 to 2,000, 

one finds that the average ratio of the 

secondary pulse to the primary pulses is 

equal to the average ratio of the tertiary 

pulse to the secondary pulse (about one 

fifteenth).  In other words, consecutive 

pulses seem to die off at a constant rate.  

A range of energies from 1500 volts 

to 1750 volts were examined to see if these 

comparisons held.  For energies below 1700 

volts, this was the case, but the effects 

become more difficult to recognize as all 

amplitudes became much weaker across 

the board in the analysis.  For energies at 

1700 and 1750 volts, the pulses began to 

saturate in the high gain channel and 

yielded similar, weaker results in the low 

gain channel. 

Comparing where these 

deconvoluted pulses seem to occur with the 

original, convoluted cosmic pulse, it is very 

clear that the deconvoluted pulses occur at 

the extrema of the original pulse.  The large 

initial spike occurs near the maximum value 

of any given original cosmic (the ninth bin).  

Each secondary pulse is aligned with the 

trough of the original cosmic (the twentieth 

bin).  All tertiary pulses, when they occur, 

happen near the very weak second 

maximum near the thirty-first bin.  Once 

again, this evidence seems to suggest that 

the problem is a hardware-related issue.   

Conclusions 

 The results are inconclusive, but 

they are hopeful and insightful. No pulse 

with a long decay constant like late light 

was present, but the bizarre shape of the 

secondary pulse could be concealing 

something relevant to the late light.  The 

even spacing of consecutive deconvoluted 

pulses implies that they are periodic.  

Keeping this in mind with the constant 

decay rate of the consecutive peak 

deconvoluted peak heights, there is a 

strong possibility that there might be 

remnants of the reflections studied by 

Victor Gentry that occurred in the cables 

used at Bo which survived throughout the 

analysis.  This would explain these peculiar 

effects and be correctable now that the 

splitter’s issues have been resolved.   

 Results will likely come immediately 

with the corrected, clean shaper pulse 

being utilized now at Bo.  A clean shaper 

would provide data readouts that are 

visually accessible, at least, in the original 

pulses to more easily compare them with 

their deconvolutions.  If the idea that the 

consecutive pulses are due to reflections 

holds true, improvements in the splitter and 

cables should already be capable of almost 

eliminating these effects.  The secondary 

pulse may also be corrected if the cause of 

its bizarre shape was related to small 



deviations from the unappealing shaper 

average.  At any rate, a clean shaper will 

provide accessible and reliable results for 

analysis with an elaborate analysis code and 

its procedures that have been developed 

for this substantially less attractive pulses. ] 
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