
Report

Muboy_goodness Cut Biasing the 
Distribution of Exit Points in SuperK

Abstract

The report examines whether the muboy_goodness cut in the routine muboy_fit is the cause for a lack 
of exit points near the center of the bottom outer detector layer in a sample of through-going muon 

events. Through comparing the sample data to a set of randomly generated muons, the report concludes 
that the muboy_goodness cut at 0.6 is the cause for this effect and suggests that the cut be lowered to 

0.2.
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I. Introduction – The Problem

In a recent SK 3, SK 4 Outer Detector Efficiency Study conducted by Nicholas Chan under the 
supervision of Dr. Kate Scholberg, a “hole” was discovered in the tuning sample data – that is, there 
was a severe lack of exit points near center of the bottom layer. The tuning sample was a set of 
approximately 30000 muon events, including both stopping muons and through-going muons1, and 
although there was an expected anisotropy of the spread of entry and exit points from the geography 
surrounding the detector, the top and bottom layers, at the very least, were expected to see a more or 
less even distribution of events over the whole surface. The “hole” was thus postulated to be a 
programming issue, and this report seeks to verify or disprove that claim, as well as propose a solution.

An Important Note: this report only uses the top to bottom through-going muon events from both the 
tuning file and the randomly generated muon sample.

     Graphs 1a,b – Unrolled Display of the Detector with Entry and Exit Points in Red (Top-bottom)

       SK 3                    SK 4

     Graphs 2a,b – Histograms of Entry and Exit Point Radii 

1 For definitions please refer to the SK 3, SK 4 OD Efficiency Study Paper, p5
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In the graphs above, the expected distribution of entry and exit points should be uniform, 
meaning that the entry/exit point histograms should be uniform in R2. This translates into the straight 
line seen in the entry point histogram (graph 2a). In the exit point histogram (graph 2b), however, there 
is an obvious lack of muons for low values of R - it should fall linearly with R, but not reach zero until 
R = 0, and that is evidently not the case.

II. Analysis

     a) Muboy Goodness Issue

It was suggested by Dr. Kate Scholberg and Dr. Roger Wendell that this problem may be caused 
by a muboy_goodness cut. Muboy_goodness is an output value from the routine muboy_fit, a fitting 
program used to extrapolate the trajectory of the particle that created the Cherenkov light ring in the 
detector. The cut value was originally set at 0.6. To see if the “hole” was created by this cut, a random 
sample of through-going muon events were generated. The generation routine is as follows:

1) For the entry point, select a random x and random y within the top surface of the detector
2) For the direction of the muon, select a random phi and theta2

3) Require the muon to pass through both the top and bottom sections of the OD
4) Give each muon 2 MeV/cm * 7500 cm = 15 GeV of energy to make sure it completely goes 

through the detector in skdetsim

The produced sample as well as the resulting .zbs file after the muons were simulated by 
skdetsim had the predicted uniform distribution of entry and exit points. When the muboy_goodness 
cut at 0.6 was applied to the generated events, however, the “hole” was reproduced. Why this happens 
is not immediately obvious without looking closer at the muboy_fit subroutine.

     Graphs 3a,b – Unrolled Display of the Detector with both Entry and  Exit Points in Red (Top-bottom)

Generated Sample           Generated Sample (goodness cut at 0.6)

2 It should be noted that this does not produce a perfectly isotropic distribution of directions, but for the purposes of this 
study the difference is negligible.
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     Graphs 4a, b – Histogram of Entry Point Radius (Generated Sample, muboy_goodness cut at 0.6)3

     Graph 5 – Goodness versus Exit R (Randomly Generated Sample)

From Graph 5 it is obvious that the cut value of 0.6 is too high and is excluding a very large 
portion of data. What follows in this report attempts to determine a new cut value.

3 Scaling: the sample with more data (A) is given weight 1 for each event, whereas the sample with less data (B) is given 
weight = (total # events in  A) / (total # events in B) for each event
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     b) Defining a New Cut for muboy_goodness

Dr. Wendell suggested looking at the goodness of stoppers and through-goers as a criteria for 
setting the new cut. A data set was selected from the SK 3 data, and goodness plots were made for 
stoppers and their bottom exiting counterparts.

     Graphs 6a, b – Histograms of Goodness (Data, Stoppers are scaled)

As there does not seem to be a difference in the goodness distribution between stoppers and 
their respective through-going events, Dr. Scholberg suggested a cut of 0.2, and as there does not 
appear to be an obvious objection to it, that is the value the report will conclude with.

III. Conclusion

This report concludes that the lack of exit points near the center of the bottom layer of SuperK 
is a muboy_goodness cut problem, since that cut may have been arbitrarily assigned. A lower cut 
would solve the “hole” problem, and since there does not seem to be evidence in the OD data to 
invalidate the claims here, the implementation of a cut of 0.2 is suggested over the current, or even that 
the cut be removed altogether.
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