ABCD Oscillations4

The Binomial Test of ‘Oscillations’ in SCT Modules

Introduction

This document describes a test for the oscillations that have been observed in the S-curves of the noise occupancy based on the distribution of the number of hits/link/trigger.  In the ideal module the probability of getting a hit in two (or more) strips would be uncorrelated and the distribution of the number of hits on one side (768 strips ) would be a binomial distribution. The probability of n hits, when the probability of a hit in a single strip is f, is
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where g = 1-f and N=768.   f is the mean occupancy/768.

This test is based on the assumption that the oscillation is a positive feedback from the comparator to the front of the amplifier – probably through the detector crystal since we don’t see the oscillations in a hybrid that hasn’t been mounted on a detector.  We also know that  there are no oscillations if we disable all but one chip so it is likely that the oscillations are a constructive sum of the feedback due transitions in several channels in the same bucket (25ns).  This feedback will couple to many input channels and there will be substantial correlation between channels.  We don’t know how to calculate the distribution of hits when the oscillations occur but it is distinctly different from the binomial distribution.

For the test we count the number of strips which are latched on each side (link) for each event and store this info in a root histogram, h_hitsPerLink, with 769 bins (0-768).  From this distribution, Q(n), we construct the mean occupancy, Om, where
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The final figure of merit is the chisquare (Residual) of the difference between P(n) and Q(n).
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The Residual is typically less than 1000 for well behaved modules and greater than 10,000 when there are visible oscillations in the S curves.

Background data

The test was developed on LBL module 061 which shows strong oscillations in the S curves when it is trimmed and, like most modules, shows no oscillations before trimming. We used an untrimmed run to establish a baseline.  Fig. 1 shows the hit distributions, for the untrimmed module, for a few of the thresholds with occupancies near 50% and the binomial distributions with the same mean occupancy.  The fit is remarkable and the residuals for these fits are plotted in Fig. 2.  The residuals would have the distribution of a chisquare if the sum were confined to bins with a large number of hits. We sum over all bins and protect against division by zero in a way that de-emphasizes the contribution of the tails where NP(n) is less than one. The maximum residual is 80 which is about the number of degrees of freedom.

Fig. 3 shows the hit distributions after trimming and the distributions for link 1 vary from nearly binomial to ‘no where near’ binomial.  Moreover on link 0, where the S curves show no visible wiggles, the distributions show lesser but significant distortions  indicating that the oscillation affects both sides of the module.  The binomial distribution for the scan with 45 mv threshold is also plotted on Fig. 3.  Even those data that look like a binomial distribution are significantly broader.  Fig. 4 shows the residuals for the trimmed module.

We have arbitrarily set of cut of 2000 to mark the onset of oscillation but this should be reconsidered when there are more statistics.

Oscillations at High Thresholds  

At thresholds above 0.7 fc the test should be modified.  There are few events with more than 5 hits (in the absence of oscillations) and so the number of degrees of freedom is small (there are two constraints – the total number of events and the average occupancy).  We assume that regenerative feedback would affect many channels and would result in a long tail in the hit distribution but we need guidance to determine what would be a significant effect.  At the present time the program marks the onset of oscillations as the highest threshold at which the residual exceeds 2000.

Fig. 1 – Hit Distributions for Module 061 – link 0 – untrimmed.  Calculated binomial curves with the same average occupancy are plotted over the data.

Fig. 2 – Residuals from the data and calculations in fig.1
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Fig. 3 – Hit Distributions for Module 061 – trimmed.  A calculated binomial curve is plotted for threshold = 45 mv.
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 Module 061 trimmed

Fig. 3  Hit distributions for Module 061 – trimmed.  Calculated binomial curves are plotted over the data for threshold = 45 mv





Fig. 4 – Residuals for Module 061 - trimmed
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