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A Remarkable Fact

% scribed by the san covered by Dirac
equation, discovered

e ed by the same
All spin ¥ particles are ¢

Here m is the mass.

Consequence: all matter particles come with anti-particles
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Time Series Analysis for Data Quality Monitoring
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Xavier Coubez, Pafrick Connor, Tajana vankar Roy Chowdhury

Run 316613

Intreduction

Dirops in trigger rate may be related to fuming on hi
woktage in pixel detector. Furthermore, it results Hsmgmm
lowe  entries. but the stafistic information remains. This
implies that physics is preserved.
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Summary

The CMS data must be selected and certified for physics analysis. The CMS trigger system
selects events that contain potentially interesting objects for the CMS physics program. Then, the
selected data are monitored for certification by experts. In this work, we establish correlations
between the trigger rates and the monitoring histograms for the ZeroBias data set. The result
shows that drops in the trigger rate may be related to turning on high voltage in the pixel detector.
We find that a significant decrease in the trigger rates doesn’t change statistical information which
implies that physics is preserved when the trigger rates drop.

1 Introduction

The LHC provides proton-proton collision at a rate of 40 MHz of events, but only a
small fraction of events are remarkable for the CMS physics program. The measured data
are selected by the CMS trigger system and certified by Detector Certification (DC) experts
to inspect the information for the physics criteria.

The CMS trigger system comprises two levels of triggers: the Level-1 Trigger (L1T) and
the High-Level Trigger (HLT). The L1T relies on an electronics system. Tt selects the events
upon the presence of potentially interesting objects, initiates a readout of the detector, and
sends the qualified data of a rate down from 100 kHz to the HL'T. Next, the data are further
filtered with more sophisticated algorithms and categorized into dedicated data sets by the
HLT. The rates of data taking are called data set trigger rates [1].

After selection by the CMS trigger system, the DC experts certify the data quality run
by run. Whilst states of the detector subsystems (DCS bits) are used to flag the data quality
at the level of each luminosity section (LS). [2].



2 Objective

Drops in the ZeroBias trigger rate result in anomalies in monitoring histograms. However,
this effect may vanish when histograms are normalized (see Figure 1).

The goal is to establish correlations between the drops in the ZeroBias trigger rates and
histogram statistics to understand whether the physics is preserved during drops happen.

Run 316613

Charge
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Histogram
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Figure 1: (Top) Standard time series histogram of charge in the pixel detector layer 1.
(Middle) Normalized time series histogram of charge in the pixel detector layer 1. (Bottom)
ZeroBias trigger rate time series, the blue area represents the period when there are inactiv-
ated detector subsystems and the marked luminosity sections indicate drops in the trigger
rates.
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3 Method

We use the ZeroBias data set to access the track quality information. Four pairs of
histograms are monitored: the charge and the size for each of the four layers of the pixel
detector. In the experiment, we consider only the charge histogram of the first layer of the
pixel detector named Pizel Layer 1 histogram because

1. the correlation of the mean values of the histograms shows a high-level similarity
between charge and size of the histograms (see Figure 2);
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Figure 2: Correlations of the histograms (these values are rounded to two decimal places).

2. the first layer of the pixel detector is placed nearest to the beam interaction point,
hence it is the most sensitive layer among all the layers. Therefore we expect the most
significant effect in this layer (see the right picture in Figure 3), while entries of the
histograms decrease for a further distance of detector from the beam pipe (see the left
picture in Figure 3).
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0 " : 3 )
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Figure 3: Statistic information of histogram in run 316613.
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4 Result

We display the mean and entries of the histograms in figure 4 and plot the histogram in
specific luminosity sections for both standard and normalized histograms in figure 5. The red
histograms are from the luminosity sections at which the trigger rates change significantly,
while the blue histograms are at the luminosity section with stable trigger rates.
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1500001
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100000}
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0 1 ol 1 I y C. 1 L 1 L
0 50 100 150 200 0 50 100 150 200
Lumisection Lumisection

Figure 4: (Left) Mean and (Right) Entries of monitoring histograms over run 316613, the
blue area represents the period when there are inactivated detector subsystems and the
marked luminosity sections indicate drops in the trigger rates.
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Figure 5: Standard and normalized histograms, the red histograms are at the luminosity
sections in which the trigger rates drop and the blue histograms are at the luminosity section
in which the trigger rates don’t drop.

The result shows that,
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1. certain trigger rate drops correspond to the luminosity section at which the pixel
detector starts or stops recording in that run;

2. statistical information (e.g. mean, standard variation) of the histogram is independent
of the trigger rates;

3. there is an anomalous period at the beginning of the recording.

5 Conclusion

Drops in the trigger rate may be related to turning on the high voltage in the pixel
detector. Though it results in low entries, the statistical information remains. This implies
that physics is preserved.

6 GitHub repository

All investigations can be found from this GitHub repository: https://github.com/
Kasidit-Beem/TkDPG-Summer-Student-Time-Series-Analysis.git
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