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Introduction

For data coming from our Belle II detector, how can we determine if 1t is reasonable and usable for our
physics research? What criteria should we use to assess this?

Data Completeness Data Consistency Error Check

Inclusion of all Uniformity in the Feedback on Data

Precision of the

necessary events data recording Corruption or loss
and parameters. process.

recorded
measurements

0 Inthe Belle Il experiment, each sub-system group maintains its own set of metrics and observables to evaluate the overall

quality of a given run. Based on this evaluation, runs are classified as , Bad, or
[ NorseT (noT seTJ
https://rundb.belle2.org/webview/runs/
EReco DQM m

v/ Ensuring these aspects are maintained involves continuous calibration, real-time monitoring,
efficient data filtering, and robust error-checking mechanisms within the DOM system



Features of DQM
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Data Handling

Data Flow in Belle I

HLT-based PXD data
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Output of HLT (low-level information,
timing, triggering etc.) and Express
reco (w/ PXD and further
reconstruction-related) are monitored
for DQM.
* ~3800 histograms from HLT, 41 MB (6.5
MB in file)
* ~7900 histograms from ERECO, 88 MB
(16 MB in file)

The numbers here are from end of Run 1 (2022).
The number of histograms have been increased to >10k from ERECO after LS1!


https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10061490
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https://github.com/root-project/jsroot/

DQM for the KLM Detector of Belle i




Data Processing & Analysis for KLM
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Observables

What observables should be included in KLM DQM to effectively monitor

hundreds of readout channels and the changing detector conditions on a

minute-by-minute basis?

Real-time Monitoring — Continuously monitor readout channel

Hit maps for all KI.M sectors
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Observables

What observables should be included in KLM DQM to effectively monitor to
hundreds of readout channels and changing detector conditions on a
minute-by-minute basis?

Dynamic Condition Updates — Time slice delta histogram analysis
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Observables

What observables should be included in KLM DQM to effectively monitor

hundreds of readout channels and changing detector conditions on a

minute-by-minute basis?

Automated Alerts — List of PVs & their alarm threshold

Data Visualization — Colorize histograms to visual

alert systems, labels, & thresholds
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Observables

What observables should be included in KLM DQM to effectively monitor

hundreds of readout channels and changing detector conditions on a

minute-by-minute basis?

Historical Data Analysis — Trend Plots (Mirabelle)
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Observables

What observables should be included in KLM DQM to effectively monitor

hundreds of readout channels and changing detector conditions on a
minute-by-minute basis?
User-Friendly Interface — Simplify monitoring and interpretation
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Approach

Hist Analysis
(Input)

ffor each processing, "event"

Dgtector Hist Analysis
A 4

Get (delta) histogram(s)

[For each of your analysis hist/canvas

Histo has changed?
(check nullptr)

Do analysis.
Extract observables. No
Check limits

.

Clear Canvas
Draw histo do not update

Color flag Canvas (opt: flag canvas as unchanged)

Flag Canvas as changed

.,

‘Write EPICS/Alarms
(Write MonObj)

Analysis done

for each processing, "event"

Hist Analysis
(Output)



RPC hit time
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Recent Developments

 Common functionality within the framework to save work on detector developer side.
* Recent changes will enhance the ability to flag run quality directly from 2D efficiency
plots.

» Use configuration file for settings, limits and EPICS (high level abstraction).

* Efforts are put to optimize plot ranges for directly obtaining significance.

Future Improvements

* Background Monitoring
* Finer granularity (Monitoring of each channel to better debug problems)
* Better Anomaly Detection (Use of some ML techniques).

* Faster Reactions (Automatic actions)
* Still requires improvement to defined actions clearly.
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Hist Analysis
(Input)

for each processing, "event"
Dg

tector Hist Analysis
\ 4

Get (delta) histogram(s)

[For each of your analysis hist/canvas

Histo has changed?
(check nullptr)

Do analysis.
Extract observables.
Check limits

N

Clear Canvas
Draw histo
Color flag Canvas
Flag Canvas as changed

do not update
(opt: flag canvas as unchanged)

o~

Write EPICS/Alarms
(Write MonObj)

Analysis done

for each processing, "event"

Hist Analysis
(Output)

Parses through extHits
and find KLMDigits to
match w/ extHits

e

Is # of digits matching >

MinimalMatchingDigits?

Skip Track

Approach

For a given muon in an event:

Cycles through selected extHit

o Cycles through
selected extHits in a
given track and goes
through set of criteria
to determine of extHit
and matched hit are
reasonable

|

Is # of matched digits in other

layers > MinimalMatchingDigits? No

Is # of matchedDigits in outer layers >
MinimalMatchingLayersOuterLayers?

Is # of extHits in outer layers < No
MinimalMatchingLayersOuterLayers?

is p,, >minimalMomentum?

- No

Use hits in efficiency calculation

Skip hit in efficiency
calculation

e Real Hits, 8
e Ext. Hits, 44

outer most layer

example diagram




dam/analysis/modules/src/DQMHistAnalysisExample*.cc
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#include <dgm/analysis/modules/DQMHistAnalysisExample.h>

using namespace std;
using namespace Belle2;

DQMHistAnalysisExampleModule: :DQMHistAnalysisExampleModule()
: DQMHistAnalysisModule()
{

setDescription("Example DQMHistAnalysisModule! with base features");

//Parameter definition

addParam("histogramDirectoryName", m_histogramDirectoryName, "Name of Histogram dir", std::string("test"));

addParam("histogramName", m_histogramName, "Name of Histogram", std::string("testHist"));
addParam("PVPrefix", m_pvPrefix, "PV Prefix", std::string("DQM:TEST"));
B2DEBUG(20, "DQMHistAnalysisExample: Constructor done.");

DQMHistAnalysisExampleModule: :~DQMHistAnalysisExampleModule()
1
// if this function is not needed, please remove

}

void DQMHistAnalysisExampleModule::initialize()
{
B2DEBUG(20, "DQMHistAnalysisExample: initialized.");
TString a = m_histogramName;
a.ReplaceAll("/", "_");
m_canvas = new TCanvas("c_" + a);
m_function = new TF1("f_" + a, TString("gaus"), -100, 100);
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void DQMHistAnalysisExampleModule: :beginRun()
{
// if this function is not needed, please remove
B2DEBUG(20, "DQMHistAnalysisExample beginRun called");
}

void DQMHistAnalysisExampleModule::event()
{
TH1* h = findHist(m_histogramName);
if (h !'= NULL) {
m_canvas->Clear();
m_canvas->cd();
h->Fit(m_function, "R");
h->Draw();
m_canvas->Modified();
B2DEBUG(20, "mean " << m_function->GetParameter(1));
B2DEBUG(20, "sigma" << m_function->GetParameter(2));
} else {
B2DEBUG(20, "Histo " << m_histogramName << " not found");

void DQMHistAnalysisExampleModule::endRun()
{
// if this function is not needed, please remove
B2DEBUG (20, "DQMHistAnalysisExample endRun called");
}

void DQMHistAnalysisExampleModule: :terminate()

{
// if this function is not needed, please remove
B2DEBUG(20, "terminate called");

b



