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Upgrades to the Compact Muon Solenoid (CMS) system for the High-Luminosity Large Hardon
Collider (HL-LHC) include the new Gas Electron Multiplier (GEM) detectors GE1/1, GE2/1,
and MEO. The development of the GEM-Online Monitoring System (OMS) is crucial to their
successful operation. The GEM-OMS provides real-time monitoring of key parameters, enabling
the detection of anomalies by filtering data directly through different controllers. With a focus
on improving efficiency and stability, the GEM-OMS offers a data visualization framework that
facilitates easy interpretation of data through tables, graphs, and charts. This ensures the effective
functioning of the upgraded muon system, contributing to the success of the physics program.
This proceeding offers insights into the current status of the GEM-OMS, highlighting its most

recent developments and advancements.
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Online monitoring system for the CMS GEM detectors

1. Introduction

The CMS experiment at the LHC [1] includes a comprehensive monitoring system to manage the
vast flow of data from the various sub-detectors and infrastructure. To meet this demand, the
GEM Online Monitoring System (OMS) was developed for real-time monitoring of GEM detectors
(GE1/1, GE2/1, MEO). GEM-OMS offers centralized data management and remote access to
detector experts, which is crucial as CMS prepares for higher luminosity operations in Run 3 [2]
and beyond.

2. Architecture

The OMS data warehouse (DWH) is built on Oracle databases, aggregating non-event data from
multiple sources [3]. Optimized Procedural Language (PL)/Structured Query Language (SQL) code
ensures real-time updates and seamless integration with CMS subsystems. The DWH supports both
dynamic and static datasets, allowing for long-term tracking of detector performance, and thus also
provides opportunities to rectify any anomalies. The GEM-OMS architecture is divided into two
layers:

» Aggregation Layer: This layer collects data from multiple sources and stores them in
the DWH, integrating non-event data such as CMS runs, trigger rates, and environmental
conditions. Data access is provided through a RESTful API [4].

» Presentation Layer: This layer provides an interactive, customizable interface for monitoring
GEM detectors. The Metadata API handles content organization and user privileges, enabling
customization of the dashboard. The Web application, developed with React [5], Redux [6],
and Highcharts [7], ensures real-time data access via dynamic charts and tables that are
adaptable to various devices such as laptop, desktop, and smartphone.

This combination of technologies in the presentation layer offers a comprehensive and user-friendly
interface for monitoring and analyzing the performance of GEM detectors.

3. Infrastructure

The OMS infrastructure is distributed across multiple locations, including the CMS experiment site
(P5) and the CERN IT facilities. The system relies on virtual machines, proxies, and two-factor
authentication to secure remote access, supporting distributed monitoring efforts across the globe.

4. Content Organization

The OMS interface is organized hierarchically [9], starting with the workspace, as shown in Figure 1.
Optional components, such as a controller for fine-tuning search results and a time-stamp filter, may
also be present.

* Workspace: Top-level container for organizing subsystems (CMS, GEM, DAQ, CSC, etc.).

* Folders: Mid-level containers group context-specific pages, such as Low Voltage (LV), High
Voltage (HV), and GAS for GEM Operation workspace.

» Pages: Each page serves as a detailed monitoring dashboard for a specific aspect of the GEM
system, containing one or more portlets that display data, trends, and status updates.
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Figure 1: OMS interface organization.
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Figure 2: GEM-OMS interface organization.

The GEM-specific content structure is illustrated in Figure 2 with details of parameters that are
monitored for HV, LV, and the gas system of GEM detectors.

5. Conclusion and Future Developments

GEM-OMS is a crucial monitoring tool that tracks the efficiency and stability parameters of GEM
detectors, ensuring their optimal performance. Future OMS developments include expanding the
monitoring services for the HV system, improving data preprocessing capabilities, and adding new
diagnostic features to ensure the robustness of the system for HL-LHC operations.
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