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Nuclotron-based Ion Collider fAcility

K. Gertsenberger

Beams: from 𝑝, 𝑑↑ to 𝐴𝑢79+

Collision energy: 𝑆𝑁𝑁𝐴𝑈
= 4 – 11 Gev 𝐸𝑙𝑎𝑏 = 1 – 6 AGev

Luminosity: 1027 (𝐴𝑢79+), 1032 (𝑝) 𝑐𝑚−2𝑠−1

Fixed target experiment: BM@N (2018)

2 interaction points: MPD (2023) & SPD (>2025)

Official site: nica.jinr.ru
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Information Systems for online & offline processing

BmnRoot | MPDRoot | SPDroot 
Run Control System
Online Histogramming
Event Display: offline/online…

Geometry IS (2019-2020)

Condition IS (2020-2021)

Configuration IS (2021)

Event Metadata IS (2020-2021)

Logbook IS (2019-2020)

RFBR Grant 2019 – 2021: Development of Information Systems for Online and 

Offline Data Processing for the Experimental Setups of the NICA Complex

Online & Offline
Experiment Systems

8 July 2021 4K. Gertsenberger



LOGO

Multiple formats of the BM@N parameters (2015)

~1000 raw files, ~2000 ROOT files, various parameter data

e.g. noise channels

HTML

Text

Excel
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Technical Run 1
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Why should a database system be used?

The lacks of the used file storing approach:

❖ parameter data of the experiment is distributed between many subdivisions → it is

difficult to find necessary absent information for the other subdivisions

❖ required information is stored in a lot of files of different types (binary, html, excel,

text)

❖ parameter files (e.g. detector mapping) may be corrected, but users will not know

about changes and will continue to work with old data

❖ geometry schemes were hand-drawn and varied from run to run

❖ the usage of multiple files and arbitrary formats, duplication of information in 

different files lead to data isolation, redundancy and inconsistency

❖ sequential, non-indexed access and search (not efficient)

❖ no mechanism existed for relating data between these files

❖ it is difficult to access and manipulate the data: one needs some dedicated 

programs

❖ uncontrolled concurrent access by multiple users often leads to inconsistencies
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Evolution of the Unified Database (2016-2019)

1st rev.

2nd rev. 3rd rev.
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database 

developers joke 
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Purposes of the Condition Database

central data storage for offline data analysis (and may be

online tasks) in the experiments of the NICA project

unified access and data management for all collaboration

members

correct multi-user data processing

ensuring the actuality of the information being accessed

(sessions and run parameters, technical and calibration data,

etc.), data consistency and integrity

excluding the multiple duplication and use of outdated data

automatic backup of the stored data
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{ Unified → Condition } Database Diagram
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The following solutions were considered 

to replace old packed structures:

ZeroMQ, MessagePack, BOOST, 

Protobuf, FlatBuffers, ROOT/TStreamer, 

C++ manual serialization.
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Integration with the NICA frameworks

The frameworks are available at GitLab@JINR: https://git.jinr.ru/nica/

The software BmnRoot, MPDRoot

and SPDroot are developed for

event simulation, reconstruction

of experimental and simulated

data and following physics analysis

of particle collision events

registered by the detectors at the

NICA collider.

C++ classes, Linux OS support,

based on ROOT and FairRoot
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Application Programming Interface (C++ API)

Autogenerated class wrappers for database tables with specific functions allow 

to access and manage data without SQL statements in experiment software

UniDbRunPeriod – describes run periods (a set of runs) of the experiment

UniDbRun – run parameters (number, time, energy, beam, target, magnet field, file path, etc.)

UniDbDetector – detectors of the experiment (detector dictionary)

UniDbParameter – common information about detectors’ parameters presented on the previous 

slides and stored in the database (parameter dictionary)

UniDbDetectorParameter – values of detector parameters for experiment runs

UniDbSimulationFile – describes a set of generated simulation files

The main functions of the database interface:

for data objects (static): Create, Delete, Get, Search, PrintAll.

for attributes (non-static): Getters and Setters functions, Print.
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integrating the database with experiment frameworks based on the ROOT package

using stored information in offline (and online) event data processing

implementing a convenient search for necessary information by various criteria
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Condition Database Architecture
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Local Condition Database as a local 

replica of the central database and 

mirroring are under closer consideration

python script for auto 
update of simulation file list 

users

FreeIPA    authentication
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Web service for the Condition Database
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visualization of summary data in the form of diagrams and charts

convenient viewing, managing and searching for up-to-date information on

the NICA experiments in tabular view by collaboration members
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Tabular View of the stored data

Detector & Parameters

Parameter Values

Simulation Files

Experiment Runs
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Monitoring Service

Monitored Hosts
Monitored Hosts
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• Monitoring Service Features
• Ping and PG-SQL request to check 

database server status

• Configurable via JSON file

• Email notifications

• Response time stored in InfluxDB

• Use Grafana for visualization and 
additional alerting

• Monitor server parameters such 
as Disk, CPU, Memory, etc.

Telegraf
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Monitoring Information Systems

Email Notifications

mon-service.jinr.ru Grafana

View

Condition Database + detailed

8 July 2021 17K. Gertsenberger



LOGO

Work on the Condition Database in progress

Configuration and 

Deployment System

The common Configuration and Deployment 

System is planned to be based on Docker 

containers and shell scripts

It allows to conveniently deploy the 

Condition Database and its services for all the 

experiments of the NICA project taking into 

account some specifics of the experiments
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Historical Preservation 

of Parameter Values

Parameter values need to be retained in 

case of updating. When parameter values 

are updated, the database saves the 

replaced data with the current expiry date.

It allows to repeat event data processing 

with outdated parameters used in the past
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Condition Database in Event Processing System
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Peter KLIMAI (8 July 15:30)

Development of the Event Metadata 

System for the NICA experiments



LOGO

The Condition Database developed on PostgreSQL is an important component of

implementing complex of the information systems and a centralized storage to provide

unified access and management of various parameters of the experiments for event

data processing, including simulation, reconstruction and physics analysis.

The current version of the Condition Database has been deployed in the NICA cluster of

the Laboratory of high-energy physics and is actively used in distributed data processing

of the BM@N experiment, the first experiment of the NICA project.

The C++ interface (API) has been implemented to use information stored in the

Condition Database for processing of simulated and experimental data in the experiment

frameworks based on the ROOT environment.

The Web service, single authorization and monitoring systems have been already

developed to simplify viewing and managing information on the experiments by users

over the Web.

The Common Deployment System and additional services are under development to

install the Condition Database for all the experiments of the NICA project taking into

account some specifics of the experiments.

Conclusions
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Thank you for your attention!

contact email: gertsen@jinr.ru
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