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https://nica.jinr.ru/ru/open-lesson.php

| —— -
. _
.

uclotron-based lon Collider fAcility

SPD

BM@N (Detector)
Exfrocfed beam

Injection Complex

| —
3.0
A

# Beams: from p,d' to Au”°* < Fixed target experiment: BM@N (2018)
< Luminosity: 1027 (Au”°%), 1032 (p) cm™2s71 # 2 interaction points: MPD (2023) & SPD (2027)
< Collision energy: \/Syn,, =4 — 11 Gev Ej,, =1 -6 AGev # Official site: nica.jinr.ru
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collider

rate is limited just coverage of max. phase space
by detector capability minimum biased acceptance
easy upgradable free of target parasitic effects

disadvantages:

* alimited phase space * rate is limited by luminosity
« momentum dependent corrections * limited combinations “eam?’target”
« target influenced corrections .

15 November 2022 5



aryonic \Vatter uclotron

Central tracker (GEM) inside analyzing
Target and detectors to form T0, L1 magnet to reconstruct AA interactions
centrality trigger and beam monitors

BM@N physics program:
v strange / multi-strange hyperon and
hypernuclei production at the threshold
v" in-medium modifications of strange &
vector mesons in dense nuclear matter
v hadron femtoscopy

v" short range correlations

v event-by event fluctuations

v electromagnetic probes, states

Electromagnetic calorimeter for
y, e+e- identification (optional)

Outer tracker (DCH, Straw) behind magnet
to link central tracks to ToF detectors

ZDC calorimeter to measure centrality of
AA collisions and be used in a trigger

ToRsystem based on MRPC and TO
\ Large aperture analyzing magnet SP-41 I detedQrs to identify hadrons

PAIA

Benmunauus

15 November 2022 6



9 Countries, 17 Institutions, 227 participants

spokesperson — M. Kapishin, JINR technical coordinator — S. Piyadin, JINR

RSN ANG. A RS YN R e BV 7 AT NV SN AN W VAN e —
% m 'A\\ ‘T"-L -\'.J:. _.;-}f_ ;--u"u- L\-"-& 'av/u"- JI'

— o — &= B '
sr= = e e = [E I A =

DO e
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BM@N in Nuclotron Runs (2015 — 2022)

Nuclotron Run 51 (d,C) Feb. 22 — Mar. 15, 2015
Nuclotron Run 52 (d) Technical June 29 — June 30, 2016
Nuclotron Run 53 (d, d") Interaction rate: 5 Khiz Dec. 09 — Dec. 23, 2016
Nuclotron Run 54 (C) Mar. 07 — Mar. 18, 2017

Nucl. Run 55 (C,Ar,Kr) Technical+SRC Physics

interaction rate:; 10 KHz

Mar. 03 — Apr. 05, 2018

Nucl. Run 56: SRC (C) Physics Mar. 07 — Mar. 28, 2022
Nucl. Run 57: BM@N (Xe) Interaction rate: 10 KHz upcoming weeks

# Beams: deutron (4 AGeV), C1% (3.5-4.5 AGeV),
| Ar (3.2 AGeV), Kr (2.4, 3.0 AGeV)
Targets: C, Cu, Pb, Al, Sn, C,H,, H, or empty
< Trace beams, measure beam profile and time
structure

Test integrated DAQ, T, and Trigger system

# Detectors: MWPC, Si, GEM, ToF-400, DCH-1,
DCH-2, ToF-700, ZDC, ECAL, LAND

< Detect min bias beam-target interactions to
reconstruct hyperons, identify charged particles
and nucleus fragments

O

15 November 2022 8



Data Collected in Run 7 (Nucl. Run 55)

Main BM@N program:

One beam energy available for Ar-beam and

three for Kr-beam

Wide set of targets used: (C; Al; Cu; Sn; Pb)

Beam Ar (E=3.2GeV/n)
Total: 171.53 MEvents

C: 13.14 MEvents

Pb: 1549 r\n-:\-enﬂ ‘4265 MEvents

Sn: 33.20 MEvents

Cu: 35.86 MEvents

no target: 31.19 MEvents

Beam Kr (E=2.6 GeV/n)
Total: 50.05 MEvents

Pb: 3.88 MEven

Cu: 15.39 MEvents

Al: 14.21 MEvents

no target: 2.22 MEvents
n: 14.35 MEvents

BM@N
15 November 2022

no target: 5.66 MEvents

BM@N SRC program:
One beam energy available for C-beam
More than half of the collected statistics can be
used for SRC analysis

Beam Kr (E=2.3 GeV/n)
Total: 11.69 MEvents

Sn- 1.15 MEvents

Al: 3.38 MEvents

‘u' 1.50 MEvents

Beam Kr (E=2.94 GeV/n)
Total: 2.39 MEvents

Beam C (E=3.17 GeV/n)
Total: 99.77 MEvents

H2: 3423 MEvents

Pb: 51.52 MEvents

no target: 14.02 MEvents

SRC

u: 2.39 MEvents
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Common scheme of the BM@N experiment

Experimental Data Simulated Data
BM@N experiment Event Generator
produce events
Target Collision Events UrQMD, QGSM...
Detector, DAQ Detector Simulation
store events
BM@N systems Geant3, Geant4...

Event Reconstruction
Software of the experiment

Lo

Obtain and present Physics Analysis Compare analysis results
new physics results Software of the experiment with expected values

1@ pue 21Ny,

15 November 2022 11



27 years of CERN ROQOT evolution

https://root.cern.ch

ROOTQ/

Version 4

5'.

ROOT

Data Analysis Framework

b

WY
32
\Li“\-é

A RO QT €
i
™

Conceplior: Rens Brun, Fons Rademakers

Loac Deveopers. Rone Dun, Phlippe Canal Fons
Rademakers

Core Ergireedng: Berrand Ballenct, Ofivier Coset,
Gerardo Ganis, Andest Gheata, Loreaze Moneta, Axol
Naumaen, Paul Russo, Matevz Tadel, Timur Focheptsoy

Version 53432
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FairRoot Framework

The FairRoot package is an object-oriented simulation, reconstruction and data analysis framework based on ROOT. It includes
core services for detector simulation and data analysis for HEP experiments. The framework delivers base classes which enable
the users to easily construct experimental setup in a fast and convenient way. By using the Virtual Monte Carlo concept it is
possible to perform the simulations using either Geant3 or Geant4 without changing the user code or the geometry description.

FairRoot
==

Authors
@ i i Dr. Mohammad Al-Turany

HOME  |NSTALLATION CLASS DOCUMENTATION REPOSITORY ABOUT HOWTO @GSl CONTACT Dr. Florian Uh|lg

fairroot.gsi.de

The basic idea of FairRoot is to provide a unified package with generic mechanisms to deal with
most commonly used tasks in HEP. FairRoot allow physicists to:

X Allows physicists to concentrate on detector performance details, avoiding purely software engineering issues like storage, retrieval, code
organization etc.

X Do not submerge into low-level details, use pre-built and well-tested code for common tasks.

X Focus on physics deliverables while reusing pre-built and well-tested software components for common tasks.

15 November 2022 13




U < \ S
Q/:__’\/) Panda a} « .a
st decided to \ >

. EIC
Start testing join > oct. | SOFIA SHIP (Search
the VMC (Electron (Studies On .
concept for FairRoot: base . R'3Bd lon Collider Fission with for Hidden SPD@N‘IjCA
joine . Particl joine
CBM package for BNL) Aladin) articles) J

_ experiments ] 4 ﬁLI E
) i‘ s ) k. )@ ) w2 ) w )JJ ) s FAIF(Q:
i 1+ 1 1 1 1

= = = | L =
First MPD@NICA ASYEOS GEM-TPC ENSAR-ROOT BM@N@NICA
Release of started with joined seperated Collection of started with
CbmRoot FairRoot from PANDA modules used by FairRoot

branch structural nuclear

— . phsyics exp. |

Media & Support Flange (

GEM F
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BmnRoot Framework

Analyzing magnet
MWPC

Recoil (+ToT)
The software BmnRoot is ST (Silicon Tracker)
GEM

TOF1(mRPC)

developed for event simulation, |

CPC

reconstruction of experimental

. Straw

or simulated data and following

DCH

© o N o O MW N s (O

physics analysis of collisions of

TOF2(mRPC)

elementary particles and ions 1o W z0c

with a fixed target at the BM@N
facility. /
C++ classes, Linux OS support,
based on ROOT and FairRoot

The BmnRoot software is available in GitLab@JINR: https://git.jinr.ru/nica/bmnroot

15 November 2022 16



4 GitLab

Projects v
WMEN  bmnroot
£+ Project

Details

Activity

Releases

Cycle Analytics
@ Repository
D lssues 35
11 Merge Requests 0

# Cl/

b

Operations

Wiki

-

Settings

Groups v

GitLab services for B

Activity  Milestones  Snippets [
W MICA > w bmnrost » Details
swen bmnroot o 6+  wunstr & | Yo 4
Project ID: 25
& GNU GPLv2 -0~ 1,922 Commits ¥ 22 Branches & 1Tag 352.9 MB Files
Simulation and Analysis Framework for the BM@N experiment of the NICA project
f—
dev bmnroot + v History Q, Find file Web IDE @ v
28 new MPD-Scheduler version
e-’.::Q @ s680e4fs [y
¥ Konstantin Gertsenberger authored 21 hours ago
3 README @ Add Kubernetes cluster B CI/CD configuration
Name Last commit Last update
. KF update L1CAFinder for run7. Tested at the hydra with Fa... 1 menth ago
_ _ Projects v Groups More v
[ _Jery BmnSSDHitProduced removed from CellAutoTracking a..|

i NICA > bmnroot > Pipelines

M@N software

This project

advanced opportunity for
collective development

W zlignment corrections for right compilation B
W bd new FairSoft release: FairRoot was separated from BmnR., All 28 Pending 0 Running 0 Finished 28 Branches Tags Clear Runner Caches CILint
B bmndata corrections for new Event Header: almost all tasks copie.. ® Status Pipeline Commit Stages
W bmnfield first version of the L1 tracking in the official reconstructi..
0 () #307by¢ ¥1-alignment-.. < 7bf94510 & 00:11:58 s
- oot update L1CAFinder for run7. Tested at the hydra with Fa.. . | @ passed | I Correct estimation of .. | # about 17 hours ago v
B cmake first version of the L1 tracking in the official reconstru
&« Coll deba (] ————  #306by ¥1-alignment-.. < f21e1463 & 002158 .
copeee B confio decoder tree name changed and now js stored inthe b 7passed ‘ Iatesl Enabled Cltests forall... & about 17 hours ago ’
. .
Version Control System — Git o (o) BB — 5 w0 o
& passed | £ Correct estimation of t.. # about 17 hours ago ¢
Repository branch protection
———  #303by Y dev o f21e1463 & 00:12:39 o
Role_ba Sed access CO ntrol to projects Opassed ‘ [ tatest Enabled CI tests for all ... 9 about 18 hours ago v
e 1 ¥ dev o 1157e2e4 & 00:13:01
Issue Tracker (as a Project Management System) EEIR T I A @ -
Automated Tests & Deployment — GitLab Runners =~
t t t p y t - t ¥ dev o e71f6bca & 00:1230
» @ failed #300 by ToFA400 analysis draft ) # a dav ago @~ c

15 November 2022
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DAQ Storage

raw data in binary format

Geant3/4, Fuka Event Generators
DCM-QGSM, DCM-SMM, UrQMD...

digitizer
anDataToRoot.C

simulation
run_sim_bmn.C

raw_run.data

generator.dat

RAW
binary
format

ROOT
digits
format

reconstruction
run_reco_bmn.C

Geometry
Database

Unified physics
Condition .
Database analySlS

macro/physics/

Catalogue
15 November 2022 18
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BM@N Data Processing Flow

T [ Digitizer REC |
1
RQ FT REC i . I
EVB Il ROOT Format Event Physics !
FLP v 1 i i i
Pl [BelE Fast Event ] Al\l{la:rilzrg\t Reconstruction Analysis E
Event Quality Reconstruction| | 1 '
First Level ven Check ! 1
Processor Builder B _B.nlE.RPPE.@.%M.@.I\I.9I.St£|P.u.tnglLiS.t.er§ s
) Data Check Buffering TDS PDS
- Flow Control =% Sorting Transient Data Storage Permanent Data Storage
Formatting Distribution CEPH storage EOS storage

e-Log HIST EvMM

=

N \s—’

Information
Systems 4

 ertaces_]

Online Offline
Processing Processing

Online
Histogramming

Electronic
Logbook

Event
Monitor

DAQ

matched from “Data Acquisition System TDR”, DAQ Collaboration 20
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Online Electronic Logbook (e-LoqQ)

# The e-Log platform is a collaborative tool which provides shift
crews with an interface to store and share information with offline
users on various events or problems occurred in the experiment
during its operation

# |t uses the developed Logbook Database on PostgreSQL which
ensures correct multi-user access, data consistency, integrity
and automatic backup of the stored data

< Implemented interfaces provide a unified access to required
logbook data for various online and offline systems, and
convenient viewing, transparent managing and searching for
required information by users

< A part of the logbook data is automatically transferred to the
Condition Database of the experiment to use in offline analysis

15 November 2022 22



User Web Interface of the e-Log Platform

BM@N Electronic Loghook bmn-elog.jinr.ru Logged in as shift

Home New Find Lastday Account Reference Book — Number of items per page: |10 | Logout
Page:|1 v of 282 w

| D [Shtleder | Tpe | NeRn | Tgw | DAQSats SP4iA | SPSLA VA A Bem B OV | Tpst | Conmem __ Atchmen

2018-04-05 11:47:06 Rumyantsev = InformAll 5185 per.7 Special Trigger Al 0 0 0 Kr 2.94 Cu (2 mm) End of the RUN7
Cu target; Tr.=BC1 & BC2 & VC & Si>=3 VKM2:

2018040510920  Rumyantsev | NewRun | 5184per7  Beam Trigger +Si>3 Al 1250 50 125 Kr 204 Cu 2 mm) Cihs o S
2018-04-05081235  Rumyantsev = NewRun | 5183per7 = Beam Trigger + Si>3 Al 1250 50 125 Kr 204 Cu (2 mm) Cult:a;g;g';_;cjsg‘ /Scszpi\ifgs:igo'(:’z
2018-04-05 07:46:35 Babkin NewRun | 5182 per7 Beam Trigger + Si >3 All 1250 50 125 Kr 294 Cu (2 mm) Crzzazrg/e\t: ST};:;S;oiBSCFi?:\?gsg(‘)EPZ?J;/ ':2/\112:
2018-04-05 07-41:29 Babkin NewRun = 5180per7 = Beam Trigger +Si =3 Al 1250 50 125 Ke 204 Cu (2 mm) C‘[’:‘f;%i\t ;:;S;Oiags 41\/12;2')2301\/5:\”/2
2018-04-05 07:25:08 Babkin NewRun = 5179per7 = Beam Trigger + S>3 Al 1250 50 125 Ke 204 Cu (2 mm) C‘(’j;%i ;L:SE;E; 0i?§§4f¥25&022§1vgz
2018.04-05 06:01:07 Babkin NewRun = 5178per7 = Beam Trigger +Si>3 Al 1250 50 125 Kr 204 Cu (2 mm) C‘[’:tf;%i ;g;f; oiégsﬁzﬁ 5&02';30 1\/::32
2018-04-05 05:27:39 Babkin NewRun = 5177per7 | Beam Trigger +Si>3 Al 1250 50 125 Ke 204 Cu (2 mm) C‘(’:tf;%;t ;L‘;S;&Bgéﬁﬁ;ﬁ'z‘:’f&?
2018-04-05 05:27:06 Babkin NewRun = 5176per7 = Beam Trigger + BD>3 Al 1250 50 125 Kr 204 Cu (2 mm) C“‘ﬁrzg::\g;;i 155323\:’?2‘2‘03\?2;\@2
2018-04-05 04:47:27 Babkin NewRun = 5174per7 = Beam Trigger + BD>3 Al 1250 50 125 Kr 204 G | QUSRS CT GG &V GG VIO

1=125A, SP-57=50A, SP41=1250A; 213 kev

2020 - software team (contact e-mail: gertsen@ijinr.ru)

Common FreelPA Authentication: Administrator, Editor, Reader roles @
File Attachments (text description, photo) Multi-Column Sorting User Cabinet
Email Subscription to selected event types Logbook Monitoring Easy Searching

15 November 2022 23


https://bmn-elog.jinr.ru/

b e e 1

different types of events:
User Cabinet “shift started”

Event Subscription “problem report”
New record of the 'Configuration’ type. | “Conﬁguration” user 3
New record of the 'Inform All' type. O “neW run ”
New record of the 'New Run' type. O
New record of the 'Other type. O
New record of the 'Problem Fixed' type. O
user 4
New record of the 'Problem report’ type. O
New record of the 'Routine’ type. O
New record of the 'Shift started’ type. O
New record of the 'Shift summary' type. O
New record of the 'Software Installation' type. O

15 November 2022 24



C++ APl — REST API (in progress)

Autogenerated class wrappers for the logbook objects
allow to access and manage the data in the BmnRoot framework

ElogRecord — records written by a shift crew during the experiment runs which describe operating

modes of various systems and detectors and different types of events
ElogType — record types: ‘Shift started’, ‘Problem report’, ‘Configuration’, ‘New Run’, etc.
ElogPerson — a list of the experiment staff

ElogTrigger — dictionary of all possible trigger types

ElogBeam — dictionary of all possible beam particles
ElogTarget — dictionary of all possible targets

ElogAttachment — files attached to a record for detailed description of the run

ElogConnection — serves to open and close connections to the databases including e-Log

ElogSearchCondition — forms criteria for selection of necessary records

The main functions of the e-Log interface:
for data objects (static): Create, Delete, Get, Search, PrintAll.

for attributes (non-static): Getters and Setters functions, Print.

15 November 2022 25



DAQ EvB
system

Raw Event
Builder

HIST

Online
Histogramming

new run

/’—\,

new run

o

period, run
beam, energy, target,
magnetic field

Condition
Database

15 November 2022

Reset e | LS, 3 M S T

g

J

Welcome (o the BM@N Experiment  Trizpers  GEM Sllicm  ToFdll ToFTO0  DCH MWEC ZDC TGAL SRCTrigeens  LaMD  WSC

BM@N Silicons

Run: 4147 Energy: 3.20
Beam: Ar

Event: 20000 Target: ¢

Run Type: beam Field Voltage: 77.60

Silican_Station_i_mncule_0_layer_0

BO00Z-
500
40007
300

2000
1000

0

period, run
start & end time,
event count, file

path, file size

offline data processing

26
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jsSROOT (Javascript ROQOT) server provides processed histograms via the Web

BM@N Silicons

Run: 4147 Energy: 3.20
Beam: Ar
Target: C
Run Type: beam Field Voltage: 77.60

[ || Select Reference Run || Run 3946, beam Ar, energy 3.2, target C, Vollage 77.597222 ¥

Event: 20000

Silicon_Station_0_module_0_layer 0 Silicon_Station_0_module_0_layer_1
Silicon_Station_0_m... Silicon_Station_0_...
Ve = s T — L Entries 1057064 & : : * [Entries 153047
6000%.% : Mean 515.8 3500%- Mean 94.33
C% ; Std Dev 87.24 q Std Dev 122.6
BOOGZ b i L — 30007} |
o) : : q

4000*§L -------------------- S M——— T— 2500;

S | | 20001
1500
1000 , ,
A S 500 (™~ R R

MR I 1 U N I e vt MM.I’]T"T"T- L |
500 600 100 200 300 400 500 600
Qtrin Niimher Qtrin Niimhar -
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Event Monitor / Event Display



ATLAS (Atlantis)

ATLAS

EXPERIMENT

15 November 2022 30



.

Purposes of Event Display

design / offline stage = Offline Event Display:

*model and algorithm checking and debugging for
developers

¢ data reconstruction and analysis visualization for a better
understanding of the detector and event structure

*» demonstration and presentation of works

run / online stage = Online Event Monitor:

s visual online presentation of selective events during the
experiment run as a monitoring system

¢ visual control and debugging of current events

15 November 2022 31




based on the ROOT EVE package

graphically presents the events by
means of ROOT GUI and OpenGL

Event Display for reconstructed data:
hits, tracks, calorimeter towers

Au-Au Eygp = 4 GeV |

Event Display for simulated event data:
MC points, tracks, calorimeter towers

bmnroot/macro/eventdisplay/eventdisplay.C PP -5 14 v 1586
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DAQ storage @

/-\ &,
NS
digitizer = raw*.data \_/ s /.l/‘Q@
\ ; \9,1,@/) %,

S
Condition Database €2 <

30 View |

digits
TDAQ
EMS

digits

fast
clustering

tracking

C-C ELab = 3.5 GeV

experimental data v Online Event Display

GEM hits and tracks in run 1220 (C-C)
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Online Information System

Online Configuration System



i' 'I'. Configuration
L —5 Monitor & Editor
— : Q HTTP
M web server
&=

Online
Histogramming

digits

mappings

raw data Fast process

Event management

from DAQ Reconstruction (REST API)

PosereSOL - Configuration
Database

Raw Data Converter

detector Event

FairMQ Devices geometries L LSlrlIEels

start process topology y
control
keep alive DDS API
Dynamic Configuration
Deployment Manager

System (DDS)
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Online Processing System for BM@N

DDS (Dynamic Deployment System) is a set of tools that
facilitates the process of system deployment. As a Remote
Manipulator System (RMS), it initially provides SSH or
SLURM, but also allows you to use other methods.

FairMQ is a messaging library focused on building modular
systems for data processing in high energy physics
experiments. It represents an abstraction over various
messaging technologies such as ZeroMQ, Nanomsg, etc.

/ Raw Data HIST Online
Histogramming
FairMQ Sink

Converter
- Setup geometry
from Geometry DB

FE Reco Fast Event
Reconstruction
FairMQ Processor

DST format

. Cg

Event Display | :
eventdisplay.C E

Mapping from
Condition DB

from socket
o—>
Raw data

o—>

from raw file

Digitizer

FairMQ Sampler

15 November 2022

Digitizer
Computer

FairMQ

ED
Computer

.
--------------------------------------------

The purpose of the online data processing system
is selective data processing (digitization of events
and fast reconstruction) and monitoring of the
data of the ongoing experiment.

36



™ J

OCS Web Interface. Task monitor

B M@ N Baryonic Matter

—_— at Nuclotron

Menu

ACTIVATED TABKS

CONFIGURATION DESIGNER

DICTIONARIES ol

SETUR.NAMES

Get in touch

&4 Konstantin Gertsenberger

© JINR VBLHEP-MLIT, 2019-2021.
All rights reserved.
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BM@N Configuration DataBase
List of activated tasks
Task:  Select task Computer:  Select computer Module: | Select module Setup: | Select setup Status: | Select status
Select module
[ SEARCH ] [ RESET ]
m4
. . ‘ m171
For more task information , click on the task name. .
OnlineControl
Name Computer Module m4 Start Time Stop Time Status
fast_event_reco_imitator localhost OnlineControl test 2021-10-1915:18:35 2021-10-1915:19:14 Crashed
event_display_imitator localhost OnlineControl test 2021-10-1915:17:55 2021-10-1915:18:26 Stopped
root_digi_imitator localhost OnlineControl test 2021-10-1915:19:24 Running
Parameters: —time 10 -ts 10 -mfin bmn_root_digi_imit. message;
PathExe: tutorials/tutorial1/bmn_root digi imit;
Task Type: exe;
0S: centos;
Version: 1;
Instances: 1;
Restart On_Crash: +:
Start On_Boot: +:
Property: Name- DigilessProperty; Value- write;
online_histogram_imitator localhost OnlineControl test 2021-10-1915:19:52 Running
S



T [ Digitizer REC |
1
RQ FT REC i . |
1l ROOT Format Event Physics I
FLP EvB i Mapping Reconstruction Analysis i
Raw Data Fast Event [ Alienment 4 !
I Event Quality Reconstruction| | 1 '
First Leve ven Check ! ety
Processor Builder \\_B.nlEB?PE.@.%M.@.I\I.9LSt£|PE.tnglLiSLt.er§_"'
i Data Check Buffering TDS PDS
'y Flow Control =% Sorting Transient Data Storage Permanent Data Storage
Formatting Distribution CEPH storage EOS storage

e-Log HIST EvMM

Information
Systems 4

 ertaces_]

Online Offline
Processing Processing

=

(S

Event
Monitor

Online
Histogramming

Electronic
Logbook

DAQ
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Purposes of the Unified Database

# central data storage for offline data analysis (and may be
online tasks) in the experiments of the NICA project

# unifled 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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detector geometries
run_geometry

Hgeometry_id: INTEGER

run_

simulation_file

. ™
Bperiod_number: INTEGER (FK)
Zrun_number: INTEGER

file_id: INTEGER

L — — -

root_geometry: BINARY

—

pointer to
Geometry Storage
(will be removed after
Geometry Database

integration)

run_period

Bperiod_number: INTEGER

start_datetime: TIMESTAMP
end_datetime: TIMESTAMP

run info

file_path: VARCHAR(200)
beam_particle: VARCHAR(10)
target_particle: VARCHAR(10)
energy: FLOAT

start_datetime: TIMESTAMP
end_datetime: TIMESTAMP
event_count: INTEGER
field_voltage: FLOAT

file_size: FLOAT

geometry_id:
file_md5: CHAR(32)

file_path: VARCHAR(200)

energy: FLOAT

centrality: VARCHAR(10)
event_count: INTEGER
file_desc: VARCHAR(30)
file_size: FLOAT
file_md5: CHAR(32)

\

INTEGER (FK)

generator_name: VARCHAR(20)
beam_particle: VARCHAR(10)
target_particle: VARCHAR(10)

\

\ simulation data

15 November 2022

detector_

detector_parameter

. &

Bdetector_name: VARCHAR(10)

Pvalue_id: INTEGER

— — —
description: VARCHAR(30)
parameter_
Rparameter_id: INTEGER a4

parameter_name: VARCHAR(20)
parameter_type: INTEGER
is_array: BOOLEAN

detector_name: VARCHAR(10) (FK)
parameter_id: INTEGER (FK)
start_period: INTEGER (FK)
start_run: INTEGER (FK)
end_period: INTEGER (FK)
end_run: INTEGER (FK)
value key INTFGER_ _ |
rparameter_\.falue: BINARY,
| expiry_date: TIMESTAMP

detectors & parameters

parameters and parameter values,
and generated simulation files

storing information on
experiment sessions and runs,
setup geometries, detectors,

pointer to
SIM storage level

pointer to
EXP storage level

pointer to
Parameter Storage

@ PostgreSQL 12
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UniConDa in BM@N offline processing

detector simulation _
raw data processing reading and \ }’

h‘ event reconstruction changing data ( A2
o

: ~»
hysics analysis
A U users

Freel PAi authentication

BmnRoot
framework

!

C++ interface
— REST API
(connect, I/O, API)

Beam - Energy - Target distributions

Condition 2 S ,
Database p— . W;m:um.n,.: = P2 5001 utverss

Web Service

service python script for auto

updating simulation file list
Sinulation Data configuration parameter and

calibration algorithm data g docker

A HIGHCHARTS

nedee

[ 711 M| | .lllIIl

service python script for checking
integrity of the raw data files
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Web service for the Condition Database

BM@N Experiment Database

Documentation

The Unified Database is designed as a
comprehensive relational data storage for
offline data analysis in the fixed target
experiment BM@N of the NICA project. The
use of the BM@N database provides correct
multi-user access to actual information of the
experiment for data processing.

Account

Konstantin Gertsenberger
Admin

Profile Logout

Experimental Data
Dizstribution of runs by run periods (show time of all periods

Period 1: 93 runs

Period 3: 204 runs
Period 3: 200 runs
‘ Period 6: 471 runs

Period 7: 2200 runs

Simulation Data
Distribution of simulation files by generators

QGSM: 3044 files

LAQGSM: 6231 files
UrQMD: 15963 files
] HLLE_UrQMD: 138 files

PHSD: 87 files 3FD: 12411 files

Beam - Energy - Target distributions

Period & -

Show Pesst

bmn-unidb.jinr.ru

Beam C (E=5.14 GeV/n)
Total: 0.41 MEvents

.41 MEvents

Beam C(E=4.5GeV/n)
Total: 35.14 MEvents
C2H4: 3.02 MEvents

2o target: 4.62 MEvents C-9.36 MEvents

Pb: 5.36 MEvents '
Cu: 875 MEvents
Al 8.03 MEvents

Beam C (E=4 GeV/n)
Total: 20.85 MEvents

Pb: 1.24 MEvent: no target: 1.38 MEvents

C:5.08 MEvents
Cu: 6.14 MEvents

C2H4: 1.17 MEvents
Al 5.84 MEvents

Beam C(E=3.5GeV/n)
Total: 15.19 MEvents

Pb: 0.61 MEw
C: 2.60 MEvents,
Cu: 4.74 MEvents

no target: 2 92 MEvents

Al 432 MEvent

# visualization of summary data in the form of diagrams and charts

# convenient viewing, managing and searching for up-to-date information
on the BM@N experiment in tabular view by collaboration members

15 November 2022
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Parameter Values of the BMEN experiment

» BN Experiment
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= Parameter Values
= Simulation Files
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Simulation Files Detector & Parameters
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Condition Database. File Inspection Service

Report Selector

exp, data NCX 2022-09-01 03:00 2022-09-05 04:00 3635 39
exp, data NCX 2022-08-21 03:00 2022-08-2505:11 3635 72
exp, data NCX 2022-08-11 03:00 2022-08-14 22:05 3635 104
sim, data NCX 2022-08-0503:00 2022-08-0508:08 23964 8
exp, data NCX 2022-08-01 03:00 2022-08-0512:15 3635 35
Items per page: 5 - 1-50f 851 >
Error Graph
Experimental M Simulated NCX BB MICC

150

100

50

il C
. Hunli= 1N HEIE

Apr'22 May 22 Jun '22 Jul 22 Aug '22

@ Different MD5 checksum

@ File read error @ File not found

File Inspection Service

15 November 2022

Blank MD5 checksum

Sep 22

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

Jeos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_3567.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_3799.data

Jeos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4260.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_3735.data

/feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4500.data

/feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4633.data

Jeos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4662.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4689.data

[feos/nica/bmn/exp/raw/run7/4720-5186_BMN_Krypton/mpd_run_trigCode_5088.data

Jeos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_3455.data

/eos/nica/bmn/exp/raw/run7/4720-5186_BMN_Krypton/mpd_run_trigCode_5150.data

/eos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_3303.data

Jeos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_2240.data

Jeos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_2687.data

Jeos/nica/bmn/exp/raw/run7/3590-4707_BMN_argon/mpd_run_trigCode_4327.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4125.data

[Ermo 5] Input/output error

[Ermo 5] Input/output error

[Ermo 5] Input/output error

[Errno 5] Input/output error

[Errno 5] Input/output error

[Errno 5] Input/output error

[Ermo 5] Input/output error

[Ermo 5] Input/output error

[Errno 5] Input/output error

[Errno 5] Input/output error

[Ermo 5] Input/output errer

[Ermo 5] Input/output errer

[Ermo 5] Input/output errer

[Ermo 5] Input/output error

[Ermo 5] Input/output error

[Ermo 5] Input/output error
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Offline Information System

Geometry Database



Geometry Information System

# |Is based on the Geometry Database to work with detector geometries
of the NICA experiments and intended for storing and managing
Information on the geometry models of the detectors

# stores and manages geometry modules as ROOT binary objects

# each setup module stores a tag, version, transformation matrix, link to
the parent module

# constructs and manages full setups as a combination of geometry
setup modules, magnetic field and materials

# manages versions of the modules and setups
# provide users with viewing all components and setups

# provide detector geometries for online (e.g. monitoring the current
events) and offline (e.g. event reconstruction and analysis) systems

15 November 2022 47



Server Host

Php

~a

PostgreSQL
Master [€-- DBMS
DB 4

.
.
v
.

% Database Web-interface [¢

3 =
‘
:

User Workstation [
ROOT-based
- software

.S DB
2‘ replica

: o % 2
2 Pt SQLite
ﬂﬂ_ i ‘\. DBMS

»

% User API

. LAN

()
\
.
.

: _____________________ . _: User GUI

% Lead Developer GUI

Lead Developer Workstation

Postgre SQL
15 November 2022

% Developer GUI

LAN

~ Ty

Developer Workstation

Three user roles:

Lead Developer | Developer | User (Reader)

?SQLite
48



Status of the Geometry Web Platform

BM@N Geometry DataBase & bmn-qeOdb'“nr' ru User:: gertsen CONFIGURE WEBACCESS GouT

BM@N Baryonic Matter

at Nuclotron . -~
Setup Modul » simple authorization
etu odules
P > or FreelPA access
Menu Module Name (Tag) Date File Transformation Descriptio  Author  ParFile = Download
n
BD bd_v1_0 2018-07-26 vl 1.000 0.000 0.000 0.000 bdvi 0 aleksand
HOME
0.000 1.000 0.000 0.000
VIEW GEOMETRY A 0.000 0.000 1.000 0.000
VIEW. SETURS BD  geom BD detv2 2020-04-19 geom BD detv 1.000 0.000 0.000 0.000 geom BD d aleksand
VIEW.SETUR.MODULES 2 0.000 1.000 0.000 0.000 et v2
VIEW.EILES 0.000 0.000 1.000 0.000
VIEW MATERIALS
BD bd_vi_run6 20191224  bd_vi_run6é  1.000 0.000 0.000 0.000 bd_vi_run aleksand
VIEW.MAGNETIG.EJELRS 6.ge0
0.000 1.000 0.000 0.000
0.000 0.000 1.000 0.000
EDIT GEOMETRY v
CSC  CSC_RunSpring20 2020-04-19 CSC_RunSpring2 1.000 0.000 0.000 0.000 CSC_RunSp aleksand
8 e 0.000 1.000 0000 0000 'NE2018
0.000 0.000 1.000 0.000
Get in touch DCH  DCH_RunWinter2 2018-07-26 DCH_RunWinter 1.000 0.000 0.000 0.000 DCH_RunWi aleksand
e 2016 0.000 1.000 0000 0000 "ter2016
f9 Konstantin Gertsenberger 0.000 0.000 1.000 0.000
DCH  DCH_RunSpring2 2019-12-24 DCH_RunSpring 1.000 0.000 0.000 0.000 DCH_RunSp aleksand
018 2018 0,000 1.000 0.000 0.000 r‘mgzo‘is‘ro
BM@N Geometry Database has filled with the setup Graphical User Interface Functions:
geometries for Run 7 and 6 (all releases + dev) View Edit Download
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Offline Information System

Event Metadata System



Event Métadata System (EMS)

main functions are summary description of particle collision
events and their identifiers to select events for a desired analysis
goal; recording and storing necessary event metadata, their
management and convenient access; organization of online and
offline interfaces for selecting events of interest

IS based on the Event Database called Event Catalogue, which
contains summary properties of particle collision events and
references to their storage location

allows user to quickly search for a set of events required for a
particular physics analysis by various criteria and parameters

IS responsible for creating, maintaining and checking the quality
of the catalogue of the physics events and for providing statistics
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g4

g 4

Event Metadata System Requirements

Performance

- There are not too many requests per seconds, but heavy ones
Scalability

- BM@N has recorded about 0.5B experimental events

- Billions of events per year are expected for the NICA experiments
Avallability and fail safety

Role-based access control (LDAP or database)

- Event Consumer, EMD Writer, EMD Administrator

Integration with other experiment systems

- Run metadata are stored in the Condition Database

- FairRoot-based frameworks (BmnRoot, MPDRoot, SPDroot).
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Sign-On
(LDAP, FreelPA
or JINR SS0O)

Web Service

view
search
update EMD

retrieving
events

Web Browser

picking
Programming Interface

update EMD

retrieving

Production

{producer) Condition Database
produce
new event
information

ta
write ruf’ metadd
' preselectlon

write event metadata

update EMD

\ selection

Metadata Application

events

Experiment Software
(C++ ROOT)

Distributed
File Storage

15 November 2022

Gathering Service

Web interface
for viewing and
searching for event
metadata stored in the
Event Catalogue and
retrieving events which
satisfy given user
parameters

Metadata Application
Programming Interface

Monitoring and

Statistics System EMD Preducer

Event Selector

Event Retrieval

Event Cache®

RN

metadata
(EMD)

Event Catalogue

Metadata API
for writing new metadata
to the Event Catalogue
while data processing
and requesting events

event
indexes

&Iﬁ process

Workload
Management System

Dispatcher

event

indexes selected by criteria for
(_/L)<_9L, physics analysis in
_f BmnRoot

Distributed
File Storage
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Event Metadata Structure

period and run number (4+4 bytes)

file pointer (GUID) (4 byte)
event number (4 byte)

software version (2 bytes)
event time (4 byte)
flag to determine whether primary vertex

was found (1 byte)

number of primary tracks (4 byte)

number of all reconstructed tracks (4 byte)
track number of positively charged
particles from primary vertex (4 byte)
primary & secondary particles (4+4 bytes)
number of hits by detectors (4 bytes)

total input charge in the event (4 byte)
total output charge In the event (4 byte)

15 November 2022

EMS provide the following
functions: summary description
of collision events and their
identifiers, which can be used
to select events for a desired
analysis goal; recording and
storing event metadata in the
Event Catalogue; management
and a convenient access to the
metadata; organization of
online and offline interfaces for
selecting events of interest
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Prototypes of the Event Catalogue

AP ACHE

BRASE
250 500M HBase C1 HBase C2 HBase C3
=8=Select | =®=Select2 =#=Select 3 Select 4 2
§ Test0 56 min 28 min 63 min
Configuration VM: 200 =
. £
2 x Intel Xeon E5-2680 E C,SL;,,QSQL g Test 1 29 min 55 sec 28 min 02 sec 5 min
DDR4 240 GB 2133 MHz 3 130 g
SSD 400 GB Intel 5 = Test2 | 32 min 4 sec 28 min 47 sec 11 min
£ 100 E
Scientific Linux 7.9 o E Test 3 30 min 20 sec 29 min 52 sec 8 min
PostgreSQL 12.5 g 50 0
= ’.-
HBase 2.2.3, Hadoop 3.2.1 e z Test 4 28 min not supported by 1 min 52 sec
0 - g Apache Phoenix
=
100 500 1000 1500 2000 2500 3000
- Test5 29 min not supported by 2 min 12 sec
number of database records, millions Apache Phoenix
el Select ] ==#==Select 2 ==®== Select 3 ==X ==Select 4
Without indexing B With indexing period number 400
16 350 / W
, . 14 < 300
Configuration: 2 500M event entries PosigreSOL § cassandra
Intel Core i9-10900F £ g 250
DDR4 64 Gb 3200MHz § 10— g 200
SSD 1TB NVMe Samsung g 81 ‘5 150
.2 Q
b 2. 100
CentOS Linux 8.2 2 61 7
PostgreSQL 12.5 2 o4 50
Apache Cassandra 3.11.8 0 - . . . ; ; .
21— 0 500 1000 1500 2000 2500 3000
0 T T T number of database records, millions

Select 1 Select 2 Select 3 Select 4 primary key: ((PERIOD_NUMBER, SOFTWARE_ID),
PRIMARY_TRACKS, EVENT_NUMBER)
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{
Condition Database "reference": {
"storage name": "datal",
"file path": "/tmp/filel",
"event_number": 1

1

"software version": "19.1",

produce
new event
information

~
data
— ] — -wri‘ﬁ“‘m meu.]
pr election

SR | write event metadata
2 update EMD
! selection

metadata
(EMD)

"period number": 7,

JV Yy

"run_number": 50800,

"parameters”: {

Event JSON scheme

Event Catalogue
"track_number": 20

¥
¥

# Provides HTTP-based API using JSON formatting: POST command to create event metadata in the
event catalogue, GET request to obtain event records by criteria, DELETE to delete event metadata

# Ensures writing new metadata to the Event Catalogue while data processing and requesting events
by other experiment systems for chosen criteria, e.g. for physics analysis in the ROOT-based
frameworks

< FreelPA/LDAP protocol is supported for authentication (admin, writer and consumer roles)

# Uses the same selection criteria as the web service including range support

GET /emd?period number=7&run number=5000+&software version=20.08.0&track num
ber=10-15

GET /eventFileRef[?parameters] GET /eventFile[?parameters]

GET /count[?parameterl=valuel[&parameter2=value2[...]]]
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BM@N Events

BB Search Events
SRC Events

BB Search Events
Test Events

BB Search Events

K Kotlin

@

Test Events

Software Version

Period Number

Run Number

base parameters

Beam Particle

\

Target Particle

Energy, GeV

Total track number

Condition DB prefilter

Triggers (string)

configured parameters

~

[Y) Primary vertex v
B

(o) Limit [dfit=100]

IS

o] Offset
" cmem
£ selection
—

datal

datal

datal

datal

datal

datal

datal

datal

datal

Q‘I

Mvar/filel

/imp/filed

/tmp/file4

/tmp/file4

/tmp/file4

/tmp/file4

/tmp/file4

nmp/filed

/tmp/file4

nmp/filed

event pointers

_/

5100

5001

5001

5001

5001

5001

5001

5001

5001

5001

90

25

25

25

25

25

25

qwe

qwerty

qwertyl

qwerty

qwerty

qwerty

qwertyl

qwerty

qwertyl

qwerty

true

true

false

true

true

true

false

true

false

true

1-100f15

event metadata are written only if
primary vertex has been found in the event

# enables users to browse and search for event metadata stored in the Event Catalogue and retrieve
events, which satisfy given parameters

# provides events according to the selected event metadata and run metadata of the Condition Database
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Configuration File

{"remoteHost" : "db_host.jinr.ru", // e-Log database host

"remoteUser" : "remote_user", //remote host user

"dbname" : "elog_db", // e-Log database name
"dbPort" : "5432", // e-Log database port
"dbAuth” : true, // authorization type

// custom (additional, specific to experiment) column names
"colName": { "sp_41":"SP-41, A",
"sp_57":"SP-57, A",
"vkm2" : "VKM2, A"},
"colDef" : [
"columns" : [ {"column" : "sp_41 int null"},
{"column" : "sp_57 int null"},
{"column" : "vkm2 int null"}],
"expName” : “BM@N", // experiment name

"expLogo" : "logo.png", // experiment logo image

"expUrl“ : "https://bmn.jinr.ru", // URL to official experiment site

"notifySend” : true, // activate notification system

15 November 2022

Deploy Libraries Init

Deploy Service

Download docker ‘

Modify
and configuration Run docker
configuration file file
|
Deploy BERIoy & run Deploy & run Deploy & run EERIOY & run
. ) —> PHP, —> Apache —>
libraries PostgreSQL ohp-pasql AR Python

Deploy
Database
from GitLab

Deploy
Web service
from GitlLab

Deployed

elLog

4

docker

Deployment Scheme

The Common Deployment System is based on

Docker containers and shell scripts

It allows to install the Electronic Logbook System
for all the experiments of the NICA project
taking into account some specifics of the experiments

58]



Monitoring Information Systems

{5 88 BM@N Database Monitoring: In Detail « mon-ser\/ice.jinr_ru i el 1S o TEE Gl’afana

BM@N Information Systems ! Database: Response time . Server: CPU usage * Server: Load average (past 5 minutes) =
+ 025 6.00% 4.00% IeW
020 1
3.00%
018 | | 400% |
1o L B A L~ Lo i T T \TTY 2.00% Lywj.%u\\lw ,(' ) 200%
005 MY ‘muills TN L Y § o] Y A I
” flaruy 'mfu n"‘(‘ nry 1.00%
W (] 0%
08:00 09:00 10:00 11:00 12:00 13:00 08:00 09:00 10:00 11:00 12:00 13:00 o
— simple select, sec = user mode == systemmode == waiting for /O 08:00 09:00 10:00 11:00 12:00 13:00

Database: Number of rows (per minute) Database: Number of connections Server: Memory usage Server: Memory usage

600 0GB

8GB

400 .
=3 260 568

. 368 —
r 5%
08:00 09:00 10:00 11:00 1200 13:.00 250 25 .
== rows retuned == rows fetched == rows inserled == rows updated 245 0% 08.00 09:.00 10:00 1100 1200 13:00

08:00 09:00 10:00 11:00 12:00 13:00 08:00 09:00 10:00 1100 12:00 13:00

rows deleted == available == used == active

Database: Number of buffers

Database: Transaction count (per minute) Server: Disk usage Server: Memory Swap

a0 10 Mil 100% 150MB
| 1Ml — N
20 100K 5% 100 MB

10K

1K
100

A A B 7l AL Bl A A AN 08:00 09:00 10:00 11:00 12:00 13:00

50 MB

25%
oB
0800 0900 1000 1100 1200 1300 S ———— . 0800 0900 1000  1:00 1200 1300
- mitted = ians rollbacked = butfers written by the background writer L & T WY ED R = swaptotal = swap used

Database: Cache hit (per minute)

Server: Number of processes Server: Network activity ! Server: Network errors

3.0kB/s

50 < | R unread ﬁ Starred f'g Contact  © Tags @J Attachment

100

75

50

o _ I I _ B o . | ] Subject Correspondents
0 08:00 09:00 10:00 n [OK] PGSQL response time alert Grafana 2:41 PM
08:00 09:00 10:00 11:.00 12:00 13:00 — - - . _
X X totel ‘_hm“ tctsl procesees Service Monitor on CentOS7: server1 - PGSQL state changed to UP sh@yandex.ru 2:40 PM
= disk blocks found in cache = disk blocks read from disk = zombie processes 7

[Alerting] PGSQL response time alert Grafana 2:01 PM
Service Monitor on CentOS7: server1 - PGSQL state changed to *** ... o dyandex.ru 1:54 PM

* Unified Database + detailed S
Grafana < h@yandex.ru> v € Reply -~ Forward Archive @ Junk

* Electronic Logbook + detailed i;’e";"“‘“'“"""““"‘"""

* BM@N Web sites [OK] PGSQL response time alert

Grafana: Database monitoring warning!

PGSQL response time

Email Notifications
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admins writers readers

BM@N BM@N Registration L ~} B ﬁ @
M= - L \(! &P

Wiki Document Server bmn-ipa.jinr.ru

7 Services
O

Electronic Logbook

17 Groups
O 1o

J
s
e

Condition Database

‘49 Users

C
— - BM@N
Geometry Database ( J j Forum !
o s
Configuration -
System Event Metadata iy

Collaboration members
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https://bmn-ipa.jinr.ru/

Official BM@N Web Site
bmn.jinr.ru

Electronic Logbook Wiki Doc Server
bmn-elog.jinr.ru O bmn-wiki.jinr.ru

L

docker

Configuration System
bmn-online.jinr.ru

gin Condition Database
0 " bmn-unidb jinr.ru

/
09/}7

Event Metadata
bmn-event.jinr.ru

Geometry Database
bmn-geo.jinr.ru

Tango Viewer { NICA-Scheduler

bmn-tanqgo.jinr.ru bmn-scheduler.jinr.ru

Forum System
bmn-forum.jinr.ru
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Distributed Processing and
Computing Clusters



NICA Cluster MICC Tierl/2 Centre HybriLIT platform (HPC Govorun)
ncx[101-106].jinr.ru IXui,jinr.ru hydra.jinr.ru
(LHEP, b.216) (LIT, b.134) (LIT, b.134)

\

OS: CentOS 7.7 OS: Scientific Linux 7.9 OS: Scientific Linux 7.9

Exp. software: CVMFS Exp. software: CVMFS Exp. software: CVMFS, Modules
EOS: 1 PB (replicated) EOS: 1 PB (replicated) ZFS: 280 TB,
GlusterFS: 116 (replicated) Fast Storage on Lustre 100 TBssd
SGE: 500 slots/user SLURM: cicc — 400 slots/user SLURM: bmn — 192 slots

All external packages for BmnRoot have been installed & configured in JINR CVMFS
Automatic software deployment of the BmnRoot on CVMFS with GIT ClI
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MICC Complex
1 PB available
BM@N experimental data

NICA-Scheduler
$ nica-scheduler

raw_run7.data/run_digi.root >
||"’|'| < xrdcp W&

run_digi.root / bmndst.root

bmn_raw_run7_govorun.xml

<job name="convert_bmn_raw">
<macro path="~/bmnroot/macro/raw/BmnDataToRoot.C">
<file input="/eos/nica/bmn/exp/raw/run7/*">
<put command="xrdcp" path="/lustre/stor/${file_name_with_ext}"/>

<get command="xrdcp" path="/lustre/stor/bmn_run${last_number}_digi.root"

output="/eos/nica/bmn/exp/digi/run7/bmn_run${last_number}_digi.root"/>

</file>

</macro>

<run mode="global" count=“200" config="~/bmnroot/build/config.sh"

work_dir="/lustre/stor"/>
</job>

15 November 2022

Fast (Hot) Storage
100 TBssd available

Supercomputer
8. GOVORUN
T T
slurm

workload manager

_ CarmvM
g File system

Liquid Cooling Component BmnDataToRoot.C

Intel Xeon Platinum (queue ‘bmn’): 192 cores
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Monitoring System

Condition (Unified)
Information System

_ © 1 4
X 0
Electronic Logbook ‘\;‘\

Online (Data Acquisition S\ﬁte/m DAQ)'
7

Configuration
Information System

run info

Tango Online Histogramming

slow control system

Fast Event Reconstruction

Raw Dara Converter

raw

Geometry
Information
i System
Event
Metadata
System

EOS 1PB
raw digi dst
sim dst

CEPH

LHEP
raw
(primary)
data
N e
Wy Event Builder
Online Processing DAQ Storage
Event Data Online Offline
Parameter Data Online Offline
Control Data Online Offline
Single J Workloads (jobs) Online Offline
Sign-On TaskFlow Control Online Offline
(LDAP, FreelPA
or JINR SSO) Software Offline

15 November 2022

( N
¥ DIRACfc e
»* RUCIO complex BmnRoot:
= ] EOS 1PB raw—digi digitizer
raw digi dst digi—dst rec‘onstru.ctian
Data Management sim dst sim—dst simulation
System dst—ana analysis
Software Distribution
Archive SLURM: 400 iX slots user I (CVMFS)
$| Tape
Storage I
NN :
\ LIT
Data Transfer
Seitn HybrLIT HPC «Govorun» '
. platform QDQ
Airflow — Lustre ssb g
Q L u | J | : 100 TB
WorkFlow
Management Service ZFS SLURM: 192 iX slots @m@n)
80 TB
PANDA I || || .o RTIUTS SN
Fast Transient
E,\;y DIRAC Storage
Workload

Management System
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_ Submit thousand of jobs to DIRAC Job Queue

Collaboration members

ODIRAC

THE INTERWARE

Pilot job || Pilotjob || Pilotjob || Pilotjob Pilot job Pilot job
User User User User User
Job Job Job

Clouds  Govorun NICA Cluster External
Collaborators
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Tier-1 CICC/Tier-2 Clouds

Govorun NICA Cluster

Quotas (cores):
Tierl: 920 (for NICA)
Tier2: 1000 (for NICA)

GenToSim

SimToDst

100

Govorun: 192 (BM@N) 0

NICA cluster: 250 (for NICA)

JINR Cloud: 90 (for JINR)
Members-states clouds: ~500 (for JINR)
number of running jobs exceeded 1600

15 November 2022

Total number of jobs: 18,900
Total wall time: 29 years Average duration: 13 hours

Normalized CPU used by Site
67 Weeks from Week 21 of 2021 to Week 36 of 2022

150

125

kHS06 days

Tier1

Tier2

Govorun

Aug 2021

Nov 2021 Feb 2022

Max: 169, Min: 0.00, Average: 131, Current: 169

May 2022 Aug 2022

@ DIRAC.JINR-TIER.ru 91.8

1. B DIRAC.GOVORUN.ru
B DIRACJINR-CREAM.ru  65.7

. 10.2 @ CLOUD.JINR.ru 0.0
B DIRAC JINR-LHEP ru 11

Generated on 2022-09-13 13:14:32 UTC
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b

Official BM@N Web-site: bmn.jinr.ru

BM@N COLLABORATION ~ PHYSICS ~ DETECTOR~ SOFTWARE ~ COMPUTING ~ WIKI FORUM VIDEOROOM

1st experiment
of the NICA project

Official BM@N collaboration web-site

NICA web-site BM@N Project

A

BmnRoot code Unified Database ReadMe first

BmnRoot GitLab repository BM@N Offline Database BmnRoot Start Guide

15 November 2022

v Collaboration
v Information
v’ Documents

v Software

v Databases

v Computing Section
(NICA Cluster, MICC
Complex, HybriLIT
& Govorun)

v Guides, Manuals
v Wiki

v’ Forum

v Webex rooms

v BM@N Mail-lists
v etc.

69



Global Development Issues

Distributed and
High-Performance
Computing

Visualization

Databases,
User Interfaces
and Services

Web-services &
Online Systems

Simulation and
Reconstruction

15 November 2022

Workload Manager and File Catalogue for Big Data: DIRAC, PanDA, RUCIO...

Using Docker technologies to organize and support data processing
Implementing Distributed Data Flow | Computing Performance Evaluation
Search-profiling-parallelizing: OpenMP, MPI, CUDA/OpenCL, RDataFrame...

NICA-Scheduler evolution

Event Display as a Web-service: Offline & Online systems

Training course for the BM@N event display

Developing components of the Event Metadata System
Implementing new database features on C++ and ROOT 6, REST API
Database migration from SQL - NoSQL

Implementation of Online and Offline Monitoring Systems

Distributed Processing via the Web-service...

Development of a miniDST format and data generation
Implementation of fast event reconstruction for online processing

Optimization of the BmnRoot framework...
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3agadyum KBannpukaumMoHHbIX paboT (yacmb)

PaspaboTka cMcTeMbl pacnpeneneHHoro 3anycka 1 ynpaBneHust 3agadamMmm aKkcnepmMeHTa no
BbICOKOMHTEHCUBHOW 00paboTke AaHHbIX npu nomolun nnatdopmel DIRAC (python).

BHeopeHue Katanora annoB co cMogenmpoBaHHbIMWU U SKCNEPUMEHTaNbHbIMU OaHHbLIMU
9KcnepuMeHTa anga peanunsayum sbicokomHTeHcuBHoM obpaboTkn (RUCIO/DIRAC Catalogue)

Pa3paboTka cepBuca aBToMatu3aumm pacnpeneneHHon obpaboTku OaHHbIX 3KCNEpUMEHTa
BM@N (Apache Airflow, python).

Ncnonb3oBaHMe [OKEpP-KOHTEMHEPHbLIX TEXHOMOMMM AOns  OpraHu3auum W NoaaepXKu
obpaboTkn gaHHbIX akcrnepumeHTa BM@N (Dockers, python).

PaspaboTtka Beb-cepBuca Busyanumsaumm CcOObITUM CTOSIKHOBEHUSI 4YacTul, 3KCNEepPUMEHTa
(React, TypeScript, CERN ROOT || Phoenix Event Display).

PaspaboTtka cneunanunampoBaHHoro popmata miniDST B akcnepumeHTe (C++, ROOT)

PaspaboTtka n BHeapeHue WHMOPMaUMOHHBIX CUCTEM Ha 6Gasax OaHHbIX, COMYTCTBYHOLLNX
nHtepdgencos (React, REST API) u cepsucos. lNepesog Ha NOSQL napameTpuyeckon 4yacTtu.

Pa3Butne ocHoBHOro gopenmeopka BmnRoot, ycTpaHeHne npobnem (C++, ROOT).

Co3gaHne u BHeOpeHue MOMHOW METOAMKM OLIEHKM MPOM3BOAUTENBHOCTU CYLLECTBYHOLLMX
BblYMCNIUTENBHbIX NnatdopM Ansa akcnepumeHTa BM@N.
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Thank you for your attention!

More information: bmn.jinr.ru

You are welcome to take an cn
nica.jinr.ru

active part in the building of the
great project in Dubna!

Email: gertsen@jinr.ru

3 We are open for young people!



