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BM@N in Nuclotron Runs (2015 2023)

Nuclotron Run 51 (d,C)
Nuclotron Run 52 (d)
Nuclotron Run 53 (d, d")
Nuclotron Run 54 (C)
Nucl. Run 55 (C,Ar,Kr)
Nucl. Run 56: SRC (C)
Nucl. Run 57: BM@N (Xe)

Feb. 22 — Mar. 15, 2015

Technical June 29 — June 30, 2016
interaction rate: 5 kHz Dec. 09 — Dec. 2 3, 2016
Mar. 07 — Mar. 18, 2017

Technical+SRC Physics
interaction rate: 8 kHz Mar. 03 — Apr. 05, 2018
Physics Mar. 07 — Mar. 28, 2022

interaction rate: 10 kHz Dec. 12 — Feb. 02, 2023

November 14, 2024

__,,> ‘ # Beam: Xe (3.8, 3.0 AGeV),
P previous runs: Kr (2.3, 2.6, 3.0 AGeV), Ar (3.2 AGeV),
S - C1? (3.5-4.5AGeV), d (4, 4.6 AGeV)

# Target: Csl or empty
previous runs: Pb, Sn, Cu, Al, C,H,, C, H,
# Integrated DAQ, T, and Trigger systems

# Detectors: FSD, GEM, CSC, ToF-400, ToF-700,
DCH 1&2, FHCal, ECal, LAND, profilometers...

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



http://www.youtube.com/watch?v=gqMnmxRj9Z8

Data Productlon In BM@N PhyS|cs Run

15t Physics BM@N Run
Two beam energy available for Xe-beam
Csl target is used as more similar to Xe
More than 600M events were collected
Beam Xe ( E=3.8GeV/n)

Total: 592.66 MEvents

Csl (2%): 547.84
MEvents

no target: 13.25 —7
MEvenis

Empty: 25.67
MEvenis

BM@N

Run 8

Beam Xe ( E=3 GeV/in)
Total: 59.86 MEvents

Csl (2%) 53.57
MEvenis

-

no target: 4.49
MEwvenis

400 TB (x4)

November 14, 2024

Parameter Value (approx.)
Data acquisition time 720 hours
Average run duration 20 minutes
Average run time break 2.5 minutes

Beam intensity (3.8 AGeV)

up to 900k/2.2 Xet/sec
up to 900k/12 Xe'/sec

Trigger rate 8 000/2.2 event/sec
Average event size 0,57 Mb
Data rate up to 2 GB/sec
Raw file size 15 GB
Event count per file (total) 25000
Total event count (ttest, calibration, pedestal) 645 M
Total (complete) file count 25 800
Total run count 1 920
Total raw data size 400 TB
Total replicated raw data 1.6 PB
Avg digit file size 1.1 GB
Avg DST file size 2GB




BmnRoot Framework
as a central BM@N software package



The BmnRoot framework is
developed for realistic event
simulation, reconstruction of
experimental or simulated data
and following physics analysis of
ion collisions with a fixed target
at the BM@N facility.

single stack for offline and online (FairMQ)
C++ classes, Linux/MacOS,
based on ./ ROOT and FairRoot

embedded services on Python

O Magnet SP-41(0)

B Vacuum Beam Pipe (1)
W BC1, VC, BC2 (2-4)

D SiBT, SiProf (5, 6)

W Triggers: BD + SiMD (7]
I FSD, GEM (8, 9)

@ CSC 1x1 m* (10)

O TOF 400 (11)

O DCH (12)

O TOF 700 (13)

W ScWwall (14)

B FD (15)

B Small GEM (16)

B CSC 2x15 m' (17)

B Beam Profilometer (18)
B FQH (19)

O FHCal (20)

B HGN (21)

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

November 14, 2024



DAQ Storage Geant4, Fluka  Event Generators
raw data in a binary format (DCM-)SMM, QGSM, UrQMD...

raw_run.data raw generator.dat
= 600 KB/event processor simulation = 10 KB/event
. converter + decoder ‘(’)

SIM
ROOT
format

DIGIT reconstruction
ROOT

format

DST
ROOT
format

physics

. miniDST
analysis

for PhA

RAW — DIGIT — DSTexp — PhA

RAW: raw (binary) event data collected by the
DAQ system after the Event Builder

DIGIT: detector readings (event digits) after the
raw data decoder (ROOT macro)

DSTexp: reconstructed data of experimental events

GEN — SIM — DSTsim — PhA

GEN: particle collisions description received by
event generators

results DSTsim: reconstructed data of simulated events

November 14, 2024 6



Complex of Software Systems

Distributed Data Processing and Storage



b /

TANGEY, M — i Raw PROC REC PhAN )
/ E ! 1
EVB / S il asliliias i ROOT Format Event Physics \ i
FLP v I | onfine Raw et Byt | Mapping Reconstruction Analysis  |!
. 1L Alignment !
) | - | CoDnverzler & Reconstruction : i

First Leve ecoder
Processor Builder : ETPB.OEE.@3P.Iit:Lb.u.tS(.i.(:o.rEEEt.lr.‘g.f!s.tfin. A
DIGI |

RAW & DIGI DIGI L DST RAW
| t t DST |
S ! |
N Data Check Buffering | p A TDS RAW PDS I
3 Flow Control =%  Sorting Transient Data Storage Permanent Data Storage I
Formatting e | CephFS storage / BM@N online farm LHEP & MLIT EOS storages I
I | I
I DIGI DST |
|
Raw Data |
ﬂh LDC Quality I e-Log HIST EvM I
4> Check I |
| Electronic Online Event I
RQ | Logbook Histogramming Monitor I
S /) \ J | \ Archival Tape Storage |
I (RAW & GEN) :
I I
| . |
Information Systems = Databases + Interfaces (GUI + API) + Services + ... I
; : : I
AQ Online Offline
(Data Acquisition System) v Processing Processing 7
S . e e e e e e e e e e e e e e e e e e — - <
November 14, 2024 8



¢ data transfer services enabling the transfer of large amounts of data between

workload management system for parallel task/job distribution N

file and event catalogues organizing smart namespaces with metadata

users and storages within the federal administration

workflow management service orchestrating task flows on data processing ¢

m as s e e e e e e S B S B S B S B B B B B B I BN B B B G B BN BN B B B B B S G G S EE B Eae B e Eae s e
- e s e S S e e e DS DS DS D D D G G DS G G G D G G G G G G G G G G G G G G G G G D G Sae S Sam S S mew e

O O S S S S S S S S S S S S S S B S S S S S S S S S S S S S B S S S S S S S S S B S e e e e e

information systems based on databases providing necessary information for
offline and online processing

user interfaces (Web, API, CLI) to manage databases and distributed data

\
|
|
|
|
processing !

November 14, 2024 9



Single Sign-On
(KeyCloak/JINR SSO) Electronic Logbook

(UniConDa)

78

Condition Database

‘ BM@N Online Cluster (DAg,dS(:) |
rd

Tango

l run info

Online Histogramming

Online Configuration slow control system

Platform

Event Monitor

Data Acquisition ~
Event Builder

Fast Event Reconstruction

Raw Dara Decoder

Geometry
Database

Event
Metadata
System

v DIRACc
—

Data Management
System

CEPH
raw

(primary)
data

EOS 1.2 PB
raw digi dst
sim dst

SLURM: 1000 cores
per user

MICC Complex

L]

clcc
complex

- . DAQ Storage
Online Processing & g
Event Data Online Offline
Parameter Data Online Offline
Control Data Online Offline
Workloads (jobs) Online Offline
TaskFlow Control Online Offline
Monitoring System .

Software Offline

Data Transfer
Service

Airflow

w
>

WorkFlow
Management Service

DIRAC

NN

BmnRoot:
EOS 1.2 PB raw—digi
raw digi dst digi—dst
sim dst sim—dst
dst—ana
Archive
| Tape
Storage /e0s cTA

SLURM: 2500 slots
for NICA

digitizer

reconstruction
simulation

analysis

Software Distribution

(CVMFS)

L]

HybrillT
platform

100 TB

Hot Transient
Storage

_’@

Workload
Management System

SLURM: 192 slots

November 14, 2024
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Workload Management System
based on the DIRAC Interware



HybriLIT platform

BM@N Online Cluster NICA Cluster GRID Tier1&2 Centres
dac.jinr.ru nex[101-106].jinr.ru Ixui jinr.ru (CICC) (« %;;g_‘jfizzrsc)

(MLIT, b.134)

intel) RSC g
-

(LHEP, b.205) (LHEP, b.216) (MLIT, b.134)

OS: AlmaLinux 9 OS: CentOS / Scientific Linux 7.9
Central Software Repository based on CVMFS for the experiment

CEPH: 2.8 PB (repli EOS: 1.2 PB (replica) EOS: 1.2 PB (replica) ZFS: 200 TB
: 2.8 PB (replica) - \ps: 300 TB (for NICA) EOS CTA: 500 TBtpes  Lustre: 300 TBssd (for NICA)
CEPH (hot): 100 TBssd
. SLURM: =~1800 cores SLURM: 2500 cores ~ SLURM: bmn — 192 cores
SLURM: =1000 cores (for all NICA users) (for all NICA users)

BM@N software has been installed & configured on JINR CVMFS (/cvmfs/bmn.jinr.ru/)
Automatic software deployment of the BmnRoot package on CVMFS with GIT CI/CD

November 14, 2024 12



Submit thousand of jobs to DIRAC Job Queue

Llcar ]

lLlcar ]

Collaboration members

|

| lcar ]

| lcar ]

User
Job
Production Manager: Igor Pelevanyuk O D I RAC
Pilot job || Pilotjob || Pilotjob || Pilotjob || Pilotjob Pilot job Pilot job
User User User User User User User
Job Job Job Job Job
BM@N NICA Cluster CICC CICC Clouds External
Online Cluster Tier-1 Tier-2 Collaborators

November 14, 2024
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BM@N DST Productlon via DIRAC (Run 8)

Total duration of Raw2Digi campaign = 1.5 days (0.2 s/ev)

Quotas (cores):

 Durationof a job

Each point is a job with particular duration on a
core with particular perfomance the benchmark

Tier1: 1500 (for NICA)
Tier2: 1000 (for NICA)
Govorun: 192 (BM@N)

NICA cluster: 1000 (per user)

Tierlold

~ Govorun -

cores

Tierlnewcores | - .
and NICA cluster |~

CPU core performance on benchmarks

-

DST production for Run 8 data (3.8 AGeV) took 1 week

Total files: 30 741  Total raw size: 393 TB

Average transfer speed (20 streams): 1.92 GB/s
Total transfer duration: 2d 15h

Max transfer speed (R+W) EOS@MLIT: 7.5 GB/s

Achieved Drive — Tape writing speed: 1.25 GB/s

Total disk usage per job (15 GB): 25 GB
RAM usage: 2 GB

Total wall time: 70 CPU years

November 14, 2024

CPU core performance on benchmarks
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Cumulative wall time by Site
93 Weeks from Week 04 of 2023 to Week 44 of 2024

ODIRAC

THE INTERWARE

BM@N

200

NICA Cluster 150 -
i
o
=
100 S
CICC
Tier-1

50

Apr 2023 Jul 2023 Qct 2023 Jan 2024 Apr 2024 Jul 2024 Qct 2024
Max: 220, Min: 0.01, Average: 105, Current: 220
H DIRAC JINR-TIER.ru 1076 W DIRAC JINR-LHEP.ru 270 W DIRAC JINR-LHEP-DDC.ru 11.1
B DIRAC JINR-CREAM.ru 59.1 W DIRAC.GOVORUM.ru 14.9

November 14, 2024 15



Software Distribution System
using CVMEFS and GIT CI|CD



o NICA | |=| bmnroot | Pipelines | #61482

GIT Pipelines on Merge Requests

clang-format files — checking compilation and main macros

@Passed Konstantin Gertsenberger created pipeline for commit gadaf7da [%y 21hours ago, finished 21 hours ago

Related merge request 11294 to merge tango_improving 9 Stable dev & pro branches, a ” tags

latest merge request €0 17 jobs @WS minutes 14 seconds, queued for 1 seconds Simu,ation/ _ deploy anROOt tO the CVMFS storage
Raw Data Decoder,

Pipeline Needs Jobs 7 Tests 0 Reconstruction Tests — deploy BmnRoot containers to the registry
— — Code Format — checking Clang code formatting
!/ Checker GIT Night Tests
check_permissions check_formattin build test_form_digi test_run_reco _ teSt a” anROOt macros
@ check permissions [s) @ check formatting_mr [s) @ build:almag 5] @ run_raw_bmn:almag [s) @ run_reco_exp:almagd [s) _ teSt a” C++ ﬁles for Correct Code format
@ buildcentos o @ run_raw_bmn:centos o © run_reco_expicentos o] _ generate Doxygen docu mentatlon
sex  bmnroot &
@ build:ubuntu & @ run_raw_bmn:ubuntu {3 @ run_reco_exp:ubuntu Y
Project information . - .
Simulation and Analysis Framework for the G iati O rnsimbmnamao (T O runrecosimamas  (© SOftwa re DIStrlbutlon
i f j ompilation q .
BMON experiment of the NICA project P @ run_sim_bmn:centos c @ run_reco_sim:centos c via CernVM Flle System
___-I
f- macros test ® nnsimbmnubuntu (2 © runrecosimubunty (2 Read-0n|y network file System with aggrESSive
| - format test caching, optimized for software distribution via
HTTP in a fast, scalable and reliable way
. VM /cvmfs/bmn.jinr.ru/
“ GItLab F||e system — centos?7
- docker docker E fairsoft
fairroot
merge build fest deploy ((_dev ) bnroot
request package package (rsync via transaction) — ubuntu2004
ST(]Q;EB fairsoft
%% CentOS pairroot
@ release Hnree
— alma9
CI/CD ubuntu

fairsoft
fairroot

bmnroot

£+ AlmaLinux

November 14, 2024 17



Data Management System
built on the DIRAC File Catalogue



@ ceph

for BM@N online (2.8 PB)
build on HDD with SSD buffer

< (IS
§ I

v.
§" for BM@N offline (1.2 PB)
build on HDD

sync | duplicate

for BM@N offline (1.2 PB)
build on HDD

November 14, 2024




DIRAC File Catalogue for BM@N

DIRAC File Catalog (DFC) is maintaining a single

global logical name space (maps a Logical File
Name (LFN) to the Physical File Name (PFN) at

distributed computing platforms

A user sees it as a single catalogue with

additional features (replica, policy, caching...)

DataManager is a single client interface for

logical data operations

DFC also may host Metadata

BM@N DFC Metadata (Run 8):

» period and run number

» start and end datetime

» beam and target particles

» run type

> energy

» magnetic field

» start and end event number
» event count

> file size

November 14, 2024

( )\
Authentication

& Authorization
System

(07

fCLOAK

Keycloak API

LFC Service

N =
<@
ey =

DFC Service FileCatalog StorageBase

ooo
Experiment

Systems

BmnRoot

framework % Y=

| |

File Metadata Server

ODIRAC

mvmetadatal

user credentials
4—)

user token

requests

~
“A 7‘?#@ o

Element
EQOS

Metadata REST API

20



Workflow Management Service

implemented through Apache Airflow



monitoring of

new data file
(10s)

Novem

Apache

Metadata DB
PostgreSQL

coxpaHeHune
pesynLTaTos

HTEHWe AaHHbIX
3ana

0 3anyckax 1 ux
pesynsTaTtax

3anuck u
CMHXPOHU3aUNA
3anay

ynpasneHue n oTCnexuesaHuwe

|
I
I
1
I
I
I
I
I
1
I
1
1
I
: 3anyckos DAGS U pe3yneTaToB
I
|
I
I
I
I
1
I
I
1
I
1
1
I

WX BbINONMHEHWA

Scheduler

User Interface Web Server
Ha3HavyeHune
HOBbIX 3afa4

TeHue,
w3MeHeHue,
cospaHve DAGs

yTeHne
DAGs

4YTeHune
DAGs

DAG Directory

parallel copy
files to NCX
EOS

XRootD

checksum
calculation
(Adler32)

checksum
verification
(Adler32)

parallel copy
files to MICC
EOS

ber 14, 2024

Airflow

DAGs  Cluster Activiey  Datmsets Securiy . Browsa.  Admin.  Does

:DAGS

| @ [—r Y R @ Faied@ v Qoo C
| o oz Owner 3 Run Schodin LastRun & Wextan = Recent usks Aetioms Link
| D) s e OfO 0 TDTRDIDO Bm I o} o

| Qomicirgn swom @O wew mmrmosms mmnessm 00 n

Airflow DAGs can be used for
repeating data processing of
simulation and experimental events

Airflow DAG for online transferring to
the EOS storages, archiving to the Tape
Storage and running online data
processing using DIRAC

ODIRAC

event
reconstruction
using DIRAC

raw data
processing
using DIRAC

writing
results to the
storages

ODIRAC
archiving raw email and
data to the Telegram
Tape Storage notifications
CERN
Tape Archive o
22



Electronic Logbook Platform

Online Information System



create a current username

new run day records

work with # records

user cabinet ... )
dictionaries ;
(event subs) per page file

advanced
search

attachments

# page
BM@N Electronje’Logbook p g

bmn-elog.jinr.ru Logged in as shift
. / fast search .
Home New Find Lastday Account Reference Boo @ Number of items per page: 10 v

Page: v of 282

p v

2018-04-05 11:47:06 Rumyantsev InformAll -~ 5185 per.7 Special Trigger Al 0 0 0 Kr 294 Cu (2 mm) End of the RUN7
0160405110920 Rumyamtsev | NewRun  5184per7  Beam Trigger + Si=3 Al 1250 50 125 Kr 294 Cu (2 mm) C”gggg;_?%ﬁ ,f C;Pi‘ 1\‘:?2@;;:31 {;;K:AZ:
0180405081235  Rumyantsev | NewRun  5183per7  Beam Trigger + $i>3 Al 1250 50 125 Kr 294 Cu (2 mm) C”f;ggg;_?%ﬁ f %zpi‘ 1\‘:'(1328;'08:21 ;OK:AZ:
2018.04-05 07:46:35 Babkin NewRun = 5182per7 = Beam Trigger +Si>3 Al 1250 50 125 Ke 204 Cu (2 mm) C‘”:tgg:? ;Lfﬁ?fgoi88054%:\‘;25%1?;%:&21
2018-04-05 07:41:29 Babkin NewRun 5180 per.7 Beam Trigger + Si =3 Al 1250 50 125 Kr

2018-04-0507:25:08 Babkin NewRun | 5179 per7 Beam Trigger + Si =3 Al 1250 50 125 Kr

2018-04-05 06:01:07 Babkin NewRun | 5178 per7 Beam Trigger + Si =3 Al 1250 50 125 Kr

2018-04-0505:27:39 Babkin New Run | 5177 per7 Beam Trigger + Si =3 Al 1250 50 125 Kr

2018-04-05 05:27:06 Babkin NewRun = 5176 per.7 Beam Trigger + BD=3 Al 1250 50 125 Kr

2018-04-05 04:47:27 Babkin NewRun 5174 per.7 Beam Trigger + BD=3 Al 1250 50 125 Kr

2020 - software team (contact e-mail: gertsen@jinr.ru)
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http://bmn-geodb.jinr.ru/

3 T, 1 - w
ek el 3 r :',ll

Online Statistics o the e-Log Plétform

500

s Integral Statistics

300

Integral statistics, events: 10°

200

100

e-Log event statistics (Run 8): statistics by event type / integral statistics of physics events

The information is current as of February 20 2023 23:59

run date § Physics Events
= [ Test Events
% . [ Calibration Events ; §
§R £
£ ; :
Daily Statistics :
£
’ ; H 1
£ 3 ; £ 3
1 HEE ; :
i © v -
s 111 : 10
Eod ‘ A i
i 1 1 g g % - 3
* §g g : £ ;i g =13 i
i :
38 g ,
g :
0

ATIZAZAZI3AZ 14429512 46121712 18421812 20.4221.12 22.4223.4234.12 25.1226.12 27.1220.12 29123012 3112 01 01 02010301 04.0105,01 06,0107.01 0R.0109,01 40.0911.04 12.0143.01 14.0115.01 16.0117.01 18.0119.01 20.0121.01 22.01 23,01 24.0125.01 26.0127.04 28.0129.01 30.0131.091.02 02.02

run date
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Online Configuration System

Online Data Processing



e

'll'hu-l
L

...ﬂ-

RAW PROC FAST REC

Online Raw Fast Event
Converter & Reconstruction
Decoder

I

TDS
Transient Data Storage

CephFS storage / Online cluster

1

HIST EVM
Online Event
Histogramming Monitor

> Online > A # s - A 4
Processing start —— monitor —— control ——restart — stop

November 14, 2024 27




BM@N Conflguratlon Onllne Platform (COP)

Online - o - — Configuration
Histogramming - - manl i . -
g Systerg ‘ . Monitor Designer & Monitor
B HTTP
[ Process Tree ] web server
/ Raw Data i Online
Processor

Histogramming

mappings from
Condition DB

raw dats | FastEvent

L)
from DAQ Reconstruction

(socket) - process
management
= (REST API) PosigroSOL Configuration
Event
o I\-'Ivc?:itor Database

start/stop process topology
control
keep alive DDS API
FairhQ |
! Dynamic Configuration
shared |
memory | Deployment Manager

System (DDS)

November 14, 2024 28



Menu

TASK MONITOR
CONFIGURATION MANAGER

DICTIONARY SET v

Get in touch

[ Konstantin Gertsenberger

@ [INR VBLHEP-MI'IT 20212022

All rights reserve

Supported by

Select task

Task Name

bmn_event_display_imit
bmn_fast_event_reco_imit
bmn_online_histo_imit

bmn_root_digi_imit

November 14, 2024

Select Setup Run:

©Module Tasks

Select setup

Setup:Run

BMN:7

BMN:7

BMN:7

BMN:7

Module Name

OnlineControl

Task Name

BMN Run 7

Module Properties

bmn_event_display_imit

bmn_fast_event reco_imit

bmn_online_histo_imit

bmn_root_digi_imit

Configuration Manager

®

Task Monitor

Select module

Module

OnlineContral

OnlineContral

OnlineContral

OnlineControl

Status

Started

Started

Started

Started

Started

Log

gn Em EW EW

Control panel m |

Working Directory

Host
[a-z]*[0-9]*[ Jjinr[Jru
[a-2]*[0-9]*L Jjinr[Jru
[a-2J*[0-9]*LJjinr[.Jru

[a-zJ*{0-9*( Jjintl.jru

Select host

Start Time

2023-05-05 18:39:16

2023-05-05 18:39:16

2023-05-05 18:39:16

2023-05-05 18:39:16

ADD SETUF MODULE

Actions

ADD MODULE TASK

£
]
X X X X

End Time Host

vps104.jinr.ru
vm221-85.jinr.ru
vps104.jinr.ru

vps104.jinr.ru

A



Condition Database (UniConDa)

Offline Information System



ROOT-based
framework

{

detector simulation

raw data processing
event reconstruction

physics analysis

REST API service

C++ interface
(connect, I/0O, API)

python service for auto updating
of metadata on simulation files

Simulation Data

DCMSMM 1201 fies
Error Grogh
[rem—
raver ©

python service for automatic
regular checking of file integrity

November 14, 2024

PP
%
Condition Database
configuration d  parameter
calibration ? algorithm
a

viewing and

managing
parameter data
users
Kevcloak authentication
eycloa authorization

Experimeaal Dan Simulstion Dya

5 & | @
Web Service

'Aj nedec
docker
A HIGHCHARTS @

N A
JSRoot
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File Inspector

L

UniConDa. Web Application

BM@N Experiment Database

Documentation

The Condition Databaze 13 designed az a
comprehensive relational data storage for offline data
analysis in the fixed target experiment of the NICA
project. The use of the database provides comrect
multi-user access fo actuval information of the

experiment for data processing

Account

Konstantin
0 Gertsenberger
Administrator

Logout

Experimental Data

Distribution of events by run periods and time intervals of periods.

Period 7: 313 MEvenis _~
Period 6: 76 MEvents |
/
Period 5: 20 MEvents k

Period 3: 22 MEvents —Sme=——

Period 2: 10 MEvents '

Period 8: 742 MEvents

Simulation Data

Distribution of events by generators

DST

\'_DCMSMM: 133 MEvents

RQMD: 10 MEvents

UrQMD: 6 MEvents

DCMQGSM: 830 MEvents

Sign Out

cred b _

Beam - Energy - Target distributions

Period 8
b vome
S E Expenment Runs
S
: = Detectors & Parameters
©
t = Simulaton Files
: L
o
A
LL ]
c
S5 |nedec
g M HIGHCHARTS
0
ra docker
 —

Beam Xe (E=3 GeVin)
Total: 60.77 MEvents

Csl (2%): 53.88 MEV

(1%): 0.44 MEvents
3 target 499 MEvents -3

Empty: 145 MEvents

Beam Xe (E=38 GeVin)
Total: 639.69 MEvents

Csl (2%). 562.66 Ml

{198): 6,11 MiEvents \/
target- 20 76 MEvents

Empty: 28. 15 MEvents

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

BM@N

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

November 14, 2024
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Report Selector

exp, data NCX

exp, data NCX

exp, data NCX

sim, data NCX

exp, data NCX

2022-09-01 03:00 2022-09-0504:00 3635

2022-08-21 03:00 2022-08-2505:11 3635

2022-08-11 03:00 2022-08-14 22:05 3635

2022-08-0503:00 2022-08-0508:08 23964

2022-08-01 03:00 2022-08-0512:15 3635

39

72

104

35

Items per page: 5 - 1-50f51
Error Graph
Experimental M Simulated Nex I MICC
150
100
50

il C
. il 1N HEi

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

@ Different MD5 checksum
@ File read error

Blank MD5 checksum
@ File not found

Sep 22

File Inspector
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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

Jeos/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

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

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

/eos/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

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

/eos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode 3455.data

/feos/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

/eos/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

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

[Ermo 5] Input/output error

[Errno 5] Input/output error

[Errno 5] Input/output error

[Ermo 5] Input/output error

[Ermo 5] Input/output error

[Ermo 5] Input/output error

[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

contains information on integrity checks and found errors with details

e Crontab

©
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Geometry Database

Offline Information System



Server Host

User Workstation

ROOT-based
- software
- ; i
PostgreSQL ) replica ?
Master [€-- DBMS * g N SOlLite
DB ped | 3 LAN . s
o M
g {H]— DBMS User API
% Database Web-interface ﬁﬁqsf?tli?glf__ B
= e o FIR . User GUI
LEH ‘ ‘kh"‘-‘_-“:'“\._‘ LAMN
. N
% Lead Developer GUI % Developer GUI
Lead Developer Workstation Developer Workstation

November 14

Three user roles:
Lead Developer | Developer | User (Reader)

, 2024
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FILES
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ROOT file (i)

)

TRANSFORMATION

MATRIX (i)
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=
>
[]
z
m
i
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o
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0
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Web Platform

bmn-geometry.jinr.ru

= BM@N Geometry DataBase User: aleksand [_conricure uszr access | [_Losout ]
M@N Geometry -
B
DataBase
» Keycloak auth
Setup Modules
cLoak » or DB access
Menu Transfo
Module Name (Tag) Date File rmatio Parent Author ParFile Description Download
n
HOME
BD BD_run8_vl  2024-04-27  BD_run8_v1 {} CAVE aleksand BD_run8_v1
VIEW GEOMETRY ~ o
CAVE cave 2024-03-31 cave {:::} none | administrator Base cave
FullCSC_Rung_d FullCSC_Rung_d )
Csc alleq | 20240427 el {:::} CAVE | aleksand FullCSC_Run8_detailed.root
DCH  DCHRun8 20240502 DCHRung | {53}  CAVE | aleksand DCH_Run8.root
AT s FD FD_run8 20240427  FD_rund (£}  cave | aleksand FD_runs.root
FHCal_for_run8_ FHCal_for_run8_
‘ ) H FHCal_for_run8_CBM_20mods_NICA_34mods_54mods_hole_Zpos_
EDIT GEOMETRY v cm_rotationY_1. ' 2024-05-02 cm_rotationY_1. 5id CAVE aleksand
977.8cm_Xshift_65.30cm_Yshift-0.8cm_rotationY_1.6deg_v1.root
6deg v1 6deg v1
Hodo_for_run8_ Hodo_for_run8_ Ha Hodo_for_run8_with_box_Zpos_970.2cm_Xshift_64.90cm_Yshift_-1.
2024-05-02 i CAVE aleksand

Get in touch

vl

magnet_modifie

\

Ocm_rotationY_1.6deg_v1.root

magnet_modifie { ] }

MAGNET 2024-04-27 CAVE aleksand magnet_modified
K Konstantin Gertsenberger d
i 1000
‘ 0100 nDet_NEW_NUMBERING_VETO_25mm_5slices_PLA_2mm_Pb_8mm
nDet_VETO_slice nDet_VETO_slice as , . )

NDET 2024-05-02 2] 0011245 aleksand _9slices_Cu_30mm_Sc_25mm_G10_2mm_Air_no_hole_ZdistDET_1_
© JINR VBLHEP-MLIT 2019-2024 s_rotY_-27.30 s_rotY_-27.30
2L - eU15-2ld 595.617cm_rotY_-27.30deg_rotX_0.0deg.root
Al rights d

Pipe section3_Run8 2024-04-27 section3_Run8 {} CAVE aleksand VacuumpPipe_section3_Run8.root

Pipe section2_Run8 2024-04-27 section2_Run8 {} CAVE aleksand VacuumpPipe_section2_Run8.root

JHH W UHH Y B

N [ D . [HH N

BM@N Geometry Database has filled with the setup
geometries for the last Run 8

User Interface Functions:
View Add Edit Approve Download
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Event Metadata System

Offline Information System



F'roduction Monitoring and
\ (producer) Condition Database Statistics System ® EMD Producer
Single 7]
produce

Sign-on o event ® Event Selector
(LDAP, FreelPA information
or JINR S50) (unmetaddte Event Retrieval

rité ’
write event metadata event ® Event Cache

@ — update EMD metadata

(EMD)

selection

Metadata Application
Programming Interface

Event Catalogue

view
search
event
update EMD update EMD .
indexes
retrieving rernewntg
events

events

Workload

BUETE ERATET Management System

Experiment Software

(C++, ROOT) event

indexes

=

Gathering Service

Web Browser

gather

Distributed
File Storage

Distributed
File Storage

November 14, 2024

Metadata Application
Programming Interface

Event Catalogue
based on PostgreSQL

Integrated with
the Condition Database

REST API and Web Ul
developed
on Kotlin multiplatform

Configurable to support
arbitrary metadata

Service for automatic
writing new event
metadata to the Catalogue

Role-based
access control

Monitoring System

38



BM@N Events (7.
. N .
B Search Events Q Q
= Y] datal file1 150 191 7 5100 20 #
SRC Events :,.:. g Software Version @ Al R ue
o _ Q
e Search Events N o] datal Amp/filea 1 19.1 7 5001 25 querty true
Q. = Period Number
Test Events ) o
— datal /tmp/filea 2 191 7 5001 77 qwerty1 false
EH Search Events g & Run Number
'g g datal /mp/filea 3 19.1 7 5001 25 querty true
L o) Q Beam Particle
8 datal /tmp/filea 4 191 7 5001 25 qwerty true
/' Target Particle
g 2 datal /mp/filea 10 19.1 7 5001 25 querty true
. Q
o= Energy, GeV
[y L1 ay,
'.E (\}] datal /tmp/filea Al 191 7 5001 77 qwerty1 false
e €&
(o) E Total track number datal tmpriilea 12 101 7 5001 25 querty true
QO
[~}
Q Triggers (string) datal /tmp/filea 13 191 7 5001 77 qwerty1 false
<
..Qj &, Primary vertex = Qi‘l /mp/filea 14 -/ 19.1 7 5001 25 querty true
s S
o~ oYy —— .
RS event pointer = file GUID + event number 1oer ’
S 5
S O
fiset
O/v :
n e ] e | event metadata are written only if
-y
K Kotlin £ selection primary vertex has been found in the event
@ BM@N

# enables users to browse and quickly 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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improving the efficiency and reliability



{#IAKEYC

staff user cabinet

external users

staff
external users

login.jinr.ru
(JINR Single Sign-On))

bmn-user.jinr.ru

4 Document
Server

62 Users
O

9 Services
o

17 Groups’

Project
Management
Geometry Database System
—
S Sy [BMeN
e ' J Forum

ada

LJ Collaboration Members

Configuration
System
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Event Catalogue


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

+

» O
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28 BM@N Database Monitoring: In Detail ~

BM@N Information Systems

Database: Number of rows (per minute)

Database: Response time
025
0.20
0.15
0.10

a0s M

0
08:00 03:00 10:00 11:00 12:00

= simple select sec

Database: Number of connections

mon-service.jinr.ru

600 27
400 265
200 260
255
o L
0800 0900 1000 100 1200 1300 250
== rows retumed == rows feiched == rows inserted == rows updated 45
e 0800 0900 1000 1100 1200
Database: Transaction count (per minute) Database: Number of buffers
30 10 Mil
1Ml T
20 100K
10K
1.0 1K
100
ol o - 0800 0900 1000 00 1200
080D 090D 1000 1100 1200 1300 S S —————
- committed = tr rollbacked — buffers written by the background writer
Database: Cache hit (per minute) Server: Number of processes
100 100
75
A 3 <
50 - 1 ]
o . ) I Subject
ol | | | | | 08:00 09:00 10:00 n:
08:00 09:00 10:00 11:00 12:00 13.00

== disk blocks found in cache == disk blocks read from disk

Configuration database

Integrity Inspector

November 14, 2024

= total threads == total processes =

~ zombie processes

1 Grafana <

[ Unread ﬁStarred ,'g Contact  © Tags

Service Monitor on CentOS7: server1 - P

Server: CPU usage

6.00%
4.00%
2.00% " Mk A
Mw ey
‘
08:00 09:00 10:00 11:00 12:00 13:00

= usermode == system mode = waiting for /0

Server: Memory usage
100%

75%

50%

0%
08:00 09:00 10:00 11:00 1200 13:00

Server: Disk usage
100%

75%

25%
0%
08:00 09:00 10:00 11:00 12:00 13:00

Server: Network activity

@J Attachment

[OK] PGSQL response time alert
Service Monitor on CentOS7: server1 - PGSQL state changed to UP
[Alerting] PGSQL response time alert

L state changed to

h@yandex.ru> ¥4

[OK] PGSQL response time alert

To Mety
[OK] PGSQL response time alert

Grafana: Database monitoring warning!

Email and
legram Alerting

thi+

Server: Load average (past 5 minutes)

4.00%
1

3.00%
2.00%
1.00%

0%

o0a:00 09:00 10:00 11:00 12:00

Server: Memory usage
1068

8ce
568

aGe

0B
08:00 09:00 10:00 11:00 12:00

= available == used == active

Server: Memory Swap
150 MB

100 MB

13:00

13:00

50 MB
0B
0800 0900 10:00 11:00 12:00
— swaptotal = swap used

Server: Network errors

Correspondents
Grafana

sh@yandex.ru
Grafana

@yandex.ru

€ Reply

PGSQL response time

13:00

~ Forward & Archive

* hosts
e databases

e web-sites

© Date
2:41 PM

2:40 PM
201 PM
1:54 PM

® Junk
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K. Gertsenberger, I. Pelevanyuk, P. Klimai, and A. Chebotov, “Computing Software Architecture for the BM@N Experiment”,
Phys. Part. Nuclei 55, 338-342 (2024)
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2438, 012019 (2023)
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accounts4db.json
accounts4extauth.json

config.json

ﬁ

¥ Run installation script

(.

"dbName"
"dbPort"
"dbBackup" :

"remote_user@backup_server jinr.ry",

"authExt" :
"expName" :
"explLogo"
"expUrl"

"notifySend"
"contactEmail” : "person@jinr.ru”, ...

dbHost" :"db_host.jinr.ry",

:"elog_db",
: 5432,

false,
‘authHost" : "

"NICA",
: "https://nica.jinr.ry”,

: true,

:"login/images/nica.png",

O

&
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% Backup Servers

backup

daily

NAMES
elog_db

PORTS
0.0.0.0:5432->5432/tcp, :::

CREATED STATUS
2 hours ago  Up 2 hours

COMMAND
"docker-entrypoint.s.."

5432->5432/tcp

ostgres:12.4

Database Server

@rsync =

docker
[CaS)
cCro ntab
Tracking - =]
updates E Web Server docker

NAMES
elog_web
elog_php

CREATED STATUS PORTS
About an hour ago Up About an hour ©.08.0.0:80->80/tcp, ::
About an hour ago Up About an hour 9608/tcp

:80->88/tcp

/docker-entrypoint..."
"fentry-elog-php.sh .."

https://git.jinr.ru/nica db/codes
https://git.jinr.ru/nica_db/elog_platform
https://qit.jinr.ru/nica_db/uniconda_platform
https://qit.jinr.ru/nica_db/geo_platform
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E-cooling

e '-—""'—'ij' A BM@N (Defecfor)
Ex+rc1cfed beam

# Beams: from p,d’ to Bi < Fixed target experiment: BM@N (2018)
# Luminosity: 1027 (Bi), 103? (p) cm™2%s71 < 2 interaction points: MPD (2025) & SPD (2028)
# Collision energy: /Syn,, =4~ 11 GeV Ejqp =1-5AGeV # Official site: nica.jinr.ru, bmn.jinr.ru
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