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BM@N (Detector)
Extracted beam

. applied research area ;,, S .
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# Beams: from p',d" to Bi # Fixed target: BM@N (2018) E,, = 1-4.5 AGeV
< Luminosity: 1027 (Bi), 1031 (p") cm=2s71 # 2 interaction points: MPD (2025end) & SPD (2029)

< Collision energy: /Syny, =4 - 11 GeV /Syn, =12-27 GeV & Official site: bmn.jinr.int, nica.jinr.ru
July 8, 2025



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
decaying into y, e
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BM@N in Nuclotron Runs (2015 — 2025)

Nuclotron Run 51 (d,C) Feb. 22 — Mar. 15, 2015
Nuclotron Run 52 (d) June 29 — June 30, 2016
Nuclotron Run 53 (d, d") Technical Dec. 09 — Dec. 23, 2016
event count: ~300 MEvents
Nuclotron Run 54 (C) Mar. 07 — Mar. 18, 2017
Nuclotron Run 55 (Ar,Kr) . Mar. 03 — Apr. 05, 2018
Physics
Nuclotron Run 57 (Xe) event count: ~650 MEvents Dec. 12 — Feb. 02, 2023

NICA Run 1 (Xe) exp. event count: 1000 MEvents  August — October, 2025

# Beam: Xe (3.8, 3.0 — 2.0 AGeV),

previous runs: Kr (2.3, 2.6, 3.0 AGeV), Ar (3.2 AGeV),
C1? (3.5-4.5 AGeV), d (4, 4.6 AGeV)

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

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

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

July 8, 2025 4


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

Data Production in BM@N Run 8

15t Physics BM@N Run (2022/2023y)
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=3.8 GeV/n)
Total: 592.66 MEvents

= Csl (2%). S47.84
MEvents

no target: 13.25 "=-u/

MEvenis
Empty: 25.67
MEvents BM@N
Run 8
Beam Xe ( E=3 GeV/n)
Total: 59.86 MEvents
o~ Csl(2%): 53.57
MEvenis

no target: 4.49 -
MEvents 400 B (X4)

July 8, 2025

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 Xet/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 (+test, 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 1.2 GB
Avg DST file size 2.2GB

5
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TANGLY, TN g RAW PROC REC PhA
1
RAW PROC FAST REC 1
2 Il ROOT Format Event Physics
FLP Vv i i ; ;
Online Raw Fast Event : AI\I{Iari)rr:‘IZEt Reconstruction Analysis
Event Converter & Reconstruction ! e
First Level ven Decoder \
Processor Builder ET.“BPPE.QEP.Iit:Lb.u.tS(.i.(:omEL.l'c.lr.‘g.f!it.ems
raw | Dici DIGI t DST raw | DIC!
DST
Data Check Buffering TDS RAW PDS
Flow Control == Sorting Transient Data Storage Permanent Data Storage
Formatting Distribution CephfFS storage / DAQ Data Center LHEP & MLIT EOS storages
DIGI | DST DST RAW
l Raw Data CEn
aw Da
) LDC : ]
> Quality e-Log HIST Evm
q> Check
Electronic Online Event
RQ Logbook Histogramming Monitor
____/ \ ) 2
5
L
/ Configuration Online Platform g’
3
3
/ Workflow Management Service .,53
DAQ Online Offline
(Data Acquisition System) Processing Processing
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Electronic L.ogbook Platform

Online Information System

“I'm trying to liven up my entries. What's
another word for 'slept?™



e-Log Platform

username

create a current work with # records

new run day records || user cabinet || i i o dag -
advanclfd Y (event subs) per page file
searc

attachments

# page
BM@N Electronje’Logbook P g

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

Page:|1 v of 282 w

2018-04-05 11:47:06 Rumyantsev Inform Al 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 :OK: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‘”:tggitf ;;fﬁ?f;oi8;3;4%:\‘;25%22‘3:&3?
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 NewRun | 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)

July 8, 2025 8


http://bmn-geodb.jinr.ru/
http://bmn-geodb.jinr.ru/
http://bmn-geodb.jinr.ru/

BM@N Bot Assistant for Shift Operators

w Assistant for BM@N experiment shift
operators

BGE-M3 is a state-of-the-art text retrieval model: R —

- .
- - large context window (8192 tokens)
BGE - M3 il | and y | 1. ATTENTION: The bot is in the testing
- multilingual and cross-lingua stage! All information provided can be
- simultaneous dense and sparse retrieval used for informational purposes only!

exclusion zones in building 205

44 TE EI EN EN BN BN BN BN BN BN BN BN BN BN BN BN BN B .,

I BM@N Shift Assistant

Arch itecture - 21. TNpwv paboTe yCKOPUTENBEHOIO

1
| . 1
I Aiogram 1 KOMMNIEKCa U BEIBOAE YCKOPEHHOMo
Tdentit " L I ny4yKa U3 HyKnoTpoHa B Kopnyc N2 205:
entity RESP ey-valu
REST p id t l - TeppuTOopMs kaHana BI1-1 BHyTpwm
roviaer storage : B6MONOrMUYECKOn 3aLUMThI ABNAETCA
1 30HOM 3anpeTa (cM. Puc.l);
Keycloak [ 0B APT REST RESP Valkey 1 - SKCMEePUMEHTaNbHbIM 3271 Kopnyca
| i N2205 aBnaeTca KOHTPONMPYEMOW
X 1 | 30HOW;
Reverse HTTPS ! .
Proxy REST ' API [ grPC Vector DB I
REST ,— OTLP/HTTP
/ | Fas{API ,
drant
I DB API gRPC Q :
| —
; ! __ ! ——
et Object I Inference I Monitoring
Storage : Server : System
PostgreSQL .
Minfo # | : NVIDIA Triton
M IR qroeree MOdEl Repository ......... . -
\

Inference server

July 8, 2025 £



Online Monitoring System
Online Hlstogrammlng + Event Display

She says she’s from Qua l‘yC trol. We've failed the
f urniture pedll}n.

10



Raw Data Decoder in the Online Histogramming

Archive Runs \ DAQ TCP stre V

Old Runs Info
Raw data

Unified QA System

y

Histograms

M-

Histograms

THttpServer

Commands

Dst

A\ A

ROOT files

July 8, 2025 11



Online Histogramming System

jsSROOT (Javascript ROQOT) server provides control histograms via the Web
@ BM@N Silicons
- Run: 4147

Event: 20000

Energy: 3.20
Beam: Ar

Target: C

Field Voltage: 77.60

Run Type: beam

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

Silicon_Station_0_module_0_layer 0 Silicon_Station_0_module_0_layer_1
Silicon_Station_0_m... Silicon_Station_0_...
< T T A L Entries 1057064 N : : * [Entries 153047
6000§§ : Mean 515.8 3500:5— Mean 94.33
C% ; Std Dev 87.24 q Std Dev 122.6
50002 S S — — — — 3000 =
") : : q

4000“§L ................ P R —— | 2500

; | 2000
1500
: | 1000 : | ,
e f sof | ) FE R R

P I 1 S | ! ol PR T { MM.ﬂmu M |
500 600 100 200 300 400 500 600
Qtrin Niimher Qtrin Niimhar -

July 8, 2025 12

o TTTT

T DV S | < W
0 100 200 300 400



&
i 4

Data Quality Assurance (DQA) system for BM@

# Single DQA system for the BM@N experiment is being developed to
provide control histograms in the same way in 3 modes:

» for online decoded and reconstructed data (online data monitoring)
» for qualitative assessment of new BmnRoot versions (after MRs)
» for manual run to check user versions of the software

< The BM@N DQA architecture provides predefined checks and graphical
representation of control histograms on a central Web service, which
receives the displayed data distributions from the DQA manager
(sampler — histogram producer — histogram analyzer)

< The DQA system ensures the ability to easily add new control histograms
with predefined checks and alerts in a user-friendly format (suitable for

physicists and detector team, who are not developers) using JSON-
description

July 8, 2025 13



CLOAK 3
JINR S50

histogram colors
green (good), yellow (warning),
red (bad) or gray (undefined)

DQA Web Ul Users

DQA histograms
(desc, time, color, ref, alert)
JSON format

histograms definition, hierarchy, tests
= JSON with RDataFrame
| =
monitoring "f _ —~
stream 3 U

Event Sampler

merge
request

Igor Aleksandrov (July 8, 16:45)
Design of the Data Quality Monitoring system for the BM@N experiment

Histogram Analyzer  Histogram Producer

y raw data 01:3 ! | eventrawdata O~ DQA histograms U PostgreSQL
Vo g, DQA
f?(& ‘ %'o DQA Manager Database
Yy O CERN ROOT, C++
S
Configuration Online Platform (for online mode)
e e | ROOT DIG!
! DQA Manager | ROOT DST
|

|
I ﬁ a set of tests : manual start
| -

; |
[ dar ' MG Monitorin

: —N . itLab 9
. L System
' |
' |
' |
' |
' |

July 8, 2025 14



DAQ socket -
&8
raw data ) 44@
W 5%y
decoder n NS

(2 > based on the ROOT EVE package

online
tracking hits &

tracks

experimental data Online Event Display

BM@N hits and tracks

July 8, 2025 15



BM@N Silicons.

Run: 4147 Energy: 3.20
Event: 20000 Beam: Ar
Target: €
Run Type: beam Field Voltage: 77.60 Raw Event

Builder

e | [ T B 2 T

Silioon_Station_0_module_0_layer_0

6000
5000
40003

30007

2000
1000

Online Raw

ROOT Format
Digit Decoder

Online
Histogramming

Monitor

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

path, file size

p— e

raw file
metadata

run metadata

EE—— e mmmm) ©"'"° & offine
period, run (& - data processing

beam, energy, target, l—J Event & Run

magnetic field Condition 3
Database Statistics

e-Log platform

July 8, 2025 16



Integral statistics, events: 10°

Online Event Statistics during BM@N Runs

500

400

300

200

100

July 8, 2025

T2 12121312 14121612 161217112 181219112 201221112 241223122412 25122612 211122812 29N 230012 3112 011 DZ.910301 04101051 06010701 0801

Integral Statistics

run date

event count

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

=

Physics Events
Test Events
Calibration Events

20

o]

MAZ 12421392 1442151

Daily Statistics

167610407

1.20788+07

116630407
12540407
111530407
1.2606e+07

88010406

g
=
3
X

72840406
7 5580406
78390406

412808

6021712 18.1219.12 20.1221.12 22.1223.1224.12 25.1226.12 27.1228.12 29.12 30,12 31,12 01,01 DZ0103.01 04,0105,01 06,0107.01 08.0109,01 10,09 11,04 12.0113,01 1

run date

259860+07
275286407
1.9639¢+07
2.38450407
29550407
2.804Te+07

1.7774e+07
1.7820407
1.80330407

1.460Te+07

o o
4

OU15.01 16.0117,01 18.0919.00 20.0121.01 22.0123.01 24.0125.01 26.0127.01 26.0129.01 30.0131.091.02 02.02
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SDBHEKTUBHOCTE

1.0

0.8

o
o

Efficiency

o
IS

0.2

0.0

IOHEKTUBHOCTE TPEKOB B 3aBUCMMOCTH OT MMNY/bca

0.035
0.030
0.025

0.020 |

0.015

0.010
0.005

0.000

4 6 8
Wmnynse (p)

G000 0000000000000 0000000000

Z=15.05 mm
Z=16.26 mm
2-16.44 mm
Z=19.27 mm
2=19.37 mm
2-20.52 mm
z=23.62mm
z=23.84 mm
Z-23.91 mm
z=24.95mm
Z=25.13 mm
Z=28.1 mm
z=28.25mm
2-29.27 mm
z=29.42 mm
z=32.36 mm
2=32.38 mm
z=32.54mm
z=33.53mm
Z=33.55 mm
2-33.72 mm
z=33.73mm
2=36.84 mm
Z-36.87 mm
Z-36.91 mm
Z=36.98 mm
Z=38.01 mm
Z=38.15 mm
Z=38.18 mm
Z=41.23 mm 100 e
Z=41.24 mm o

Z=41.33 mm

Anatoly ALEXANDROQOV, Sergey A. NEMNYUGIN

Application of machine learning for particle tracking in BM@N

[bmn01 TOFs] prms01

v
L]
.‘x"""""==:='V'v'vv"v"

0.5 1.0 1.5 2.0 25 3.0 35
p. GeV/c

True label

11

12

g 0.48% 6.03% 0.26% 0.00%

0.49%

0.16%

0.00%

B VYL 19.04% 0.09% 0.00%

0.11% EEREFA 0.11% 0.00%

0.01% 2.39% 0.06%

0.00% 2.89%

3 2
Predicted label

11

Alexander AYRIYAN, Viadimir PAPOYAN

Implementation of Particle IDentification

based on Machine Learning

July 8, 2025

Y (mm)

0.8

0.6

0.4

0.2

0.0

Nikolay ERSHOV

Own implementation of Fast Event
Reconstruction based on ML/ NN

18



BT S

Configuration Online Platform

Online Data Processing
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RAW PROC FAST REC

Online Raw Fast Event
Converter & Reconstruction
Decoder

b

TDS
Transient Data Storage

CephFS storage / DAQ Center

4 3 » 3 N 1 4 = - . : S s
T . { = 1 L O i - / . ] b
K d ¥ e s> Ty . o Ty & \ . -
é g . . - /. .A [} - N .. | 'l ‘; - 4 “’,‘_ p b Lt
2 ) F - R ~7% ) 9 4 % - & T . by
-3 B peatiil 4, [ 7] ) & o = e - £
‘ Qe S . 3 S ’ . . , " i ’
K %, | n f \ g F il TR Q 7y 7
> =S . \ v y g f &
'S v D P , 7 | ’ R E e
{ . & AN o B ¢ L T
; J | <D’ " y 5 i) - Y T - -
HIST EvM B Ve /. ﬁi e : e P
. " f " . = o . < b 4 -‘ ML
A | Y g wE - ‘ ¥l . ’
Online Event L A R . ¢ - 4 )
Histogramming Monitor s (- A L - p / ; ' "
% cd A 1 ! ! - o -, ™
: R : ,m"' y v

Online TR A A ’ A= e
Processing start ——> mo[ijtor <—>confo| — stop

restart «<—— update
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Online - 1 1'\' S Configuration
Histogramming 3 : Designer & Monitor
b - Monitor
System
HTTP
[ Process Tree ] web server
/ Raw Data | Online
Processor Histogramming

mappings from
Condition DB

rw dsts | FastEvent
from DAQ Reconstruction
(socket) - process
manageme nt
= (REST Apl) PosigreSOL Configuration
Ewvent
FairMQ Devices = monitor Database

start/stop process topology
control
keep alive DDS API
FairMQ b
- Dynamic Configuration
shared |
memory | Deployment Manager

July 8, 2025 21



= BM@N Configuration System K

User: admin_user

Control panel m m

BM@N Configuration
System
Run Manager
Menu
Select Setup Run: BM@N Test2 Run 8 @
TASK MONITOR Host
Task Name Module

CONFIGURATION MANAGER
Reconstruction_Processor
SESSION LOGS
Host

DICTIONARY SET N Task Name

Decoder

Get in touch Decoder_Proxy

[ Konstantin Gertsenberger

Crastad

All rights reserve:

Select task Select setup

Task Name Setup:Run
bmn_event_display_imit BMN:7
bmn_fast_event_reco_imit BMN:7
bmn_online_histo_imit BMN:7
bmn_root_digi_imit BMN:7

July 8, 2025

OnlineDataProcessing

Module Status
OnlineDataProcessing Started
OnlineDataProcessing Started

Configuration Manager Logs

Nata

Task Monitor
Select module Started
Module Status Log
OnlineContral Started G
OnlineContral Started G
OnlineContral Started G
OnlineControl Started G

Status Log Start Time End Time
Starting & 2025-05-11 15:10:37
bmn-config-w1
Log Start Time End Time
& 2025-05-11 15:10:37
m 2025-05-11 15:10:37
Ctatnie :
Select host
Start Time End Time Host

2023-05-05 18:39:16

2023-05-05 18:39:16

2023-05-05 18:39:16

2023-05-05 18:39:16

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

vps104.jinr.ru

22



Distributed Data Processing
during BM@N Runs
T -

“Let’s shrink Big Data into Small Data ...
and hope it magically becomes Great Data.”

23



BM@N Computing Platforms

BM@N Online Cluster GRID Tier1&2 Centres SC «Govorun»
(DAQ Data Center) NICA CIus’F_er (CICC complex) (HybriLIT platform)
ddc.jinr.ru nex[101-106] jinr.ru Ixui jinr.ru hydra.jinr.ru
(LHEP, b.205) {HiER B2, (MLIT, b.134) (MLIT, b.134)

OS: AlmaLinux 9.5 OS: CentOS / Scientific Linux 7.9 (EOL on June 30, 2024)
Central Software Repository based on CVMFS for the experiment
. EOS: 1.3 PB (replica) EOS: 1.9 PB (replica) ZFS: 200 TB
CEPH (hot): 100 TBosc NFS: 300 TB (for NICA) : tapes Lustre: 300 TBssa (for NICA)
SLURM: <700 SLURM: 1800 cores SLURM: 2500 cores SLURM: bmn — 192 cores
"~ GOl (for all NICA users) (for all NICA users)

BM@N software is deployed on JINR CVMFS for Centos 7 and AlmaLinux 9
Automatic software deployment of the BmnRoot package on CVMFS with GitLab CI

July 8, 2025 24



# Dockers for testing BmnRoot before MR in GitLab CD/CI

simplify Cl-infrastructure using BmnRoot Pipelines

quickly add any OS environments to C/ pipelines (CentOS 7 / AlmaLinux 9 /
Ubuntu 22.04)

User Docker Containers with BmnRoot software

docker
base image = OS + FairSoft + FairRoot
users do not need to install software — just run the BmnRoot container
hosting computer can potentially run any operating system
great for short-period students and fast analysis
BmnRoot & its containers are automatically built and published with GitLab CI/
Apptainers for using BmnRoot Containers ﬁ

2 containers (on AlmaLinux 9 & Ubuntu 22.04) with full local installation
2 containers with CernVM-FS client to the central JINR CVMFS repository

new “container” execution mode in NICA-Scheduler to launch distributed jobs
inside an Apptainer container (with CVMFS client)

July 8, 2025 25



Single Sign-On
(KeyCloak/JINR $S0)

Electronic Logbook

Condition Database

(UniConDa)

ks

BM@N Online Cluster (DA(}L‘SC)

Online Configuration
Platform

Monitoring System

Event Monitor

=
-—

Tango

slow control system

Online Histogramming

l run info

digits

Fast Event Reconstruction

Data Acquisition
Event Builder
Online Processing

Raw Dara Decoder

Event
Metadata
System

v DIRACfc

—

Data Management
System

FTS

CEPH

Geometry
Database

EOS 1.2 PB
raw digi dst
sim dst

SLURM: 1000 cores
per user

MICC Complex

L]

clcc
complex

raw

(primary)
data

Event Data

Parameter Data

Control Data

Workloads (jobs)

TaskFlow Control

DAQ Storage
Online Offline
Online Offline
Online Offline
Online Offline
Online Offline
Software Offline

Data Transfer
Service

w
>

WorkFlow
Management Service

Airflow

NN

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

SLURM: 2500 slots
for NICA

digitizer

reconstruction

simulation
analysis

Software Distribution
(CVMFS)

L]

HybrillT
platform

DIRAC

100 TB

ZFS
80 TB

Hot Transient
Storage

" Lustre ssb

SC «Govorun»

SLURM: 192 slots

_’@

Workload
Management System

July 8, 2025
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BM@N Workload Manager
DIRAC Interware

27



DIRAC Workload Manager for BM@N

| lcar ]

. Submit thousands of jobs to DIRAC Job Queue

| lcar ]

|

| lcar ]

| lcar ]

User
Job

Collaboration members

Production Manager: Igor Pelevanyuk O D I R AC

THE INTERWARE

Pilot job

Pilot job Pilot job |] Pilot job

User
Job

Pilot job

User
Job

Pilot job Pilot job

User User
Job Job

User

BM@N NICA Cluster CICC CICC Clouds External
Online Cluster Tier-1 Tier-2 Collaborators

July 8, 2025 28
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DIRAC jobs on BM@N Computing Resources

Cumulative wall time by Site
134 Weeks from Week 48 of 2022 to Week 25 of 2025

300 +
BM@N

ODIRAC

250 - THE INTERWARE

200 -
NICA Cluster

100

50

Jan 2023 May 2023 Sep 2023 Jan 2024 May 2024 Sep 2024 Jan 2025 May 2025
Max: 286, Average: 136, Current: 286
0 DIRAC.)IMR-TIER.ru 1450 W DIRAC)INR-LHEF.ru 296 W DIRAC.GOVORUN.ru 149
B DIRAC.)IMR-CREAM.ru 51.1 M DIRACJINR-LHEP-DDC.ru 15.3

Generated o 2025-07-01 11:57:22 UTC

July 8, 2025 A
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Automation Scheme with DIRAC

To automate job processing the following tasks should be completed:
1. Upload new raw file to DIRAC file catalog.
2. Detect new raw file in DIRAC file catalog and submit RawToDigi job

for each new raw file.
3. Detect new digi file in DIRAC file catalog and submit DigiToDst job

for each new digi file.
4. Upload digi and dst files to NCX cluster.

" DIRAC FileCatalog ) s% m&s NEX
01001 g S MLITEDS
01001 MLIT CTA ?
B A
=l TE
/ E E
01001 01001
[ Neyv raw file RawToDig [ Neyv digi file I Brtgfrelnsd
discovery discovery
July 8, 2025 Igor Pelevanyuk (July 8, 17:00) .

Automation of BM@N Run9 data processing on a DIRAC distributed infrastructure



BM@N Data Management

DIRAC File Catalog

ARE You
SURE THIS 15
How WE GET
DATA INTo
THE ClLoub?

31



Data Storages for BM@N

@ ceph

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

$¢

v.
§’ for BM@N offline (1.3 PB)
build on HDD

sync | data

for BM@N offline (1.9 PB)
build on HDD

July 8, 2025

IS
Q
)
%)
s MNES &
- = N
\d. fast on NVMe SSD ,\("
S S nope
& S
N 4{[&1}%&
X
< fast on NVMe SSD

Storage technologies

rate
Storage

.

Cold data

“
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EOS CTA Integration in MLIT

% CTA tape is a new archive solution
developed at CERN to replace Castor

% Extends MLIT EOS with tape backend
functionality

< Tape “bringonline” exposed via EOS,
and XRootD protocols, Gfal2 support

% Can be handled transparently by FTS

% Advantages: long lifespan, cost of use,
energy efficiency, security

» Tape robotic systems — a long-term
storage for BM@N, stores raw and gen
data, online raw data backup to tapes

% Stores Run8 raw data already

July 8, 2025 33



DIRAC File Catalog (DFC) is maintaining a single

global logical name space
LFC Service
A user sees it as a single catalogue with \ ! E

additional features

DFC Service I FileCatalog StorageBase —
DataManager is a single client interface for / N
o o Transformation
logical data operations Senice @
DFC also hosts Metadata
2 _
BmnRoot w Experiment
BM@N DFC Metadata: framework \/ =\ Systems
» period and run number
» start and end datetime
> beam and target particles MLIT Storage
> run type Metadata Server Element
» energy
» magnetic field user credentials
—>
» start and end event number user token :
> event count ~LOAK — I SPeC:ZElﬂiEzdata
> file size I )
DIRAC Python AP 0 DI RAC
KeyCloak API
July 8, 2025 Igor Zironkin (July 8, 15:45) 34

Design of the BM@N experiment data management system



Workflow Management Service

L

Apache Airflow

“I've simplified our work process!
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: Containerization system D Rt s e oo e o b e . @
i managing and t_ﬁdcing _grzph saving 5 DAG
— runs and their execution Metadatabase - 5 S
: results e dOCer : o PPy 0 Ruring @ Faied o I o ¢
: T | roye——— e SR
Lo ‘runs and thei resuls [Em——t— . o .

' recording and ! )

E synchronization 0

; f tasks H

: User interface ° Worker nodes '

Scheduler E Airflow DAGs can be used for

: writing H . 4

; 0 ; repeating data processing of

: Exector sk : simulation and experimental events

g checking ]

E Webserver results reading from queue, ) p

: publishing result H

! reading — E .

: . graphs raacing : Airflow DAGs has been developed

5 ST graphs grapns 5 or online data processing,

- Airflow 5 .

: S : transferring to the EOS storages,

i . c saving information '

: "“;;g;.’:fé :’;::’;9' Task flow graphs during task execution Task flow database ' archiving to the Tape Storage
Developer ! :

’—————————————————————————\
'/ e ODIRAC
i ﬁ parallel copy raw dafca event . writing
XRootD processing J===p [ reconstruction results to the

files to NCX
EOS

using DIRAC using DIRAC storages

checksum
calculation

monitoring of
new data file

checksum

verification
| (10s) (Adler32) (Adler32) g . ODlRAC
| parallel copy archiving raw email and
| files to MICC data to the Tg@gr;m
\ Tape Storage notifications
\___________——————_——————___/ \ %EggArchive o
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i

Online Processing Pipeline for BM@N Run 9

DAQ Data Center

copying of the raw data to the
storage systems of the NICA and
MICC clusters

Launch, management,
monitoring

“online” processing of collected

o data on the provided distributed
computing resources

L raw
: i Motifications about

""""""""""""""""""" operation status backup to the NICA Tape Storage

Ll
! : : :
i H i i
i H i i
Ll i i i
i ' : 1
i H i i
: i y l :
] i
! ; i RAW |
i
: i y :
Ll i i i
i ' : 1
: ! y '
' EOS storage i ! EQS storage ]
:  rawgen,digidst ! * raw,gen, digi.dst Tape storage i
________________________ e e ee e cecceeccce;ccee e e e e e, e, e, e e e ——, . — . ————————-
NICA cluster JINR MICC
~A\rﬂow DAGs  Cluster Activity  Datasets  Security -  Browse-  Admin-  Docs 19:25 UTC AA
DAGs graph for 9th session manual execution
m Active @) | Paused @) Running @) | Failed @ Filter DAGS by tag Search DAGs @ rutorefresh &
DAG I Owner 2 Runs Schedule LastRun 2 Next Run [ Recent Tasks Actions  Links
tunsmm @) () ows 20250512 19:23:48 O 2025-05-12, 19:24:03 ©] Bﬁ
On hne and Ofﬂlne TaSkFlOWS generate_input_files S aotdo 2025-05-12, 19:23:48 » 0

for mass data processing
¢ » » Showing 1-2 of 2 DAGs

July 8, 2025 37



Monitored

e

[{([

Agent

& telegraf

-

Data (metrics)

Module architecture
Configurable via JSON file

-Sending>

Monitoring modules

Events collecting

influxdb

-Sending>
<ip_addr1>jinr.ru :
5 Eemven - i
@ Home
[ Bookmarks
Y1 Starred
88 Dashboards
Playlists
Snapshots
Library panels
Shared dashboards
@ Explore

Alerting

@ Connections
Add new connection
Data sources

Administration

Deploying with Ansible

playbooks

Email and Telegram

notifications

MIPT

-
MOSCOW INSTITUTE
OF PHYSICS AND TECHNGLOGY
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“Firing

Value: B =6 762590645161202
Labels:

- alestname » knadS sert canfig]
- grafana_folder = BMGN

- rule_id = chigqdSaz

joagSealertss
.qrafana folders3DBENK macher-rule

q
JAHThaT0 08410 1

2419675

Visualization

 G)

Grafana
<ip_addr2> jinr.ru

. Client side

Home > Dashboards > BM@N : Electronic LogBook Platform (e-Log)

~ Quick overview

Uptime

1.1 years

~ Host statistics

bmn-elog.he.jinr.ru: Memory usage © @

100%

LA medium

3 .6
Iiny 2
% B
\awnd LV

BO%
80%
40%
20%

0%
13:00 14:00 15:00 16:00 17:00 18:00

= used memory

bmn-elog.he jinr.ru: Network activity @

24 KiB/s
20 KiBls
16 KiB/s
12 KiB/s
8KiBls
4KiB/s —

14:00 16:00 18:00

= Dytes received = bytes sent

~ DB statistics (elog_db)

Zombies

0

bmn-elog.he jinr.ru: CPU usage @

Processes

_37_

Threads

126

14:00

16:00

= user mode ==

bmn-elog.he jinr.ru: Memory Swap ©

100 mB
80 mB
60 mB
40 mB
20 mB

omB
14:00

— swaptotal — swap used

16:00

18:00

waiting for /0 = system made

18:00

Ping servers, HTTP request and SQL
latency to check current status

Monitor server parameters, such as
Disk, CPU, Memory, etc. (Telegraf)

Response time stored in InfluxDB

Use JINR Grafana service for
visualization and failure alerting

Q Search or jJump to...

CPU usage RAM usage

» 518%

0 e

bmn-elog.he.jinr.ru: Load average (...

,...u“‘ﬁ\\“ M" ww""’q‘\ . ;\l-w"“

7
6
5
4
I
2

13:00 14:00 15:00 16:00

== |0adS == loadl == |0ad15

17:00  18:00

bmn-unidb.jinr.ru: GET response time @

0150 ms
0.100 ms
0.050 ms

0-000 i, =ittt cer

14:00 16:00 18:00

— response lime

Bk 4~

5 9 @
o |

@ LastBhours v @ ) Refresh ~

& 4 Edit

Iowait

2%

A o Wy
|/t WA AL ‘g\."\« WA M N

bmn-elog.he.jinr.ru: Disk usage © @

100%
B80% —
60%
40%
20%

0%
13:00 14:00 15:00 16:00 17:00 18:00

== used disk

bmn-elog.he.jinr.ru: Ping &

0.45ms
0.4 ms

=

015 ms
14:00 16:00
= 10.18.25.24 (data source) = localhost

18:00
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@1 SO System

{®IKEYC

JINR Single Sign-On

.. 4 admin
bmn-user.jinr.ru JINR and associated staff user cabinet groups

(BM@N Single Sign-On) v external collaborators
et writer

1 redirect

Collaboration Members

\@ access ticket
bmn-user.jinr.ru

i JINR SSO
%
] Wiki
| Document JINR users .
Electronic Logbook Server
J .
j ‘9 Services
L
Condition Database 19 Groups ‘
/_\j Project
j Management
System

- v DBMeN DIRAC

Configuration
Online Platform
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https://bmn-ipa.jinr.ru/
https://bmn-ipa.jinr.ru/
https://bmn-ipa.jinr.ru/
https://bmn-ipa.jinr.ru/
https://bmn-ipa.jinr.ru/
https://bmn-ipa.jinr.ru/

%
N

JINR MLIT
Contribution
to BM@N

BM@N is open for
cooperation and
new people!

Igor ALEXANDROV, Evgeniy ~ALEXANDROV, Irina
FILOZOVA, et alia

Geometry Database, Configuration Online Platform, DQA
System

Nikita BALASHOV
CVMFS Deployment, GitLab Services, Docker Containers

Igor PELEVANYUK
DIRAC workload management system and BM@N mass
production

Andrey DOLBILOV
NICA Computing Management

Dmitriy PODGAYNY, Oksana STRELTSOVA, Maksim ZUEV
HybriLIT and SC Govorun support

Zarif SHARIPOV, Zafar TUKHLIEV
Automation of BM@N Alignment

Alexander AYRIYAN, Viadimir PAPOYAN
Implementation of Particle IDentification based on ML

6 ‘ém Director: S. V. SHMATOV. Scientific Leader: V. V. KORENKOV

T

thanks to the DDC,
CICC, NCX &

HybriLIT teams for

computing support
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Thank you for your attention

—
——

contact email: gertsen@jinr.ru

July 8, 2025



X PROXMOX . _ ,
Official BM@N Web Site Meeting Calendar

bmn.jinr.ru bmn-meet.jinr.ru

docker

Picture Gallery
bmn-gallery.jinr.ru
for officially approved figures

Collaboration Activity

bmn-science.jinr.ru
docs.jinr.ru/group/bmn-2

(@)

&

Wiki Doc Server
bmn-wiki.jinr.ru

Project Management
bmn-pm.jinr.ru

Slow Control Viewer
bmn-tango.jinr.ru

NICA-Scheduler
bmn-scheduler.jinr.ru

Forum System
bmn-forum.jinr.ru

Electronic Logbook
bmn-elog.jinr.ru

Online Configuration System
bmn-online.jinr.ru

Condition Database '

bmn-uniconda.jinr.ru

Geometry Database Event Metadata System
bmn-geometry.jinr.ru bmn-event.jinr.ru

Igor Dunaev (July 8, 15:30)

July 8, 2025 Event Metadata System for the BM@N experiment
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