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for online data 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?™



- o o o oy

(

create a current - work with m 3 username
new run d d user cabinet . g . records
advanced ay records dictionaries file
(event subs) | - _Per page
search attachments
# page
BM EIectr:Q/ book P g Logged in as shift
fastsearch | o
Home New Find Lastday Account Reference Boo ast searc B T php Number of items per page: |£|
age: | Y o DR

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 Rumyantsev | NewRun  5184per7  Beam Trigger + Si=3 Al 1250 50 125 Kr 294 Cu (2 mm) C”ggg;g;_??jsg‘ ,f C;Pi‘ 1\‘:?2@;;::: :OK:AZ:
0180405081235  Rumyantsev | NewRun  5183per7  Beam Trigger + $i>3 Al 1250 50 125 Kr 294 Cu (2 mm) C”f;ggg;_?f;ﬁ AB %zpi‘ 1\‘:’228;5:21 ;/OK:AZ:
2018.04-05 07:46:35 Babkin NewRun = 5§182per7 = Beam Trigger +Si>3 Al 1250 50 125 Ke 204 Cu (2 mm) C‘”:tzg:? ;;fﬁ?fgoiB;éf‘:\‘;ggii;%::iz
2018-04-0507:41:29 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 All 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)
*no connection with DAQ run control information

May 15, 2025 bmn-elogq.jinr.ru (bmn.jinr.ru: Detector — Run Logbook) 6



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

w Assistant for BM@N experiment shift
operators
“Version: 011

! ATTENTION: The bot is in the testing
stage! All information provided can be
used for informational purposes only!
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llya Romanov (May 15, 10:30)

May 15, 2025 Development of a virtual assistant for shift operators of the BM@N experiment
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Online Monitoring System
Online Hlstogrammlng + Event Display
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ROOT files

lInour Gabdrakhmanov (May 15, 09:30)
Status of the raw data decoder and online QA
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Online Run Statistics

500

Manual run statistics from the
Electronic Logbook is time-
consuming, error-prone and

inaccurate

0 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

.6’ B

° “-"'m"-‘ﬂ"""m'ﬁ‘""-‘""""9-'1N""'-'m'm-'m'“H-‘"WH-"“"“‘-“'ﬂ'm""”“""I-V'“"'“‘-"'mr':-‘;‘l“’:::‘( % _- PhySiCS Events
; [ Test Events
% N [ Calibration Events 8 §
- Daily Statistics "
Run statistics from the y ]
Condition Database is : § ;
automatic and accurate but Py 11
depends on the Raw Data = e ; HE
Decoder Yl | 1]k
% ;

A226.12 27122812 29.1230.1 31.12 01,01 0Z.0903.01 04.0105.01 06.0107.01 08.0109.01 10,011

run date

May 15, 2025 11



Data Quality Assurance (DQA) system for BM@

< Single DQA system for the BM@N experiment should be developed to
provide control histograms in the same way in 3 modes:

» for online histogramming and reconstruction (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 must ensure predefined checks and
graphical representation of control histograms on a central Web service,
which receives the displayed data distributions from the BM@N
histogram producer (DQA central manager)

< The DQA system must provide 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), for
instance, using JSON-description

May 15, 2025 12
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Igor Aleksandrov (May 15, 09:55)

Design of the Data Quality Monitoring system for the BM@N experiment 19

May 15, 2025
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Configuration Online Platform
Online Data Processing

14



BM@N COnfiguration Online Platform (COOP)

Online A =

' Event Configuration
Histogramming - AN Monitor Designer & Monitor
System .
| J HTTP
[ Process Tree ] web server
Raw Data | Online
Processor Histogramming

mappings from
Condition DB

raw dats | FastEvent

L)
from DAQ Reconstruction

(socket) - process
manageme nt
= (REST API) PosigroSOL Configuration
| Event
FairMQ Devices Monitor Database

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

System (DDS)

May 15, 2025 Evgeny Aleksandrov (May 15, 12:40)

Integration Geometry and Configuration Information Systems into BM@N data processing =



Configuration Designer & Monitor

= BM@N Configuration System K User: admin_user

Configuration
BM@N
@ System

Run Manager

Menu
—_— Select Setup Run: BM@N Test2 Run 8 @ Control panel m m

TASK MONITOR Host
CONFIGURATION MANAGER Task Name Module Status Log Start Time End Time
Reconstruction_Processor OnlineDataProcessing Starting D 2025-05-11 15:10:37
SESSION LOGS
Host bmn-config-w1
UL Y v Task Name Module Status Log Start Time End Time
Decoder OnlineDataProcessing Started & 2025-05-11 15:10:37
Get in touch Decoder_Proxy OnlineDataProcessing Started m 2025-05-11 15:10:37

Configuration Manager Logs

»

[ Konstantin Gertsenberger

.................................................... (] Nata

Task Monitor

Ctatiie

All rights reserve:

Select task Select setup Select module Started Select host
Task Name Setup:Run Module Status Log Start Time End Time Host
bmn_event_display_imit BMN:7 OnlineContral Started G 2023-05-05 18:39:16 vps104.jinr.ru
bmn_fast_event_reco_imit BMN:7 OnlineContral Started G 2023-05-05 18:39:16 vm221-85.jinr.ru
bmn_online_histo_imit BMN:7 OnlineControl Started G 2023-05-05 18:39:16 vps104.jinr.ru
bmn_root_digi_imit BMN:7 OnlineControl Started G 2023-05-05 18:39:16 vps104.jinr.ru

Evgeny Aleksandrov (May 15, 12:40) 16
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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 conversion : Reconstruction : Visualization
1 . .
Raw file . .
- -
n n
2 Macro o3 Macro "o Macro Standard Mode
L] L
BmnDataToRoot.C C run_reco_bmn.C C eventdisplay.C
- L]
t L] ’ t [ r
ROOT Digits - DSTFile .
Standard Flow File . .
- -_— - - -— - - - -— - [ | - - - - - - - - L - - -— - - -— -_— -— -
Online Flow u -
" FairMQ " ZeroMQ
bmn-online-digitizer : bmn-online-processor : eventdisplay.C
2 FairMQ Device = 3 FairMQ Device = 4 Macro Online Mode
ZeroMQ O
- ZeroMQ " .
monStreamDecoder.C monitor.C
L] -
n n
1 Macro - = 5 Macro

*not all BM@N Reco Tasks moved to FairMQ interface

May 15, 2025
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https://app.diagrams.net/?page-id=j-IouaekZ7G2Y4tsK4mi&scale=auto#G1__t1_AycIedA5dogCnefox5gFUGaA6CS

wens  BM@N EViS

Period number: \a o Run number: |snno File address: /eosfbmn/8-357 example Fetch Select event: \t 1250 t|

£.BM@N.cave_1.DCH_0.DCHDetV_0.
DCHCoverLayerV_0.0ctagonCoverPlanes

¥ Properti

VisionForge
Platform

Visualization Client

bmnGlobalTracks

Powered by VisionForge BM@HN

* visualization of detector geometries with a detail level of choice. VisAPI
* working with the scene

Visualization Server

Q-
* saving scene configuration (JSON) to a file ] I I I
* ability to show/hide geometric elements, set color, transparency - — - =
« visualization of particle collision events - = =} =

. . . ondition . d
* event objects and geometry are presented as a hierarchical tree basbase  ROOT Files e et

Cache Cache
Igor Dunaev (May 15, 14:00)

May 15, 2025 Development of new Event Display and auxiliary software for BM@N experiment

18
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Anatoly ALEXANDROQOV, Sergey A. NEMNYUGIN

Application of machine learning for particle tracking in BM@N

[bmn01 TOFs] prms01

2 0.48% 6.03% 0.26% 0.00%
0.8
3 WYL 19.04% 0.09% 0.00%
E 0.6
E 410.49% 0.11% 0.11% 0.00%
2 04
i 111 0.16% 0.01% 2.39% Ly 0.06%
5 . fo'e 02
-l.- g ® [ ] L L] .
Ty HEEE PR A A EEEEPORL. 2 12{0.00% 0.00% 2.89%
SR L L L LT L 124 P ’ 0.0
0.5 1.0 1.5 2.0 25 3.0 2} 5] 2 3 a4 11
p. GeV/c Predicted label
Alexander AYRIYAN, Viadimir PAPOYAN
Implementation of Particle IDentification
based on Machine Learning
Anatoly Alexandrov (May 15, 14:25
May 15, 2025 y Ly )

Tracking machine learning challenge
(currently developers from ATLAS, LHCb, FCC-hh)

HEP advanced tracking algorithms

at the exascale

(Caltech, FNAL, Princeton, SLAC...)

Nikolay ERSHOV

Own implementation of Fast Event
Reconstruction based on ML/ NN

1)

Application of machine learning for particle tracking in BM@N
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BM@N Orchestration with Workflow Manager

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

Metadata DB
PostgreSQL

coxpaHeHue
pe3ynbTaToB

YTEHNE AaHHbIX
ECLER]

0 3anyckax 1 ux
pesynsTaTtax

3anuck u
CMHXPOHU3aUNA
3anay

Scheduler

ynpasneHue u oTCnexuesaHue

I
I
I
1
I
I
I
I
|
I
I
1
I
I
: 3anyckos DAGS U peayneTaTos
I
|
]
I
I
I
1
I
|
1
1
1
1
I

WX BbINONMHEHWA

Airflow DAGs has been developed
for online data processing,
transferring to the EOS storages,
archiving to the Tape Storage

User Interface Web Server

Ha3Ha4yeHue
HOBbIX 3ana4

TeHue,
w3MeHeHue,
cospaHve DAGs

yTeHne
DAGs

4YTeHune
DAGs

e e e e T e J
- T TN
'/ ) ODIRAC
i ﬁ parallel copy raw da.ta event . writing
XRootD files to NCX processing J===p [ reconstruction results to the

using DIRAC using DIRAC storages

checksum
calculation

monitoring of
new data file

EOS checksum

verification

| parallel copy archiving raw email and
| files to MICC data to the Telegram
\ EOS Tape Storage notifications
> e / %EggArchive o
May 15, 2025 Nikita llin (May 15, 11:30) »

Airflow automation of online data processing for BM@N Run 9



Apache

Airflow

R

Launch, management,
monitoring

O

Motifications about
operation status

raw

Next steps

Final debugging of the
current workflow for BM@N
Run 9

Implementation of
distributed processing of
obtaining raw data via the
DIRAC platform

Integration of user
authentication and
authorization via BM@N SSO
system based on KeyCloak

EQS storage EOS storage
raw,sim,dst raw,sim,dst Tape storage
________________________ L
NICA cluster JINR MICC
~A\rﬂow DAGs Cluster Activity Datasets Security Brows Admi Dox 19:25 UTC AA
raph for 9th session .

DAGs g manual execution

m Active @ | Paused @) Running @) | Failed @ Filter DAGs by tag Search DAG @ rutorefresh C
DAG 2 Owner 2  Run: Schedule LastRun 2 Next Run 2 Recent Tasks Actions  Links

tunsmm @ 0:00:15 2025-05-12, 19:23:48 2025-05-12, 19:24:03 @ Bﬁ
generate_input_files twnsmm 0:01:40 2025-05-12, 19:23:48 » O

Online and Offline
Processing Pipelines

May 15, 2025 Nikita llin (May 15, 11:30)

Airflow deployed on the DAQ C4 cluster

Showing 1-2 of 2 DAGs

22

Airflow automation of online data processing for BM@N Run 9
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Condition Database (UniConDa)

Offline Information System
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detector simulation viewing and

raw data processing managing -
event reconstruction parameter data gx
physics analysis users
ROOT-based
authentication
framework Keycloak | 5 thorization
i REST API service |
1 \\\“) : - I w‘;
C++ interface — j a” c’_
(connect, 1/O, API) SQL | j

o

PosigreSQL

Condition Database

bmn-uniconda.jinr.ru

SimData Crawler
Slmulanon Data' DST Web SerVICG

configuration parameter d
S algorithm g n ‘ c @

UrOM';u’:;Evems "DCMSMM e cal i bratio n
docker
M HIGHCHARTS

N ey
JSRoot

D~ O

DCMQGSM: 830 MEvents

Hanli= 1N .IIlIIl
® Difiecert MDS checksum lari MDS checksum
® Fils raad emor @ Fie not found

File Inspector

May 15, 2025 24



UniConDa Web Application

Sign Out g

BM@N Experiment Database Experimental Data Simulation Data n . d c @

DST

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

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

Account

Konstantin
0 Gertsenberger Logout
Administrator

A HIGHCHARTS

Period 7: 313 MEvents. RQMD: 10 MEvents DCMSMM: 159 MEvents ‘*
UrQMD: 6 MEvents
Period 6: 76 MEvents | = docker
Period 5: 20 MEvents \

Period 3: 22 MEvents —Smm———

Period 2: 10 MEvents
Period 8: 747 MEvents DCMQGSM: 830 MEvents

Period number

Beam - Energy - Target distributions

Daily Ev
Beam Xe (E=3 GeV/n) Beam Xe (E=3.8 GeV/n)

ﬁ Home

B Experiment Runs

Parameter Values

' Csl (1%)- 0.44 MEve
Detectors & Parameters
sl (2%): 55.25 MEvents >sl (2%): 566.8 MEvents

Total: 62.19 MEvents Total: 652.48 MEvents

Empty: 7.49 MEvents o target: 5 MEvents Empty: 31.49 MiEvents no target: 24.16 MEvents

, Csl (1%): 6.02 MEve

Simulation GEN

Simulation DST

bmn-uniconda.jinr.ru

File Inspector

I, Daily Event Statistics

A @

BM@N

# period #9 with run #1 and run #100000 were created, parameter values should be extended

# run statistics (daily and extended) has been implemented using the data stored in the
Condition Database for a selected Run/Period

May 15, 2025 bmn-uniconda.jinr.ru (bmn.jinr.ru: Software — Databases — Condition Database) 25



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

Run 8 Statistics in the Condition DB

Integral Statistics

300
200

100

e e

run date
e-Log event

ics (Run 8): statistics by event type / integral statistics of physics events

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

- g
c = >
§ . Physics Events E
= | [ Test Events
% N [ calibration Events ; g
- % i
: - | ] 1 ] % %
- Daily Statistics : j
C H i
20 _— .i é o
- g ] §
C . ; ;
= sl li ¢ § H
- 1R i aF
- - = g ] H
. % % § )5
3
2

run date

May 15, 2025

T
e

Alexander Chebotov (May 15, 14:40)
Status of the BM@N software infrastructure and future plans

300000

Event Count

Integral statistics, events

700M

E00M

500M

400M

300M

200M

100K

o]

Integral statistics of physics events

Integral Statistics

SRR
S L

Daily Statistics

v oA A aoa > S S S D
& \.)\ {v? &\ e qy\ m&a b@ @P \@ q, S \@ \?P &Q m, IDQ q@ &Q %@ &

@ Physics Events

Statistics by event type

Y —
| —

7 p—

c)

| —
P ———
J—
P ——
o —

@ physics @ Calibration @ Tests

26
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Geometry Database
Offline Information System
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Detector Geometry Definition

e Geometry File

Description of basic detector volumes (sensitive + passive): macro for macro for

dimensions, position, orientation, materials ROOT geometry XML parameters
creation creation

* Parameter File (optional)
Description of the detailed structure of the detector

required for realistic simulation, digitization, hit reconstruction: ROOT file XML file
* the internal structure of the detector (stations, modules, layers,
dead zones ...), as well as their orientation, position and layout.. geomeltry + + parameters

* reading elements, e.g. strips (strip angle, strip width, e,
reading order, etc.)

* other parameters required for simulation and reconstruction
(width of gaps, direction of electron drift, etc.)

full description :
of detector model ;

geometry description

Geometry
Smearing

RooT] GEO |GDML of coordinates

p:;t;:tt::s Digitization Hit reconstruction

PAR XML

parameters description

Evgeny Aleksandrov (May 15, 12:40)

Integration Geometry and Configuration Information Systems into BM@N data processing 28
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Server Host @ User Workstation = SOT b
=-pase
S - E software
ostgre =} replica < %
Master -% DBI\%S F e E R WS Lite 3 - Lead Developer
DB 7 5 v.| [ : = Developer
T é User API - User (Reader)
| || | -.“‘ |
% Database Web-interface = F-(zs-t?f?g'f___ B
. o O B User GUI
S LAN LAN
. * Hma ": .
N " >  SETUP
% Lead Developer GUI % Developer GUI
Lead Developer Workstation Developer Workstation JEue
= =
FILES MVD
ROOT file (i)
MAGNET
TRANSFORMATION sTs
[ FIELD [MATERIALS] MATRIX (/) (Jeameme

RICH
(—‘ iHUCH

«—(V]mro

—(Jror

— [

Geometry Module — > Setup Module
File in the ROOT format Geometry module + link to the parent geometry
containing a detector geometry module + its placement in the parent module

> Setup

Evgeny Aleksandrov (May 15, 12:40)

MERARH AL Integration Geometry and Configuration Information Systems into BM@N data processing

Combination of setup modules, which
represents the full setup geometry

29



Geometry Web Platform

E BM@N GQGIT]EII’Y DataBase bmn‘qeometwllnr ru User: aleksand I CONFIGURE USER ACCESS ] I LOGOUT ]
Geometry Setups T LOAK
Download
Tag Revision Date Description Author Status Last Modified Set Actions
etup

run8_dev_25.12.05 1 2025-05-12 16:20 run8 for branch dev from 12/05/2025  aleksand Approved 2025-05-12 16:21 [ 3 ] [ & ][ o ]
run8_25.04.0 1 2025-05-12 12:25 run8 for branch 25.04.0 aleksand Approved 2025-05-12 16:23 [ < ] [ & ][ © ]
run8_24.12.0 1 2025-05-07 18:07 run8 for branch 24.12.0 aleksand Approved 2025-05-1212:49 [ < ] [ & ][ T ]

EDIT GEOMETRY ~ Hodo for r
o e Hodo_for_run8 with_box_Zpos_970.2cm_Xshift_64.90cm_Yshift_-1.
HODO 1 BmnHodo | un8 rev 24 {:::} 2025-05-07 17:26  aleksand } >

EDIT SETUP - Ocm_rotationY_1.6deg v1.root

. magnet_m re -
T Y TS e MAGNET 1 FairMagnet odified {} 2025-05-07 17:05  aleksand magnet_modified.root r.
1000
EDIT MODULES 0100 .
nDet_PROT 0011245 nDet_ PROTOTYPE_ONEDET_12x12cm_9mods_4x4cm_with_rows_c
EDIT MATERIALS O_ONEDET e olumns_NEW_NUMBERING_VETO_25mm_5slices_PLA_2mm_Pb_8
NDET 1 BmnNdet { } 2025-05-07 17:30  aleksand ] . ) X
A _run8_rev_ mm_9slices_Cu_30mm_Sc_25mm_G10_2mm_Air_no_hole_ZdistDE
24 12 T_1.595.617cm_Ysh_0.518cm_rotY_-27.30deg_rotX_0.0deg.root

BM@N Geometry Database has filled with the setup User Interface Functions:

geometries for Run 8 (24.12.0, 25.04.0, dev_25.05.11) View Add Edit Approve Download

Mav 15. 2025 Evgeny Aleksandrov (May 15, 12:40) -
y i Integration Geometry and Configuration Information Systems into BM@N data processing


http://bmn-geodb.jinr.ru/
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Event Metadata System

Offline Information System
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Metadata Application Event Catalog ue
Programming Interface

DST

Lot t Monitoring and based on PostgreSQL
A (producer) Condition Database Statistics System ® EMD Producer _
Single produce ot Selector Integrated with
Sign-on new event the Condition Database
(LDAP, FreelPA information
or JINR SSO) (e run metedo ® Event Retrieval
v W REST API and Web Ul
write event metadata event ® Event Cache’ developed
@ — update EMD metadata

selection (EMD) on Kotlin multiplatform

Metadata Application
Programming Interface

E\;ent Catalogue Configurable to support

view bit tadat
updarseegﬁih) update EMD event aroitrary metadata
indexes
retrieving rergi;:’tg Service for automatic
events m ang
WO | Lrocess el writing new event
U Workload metadata to the Catalogue
Experiment Software plspstcher Management System
\Web Browser (C++, ROOT) event Role-based
indexes
o access control
, // N _ gather
(\ \V_,) Monitoring System

Distributed Gathering Service

Distributed
File Storage File Storage

*dedicated server on the DAQ Farm

May 15, 2025 Igor Dunaev (May 15, 14:00) -

Development of new Event Display and auxiliary software for BM@N experiment



BM@N Event Metadata System

BM@N Events - E
BM@N Events
£ search Events g 8 @
= O e nex Jeos/nica/bmn/exp/dst/run8/ O 24.04.0 8 6667 0
"'6. E 24.04.0 P : 04,
N
Q E ) nex Jeos/nica/bmn/exp/dst/rung/: 1 24.04.0 8 6667 0
o S Period Number
w QU
c (W) nex /eos/nica/bmn/exp/dst/run8/% 2 Event Metadata System
Q “ Run Number The Ev , : -
§ _g nex /eos/nica/bmn/exp/dst/run8/: 3
B Particl
Q /' eam rartice e Total Events — 699233764 E Period Number — 8 @ Software Version — 24.04.0
I~ 7y nex /eos/nica/bmn/exp/dst/run8/% 4
s Target Particle
o Q
,": E nex /eos/nica/bmn/exp/dst/run8/: 5 Beam Xe ( E=3.8 GeVin ) Beam Xe (E =3.0GeVin)
u E Energy, GeV Total: 637408951 events Total: 61824813 events
g S nex /eos/nica/bmn/exp/dst/run8/% 6 em
pty: no target:
Q S 21956772 5004358 .
events \ events
Q. Totaltrack number nex /eos/nica/bmn/exp/dst/run8/% 7 \‘ Emp:y_ ‘
h o] 1444286
v 8 nex /eos/nica/bmn/exp/dst/run8/: 8 Csl(2%): e Csl (2%):
Q Limit [dflt=100] 586227739 54937012
m : events events
&~
“a/g’oﬁ nex /eos/nica/bmn/exp/dst/run8/: 9
set
S
g Ol i | rese | event pointer = file GUID + event number Rowsperpage: 10+  1-100f100 >
2 selection d . Iy i
. g event metadata are written only if
K Kotlin = ; ;
n = primary vertex has been found in the event
o 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

Igor Dunaev (May 15, 14:00) 33

May 15, 2025 Development of new Event Display and auxiliary software for BM@N experiment



X PROXMOX

Official BM@N Web Site Meeting Calendar
bmn.jinr.r bmn-meet.jinr.ru

docker

Picture Gallery
bmn-gallery.jinr.ru
for officially approved figures (llya Romanov)

Collaboration Activity

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

u
(@)

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

Condition Database '

bmn-uniconda.jinr.ru

Online Configuration System
bmn-online.jinr.ru

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

May 15, 2025 34


https://bmn-unidb.jinr.ru/
https://bmn-elog.jinr.ru/
https://bmn-forum.jinr.ru/
https://bmn-wiki.jinr.ru/
https://bmn-geo.jinr.ru/
http://bmn-geodb.jinr.ru/
http://bmn-scheduler.jinr.ru/
https://bmn-event.jinr.ru/
https://bmn.jinr.ru/
https://bmn-online.jinr.ru/
https://bmn-forum.jinr.ru/
https://bmn-forum.jinr.ru/
https://bmn.jinr.ru/

bmn-uniconda-api.he jinr.ru

Condition REST AP!
bmn-uniconda-api.jinr.ru

bmn-og-
collector.he.jinr.ru

Log Collector Server
Metabase

bmn-user-ipa.he. jinr.ru

FreelPA service
bmn-login.jinr.ru

LHEP

building 201

bmn-elogdb.he jinr.ru

Logbook Database
elog_db
Inspection Database
integrity_db
Cluster Inspection
cluster_db

InfluxDB Monitoring
monitor_db

bmn-geodb.he jinr.ru

Geometry Database
geo_db

—
{ bmn-eventdb.jinr?u

Event Catalogue
event_db

— o —

bmn-config.he. jinr.ru

Configuration Database
config_db
Configuration Manager

Configuration Worker 1
bmn-config-wl.Re.jinr.ru

Configuration Worker 2
bmn-config-w2.he.jinr.ru

bmn-unidb.jinr.ru

Condition Database

Log Agent
on all nodes
except databases

uni_db

Forum system Official Web site
bmn-forum.jinr.ru bmn.jinr.ru

Wiki Document server

bmn-user.he.jinr.ru
bmn-wiki.jinr.ru

bmn-web.he jinr.ru

Keycloak service

bmn-user.jinr.ru
- = =

Condition Web service |
bmn-uniconda.jinr.ru
Logbook Web service |
bmn-elog.jinr.ru |
Configuration Web service
bmn-online.jinr.ru l
Event Metadata Web
bmn-event.jinr.ru
Event REST API
Geometry Web service
bmn-geometry.jinr.ru
Tango Parameter Viewer
bmn-tango.jinr.ru
NICA-Scheduler Configurator
bmn-scheduler.jinr.ru

Workflow Manager
flow_db

bmn-gateway.jinr.ru
Gateway Server

\
( bmn-flow he jinr.ru |

- o -

A PROXMDX

© omarcr

i Buk Acfions © Heb
Q Search Search
Sl ey Type Description emoryus | CPUusage  Uptime
© Subscription O be 4023 (bn-uniconda-api) 3 02%ofd 23 days 031
0 b 438 (bmn-config) 285% 15% 0.2%af 3 181 days 20
O b 475 (bmn-elogdb) 417% 44% 01%of16... 181 days20:
© be 476 (bmn-unidb) 192% 39% 0.1% of 16 181 days 20
O ke 478 (bmn-geodb) 82% 20% 0.0% of 4 181 days 20
o qemu 4010 {bmn-iweb) 00% T48% 15%of 5 .. 12days 21:2
b cemu 4011 (bmn-gateway) 00% 4% 0.8%0f3 92 days 001
(=% gemu 4017 (bmn-website) 00% 66.8% 05%of3 75 days 00:4
o qemu 4018 (bmn-user) 00% Ti% 04%afd 76 days 013
=8 qemu 431 (bmn-web) 00 % 828% 05%of8 85 days 235.
— 443 (bmn-davel1) -
0 emu 458 (bmn-config-w1) 00% 170% 11%of 3 181 days 20
L) qemu 459 (bran-configw2) 0.0% 19% 05% i3 181 days 20
[ gemu 473 (bmndog-collector) 0.0% 208% 20%of6 ... B3days213
0 qemu 490 (bmn-user-ipa) 00% 284% 0.3% of 6 161 days 20
docs.jinr.ru
complex
building 134
9
Docs Service
docs.jinr.ru
cicc vm223-242 jinr.ru

DAQ (4 Cluster

S/

AN

Grafana Service
mon-service.jinr.ru

All the systems and services have been moved to the DAQ C4 Cluster (thank to llya Slepnev
and DAQ team), which uses Proxmox virtualization and resource management platform

May 15, 2025
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Monitored

Agent

%) telegmf

-Sending>

e .

Data (metrics)

Module architecture

Monitoring modules

Events collecting

influxdb

-Sending=>
<ip_addr1>jinr.ru :
5 Eemen - ]
@ Home
(1 Bookmarks b
Y1 Starred ~
88 Dashboards ~
Playlists
Snapshots
Library panels
Shared dashboards
@ Explore ~
£ Alerting v
@ Connections ~

Add new connection

Data sources

Client side

Visualization
L G) 0
Grufc:‘no h o o

<ip_addr2> jinr.ru

O@

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

~ Quick overview

Uptime LA medium

Zombies Processes

1.1 years

~ Host statistics

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

100%

Threads

Configurable via JSON file
Deploying with Ansible
playbooks

Administration

Email and Telegram
notifications

f\li..

May 15, 2025

Development of new Event Display and auxiliary software for BM@N experiment

300%
Lol 250%
0% 200
20% 150% ‘F \M“ﬁlw A M‘r;‘} “I'f \"(
100% M WL A Wy
20% e
0% 0%
1300 14:00 1500 16:00 17:00 18:00 14:00 16:00 18:00

= used memary

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

= usermode == waiting for /0 = system mode

bmn-elog.he jinr.ru: Memory Swap ©

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

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

Response time stored in InfluxDB

Use JINR Grafana service for
visualization and failure alerting

Q Search or jump to... Bk | + v

e » @
[ stare | -]

) Refresh

& 8 Edit

Export v

@ Last6hours v @

CPU usage RAM usage I0Wait

0 37 126 () (o) .. 9
5.18% - 414% Hv\rf\"\r \’\f\“ m\v‘u\ VTN

bmn-elog.he jinru: Load average (.. © @ bmn-elog.he finru: Disk usage © @
100%

7

8 B0%

5 A AL ] 80%

PR Bohor LU Mh  a0%

| 4 1o
3 gV S L A
2

0%
13:00 14:00 15:00 16:00 17:00 18:00
== used disk

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

- joadS loadl == |0ad15

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

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

24 Kigs Jogme

20KiBls 80 m8

16 KiBls 60 m8

12 KiBls s
8KiB/s

4KiBfs ) — . ksl

ome

14:00 16:00 18:00 14:00 16:00 18:00

= Dytes received = bytes sent — swaptolal — swap used

~ DB statistics (elog_db)

Igor Dunaev (May 15, 14:00)

0.45ms
0150 ms 0.4ms
| 035ms
0.100 ms 03 ms h
| ,| l
0. 25 5 Ly l
0.050 ms me " * ‘“H I{
DD s S e e 015 ms
14:00 16:00 18:00 14:00 16:00 18:00
— response lime — 10.8.25.24 (data source) — localhost
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Distributed Processing and
Computing Complex

JINR prizes 2024: Second Prize
For methodology, research and technology papers

“Development of the software complex for the implementation of a unified architecture for
distributed data processing and storage at the BM@N/NICA experiment”

Authors: E. Alexandrov, I. Alexandrov, N. Balashov, A. Chebotov, I. Filozova, K. Gertsenberger,
P. Klimai, A. Moshkin, |. Pelevanyuk, G. Shestakova
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bmn.jinr.ru/hybrilit-govorun/

/bmn-dag-computing-center/ bmn.jinr.ru/nica-cluster/ bmn.jinr.ru/micc-complex/ :
_ _ HybriLIT platform
BM@N Online Cluster NICA Cluster GRID Tier1&2 Centres («Govorun» SC)
ddc.jinr.ru ncx[101-106] jinr.ru Ixui.jinr.ru (CICC) hvdra.iinr.ru
(LHEP, b.205) (LHEP, b.216) (MLIT, b.134) (')\/A LITJb 154)

intel) RSC

[

OS: AlmaLinux 9.5 OS: CentOS / Scientific Linux 7.9 (EOL on June 30, 2024)
Central Software Repository based on CVMFS for the experiment

CEPH: 2.8 PB (replica) EOS: 1.3 PB (replica) EOS: 1.9 PB (replica) ZFS: 200 TB
. ; EOS CTA: 500 TBtapes : .
CEPH (hot): 100 TBssd NFS: 300 TB (for NICA) tapes  Lustre: 300 TBssd (for NICA)
SLURM: ~600 SLURM: 1800 cores SLURM: 2500 cores SLURM: bmn — 192 cores
$ TOTE COres (for all NICA users) (for all NICA users)

BM@N software is deployed on JINR CVMFS for Centos 7 and AlmaLinux 9

AlmaLinux 9 does not require cluster configuration script (but different versions of GCC)

llia Slepnev (May 15, 10:45)

May 15, 2025 BM@N DAQ Data Centre

38



BmnRoot & Docker Containers

# Bmnroot Pipelines run in Docker containers * g
(dynamically provisioned in the JINR Cloud) docker ‘A

— Gitlab-shared-runners — used to run tests before merging a new code:
AlmaLinux9.4/Ubuntu22.04/CentOS7.9 images = OS + FairSoft + FairRoot

— Gitlab-shared-runners-no-cvmfs — used to run deploy jobs for publishing

— quickly add any OS environments to Cl pipelines

# User Apptainer Containers with BmnRoot software
— base image = OS + FairSoft + FairRoot
2 containers (on AlmaLinux 9 & Ubuntu 22.04) with full local installation
2 containers with CernVM-FS client to the central JINR CVMFS repository
— users do not need to install software — just run the BmnRoot container
the user instructions: https://bmn.jinr.ru/software-installation (29 tab)
— hosting computer can potentially run any operating system
— great for short-period students and fast analysis
— BmnRoot (& its dockers) is automatically built and published with GitLab CI

May 15, 2025 39



BmnRoot Contaiﬁers for Distributed Computing

f@} Cluster OS

g

A

Apptainer

slurm

workload manager

r.

CernVM-FS
repository

CernVM-FS

CVMFS
Client

HTTPS
v

-

BmnRoot
(+Nica-Scheduler)

May 15, 2025

.

Experimental
data

Rinat Nizamov

(

\ 4

FairROOT

FairSoft

May 15, 12:05)

Base Container for
BmnRoot

N%

Libs and other
BmnRoot
dependencies

Using containerization for BM@N distributed data processing
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Data Storages for BM@N

@ ceph

for BM@N online (2.8 PB)
build on HDD with SSD buffer, 1.4 PB free

S i

v
§’ for BM@N offline (1.3 PB)
build on HDD, 330 TB free

sync | duplicate

@
SIS
NI
Y
< for BM@N offline (1.9 PB)

build on HDD , 700 TB free

May 15, 2025

7
N

Access / \
rate "“‘t\
Storage Hard disk

M s
— :
Cold data

TR
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Archival Tape Storage for BM@N

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

May 15, 2025
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DIRAC Workload Manager for BM@N

| lcar ]

- Submit thousand of jobs to DIRAC Job Queue

| lcar ]

|

| lcar ]

| lcar ]

Collaboration members LJJSEV
O
Production Manager: Igor Pelevanyuk O D I R AC
Pilot job [| Pilot job Pilot job Pilot job Pilot job Pilot job Pilot job
User User User
Job
CICC CICC Clouds Govorun External
Online Cluster Tier-1 Tier-2 Collaborators
May 15, 2025 Igor Pelevanyuk (May 15, 11:45) 43

Preparation of DIRAC distributed computing infrastructure for BM@N Run 9



L2«

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% “&s NEX
01001 g S MUIT EOS
01001 MLIT CTA *
e A
=l TE
/ E E
01001 01001
New raw file RawToDigi NEWEEIIE DigiToDst
discovery discovery
May 15, 2025 Igor Pelevanyuk (May 15, 11:45) o

Preparation of DIRAC distributed computing infrastructure for BM@N Run 9



Data Management System for BM@N

- DIRAC File Catalog (DFC) is maintaining a single

global logical name space

LFC Service
- A user sees it as a single catalogue with \ E
addltlonal features DFC Service I FileCatalog StorageBase —-@
- DataManager is a single client interface for / N
o o Transformation
logical data operations o @
- DFC also may host Metadata
2 _
BmnRoot w Experiment
framework \/ é- Systems
BM@N DFC Metadata (Run 8):
» period and run number
> start and end datetime MLIT Storage
> beam and target particles Metadata Server Element

» run type

» energy . user credentials
» magnetic field D I —
user token

>
start and end event number ~LOAK

specific metadata
requests

» event count Y;'__
> file size -
DIRAC Python API 0 Di RAC
KeyCloak API
May 15, 2025 Igor Zironkin (May 15, 12:20) 45

Data Management System based on the DIRAC File Catalog for BM@N



BT

BmnRoot Framework
as a central BM@N software system
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BmnRoot. Production Tag 25.04.0

FAIRRoot ~“ FairSoft jan24p5 is used now (with ROOT 6.30.08)
F-\j‘lﬁﬁgﬁ V18_8_?0 # FairRoot v19.0.0 is available but requires new compilation approach in BmnRoot

"\ # BmnRoot tag 25.04.0 has been
issued and DST production has
been done using DIRAC

ROOT Files|
- Geometry geometries
— m E= [ﬁ] digits, hits, “ # The new BmnRoot tag has a bug
tracks, et
ROOT 6.30.08 racks, e
ROOT/ASCII

/

[ceanis | Geants | FLUKA |

FAIRSoft

jan24p5

(25.04.2025) restricting us from

TIASS reading previous DST data
GDML configuration
& geometry o .
S Run Malr:g . parameters # Detector geometries have been
Manager g _ added for BM@N Run 9

/

i

Miz\;it FAIRRoot et < Raw Data Decoder has been
Pipe V1881 updated for Run 9

parameters
geometry

logbook

EMD

# Single source for simulated and
experimental data has been
implemented (BmnFileSource)

\ < The C++ interface of the

<
Detector || Magnetic Event Event Fair
Base Field Generator || Manager TTasks
S/

(T

v

Digitizer
: 5 Alignment LN Geometry Database has been
Field Map Event HitProducer &Geometry \ "4
Const Field Display ClusterFinder &Logbook included to the Comp|lat|0n

Database
Interfaces

Tracking
PID

< A new test for the raw decoder
has been added to the pipeline

\_ - BmnRoot _/ ’ ) # Clang-format checker has been
updated to version 19.1.3

Dmitriy Baranov (May 15, 10:15)

Geometry of hybrid tracker in the BM@N experiment for RUN 9 4
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Curreht BmnRoot Issues

v Raw Data Decoder should be checked to write correct run and raw file metadata including
correct datetime

v The current BM@N geometry is not passing standard ROOT tests because of several overlaps

v" BmnRoot macros must contain common logic and parameters without local input parameters,
user paths, hardcoded global parameters:
* No default input parameters for a concrete user (but for production)
* No inner logic for own local machine
* No own local paths and local parameters
Simple check of all the macros was integrated to the BM@N pipeline (night checks)

v’ Strict separation of short summary output (by default) from debug output for individuals
(macro output should be adapted for mass production), new debug messages
FairLogqgger::Severity (debug level) or fVerbose flag (SetVerbose function) must be used

v Pure BmnRoot (from GitLab) takes up 1050 MB of disk space, where “bmnroot/input/” ~
700 MB (mostly, magnetic field files) and “bmnroot/parameter/” ~ 100 MB.

v SRC information will be removed from the BM@N databases — not done yet

v" The task of generating Doxygen documentation for BmnRoot is still open
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DAQ Storage Geant4, Fluka  Event Generators
raw data in a binary format (DCM-)SMM, QGSM, UrQMD...

raw_run.data decoder simulation generator.dat
=~ 600 KB/event BmnDataToRoot.C & d igitizer = 10 KB/event
) converter + decoder = ‘(’)

run_sim_bmn.C

SIM
ROOT
format

reconstruction
run_reco_bmn.C

DIGIT
ROOT
format

DST
ROOT
format

physics
analysis

run_ana_bmn.C

miniDST
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

hists GEN: particle collisions description received by
plots event generators

results DSTsim: reconstructed data of simulated events

May 15, 2025 49



mi Tagir AUSHEV, Peter KLIMAI, Alexander NOZIK, PhD student, 3 x students (6y)
...~ Event Metadata System, Event Display, Monitoring Service, Services for BM@N Databases...

N ust
9
Sergei NEMNYUGIN, Anatoly ALEXANDROV, Rinat NIZAMOYV, Anastasiya IUSUPOVA
RUCIO File Catalogue, Docker Containers for BmnRoot, BM@N Event Visualization
BM@N 4 Director: S. V. SHMATOV. Scientific Leader: V. V. KORENKOV N
Software —. | Igor ALEXANDROV, Evgeniy ALEXANDROV, Irina FILOZOVA, et alia
- u . Geometry Database, Configuration Online Platform, DQA System
Contribution \_/ . . :
Zarif SHARIPOV, Zafar TUKHLIEV. Automation of BM@N Alignment
Alexander AYRIYAN, Viadimir PAPOYAN

\Implementation of BM@N Particle IDentification based on ML

Spokesperson: Mikhail KAPISHIN

Konstantin GERTSENBERGER
Alexander CHEBOTOV, llya ROMANOYV,
BM@N Software “Group” (4 FTE) \ Igor POLEV
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BM@N
Computing &
Technical
Contribution

May 15, 2025

4 NICA Computing Leader: Andrey DOLBILOV
llia SLEPNEV (LHEP Deputy Director for Computing)
BM@N DAQ & DDC support

Ivan SLEPOV
\NICA Cluster support

L\

‘ Igor ZIRONKIN \@P
' | BM@N data management system based on DIRAC File Catalogue ¢

N
‘ / Director: S. V. SHMATOV. Scientific Leader: V. V. KORENKOV

production

Dmitriy PODGAYNY, Oksana STRELTSOVA
HybriLIT and SC Govorun support

Daria PRIAKHINA, Vladimir TROFIMOV
Q/lodelling System for BM@N computing infrastructure

Nikita BALASHOV: CVMFS Deployment, GitLab Services, Docker Containers
Igor PELEVANYUK: DIRAC workload management system and BM@N mass




# Software Fund

— no financial fund
— no support of the external

software participants Software
< Staff strategy

— no full-fledged software group

# Computing Resources

— not enough guaranteed resources for
BM@N (only 192 cores on Govorun,

online cluster) SOftwa re
2025—2027: 6 000 cores required
— not stable work of the NICA cluster bUdget

— unrealizable procedure of obtaining
VPN (SSO) account for some external
collaborators
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Thank you for your attention
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Automating Run Statistics

root bmnroot/database/examples/uni_db/postrun_update.C
root bmnroot/database/examples/uni_db/postrun_check.C
root bmnroot/database/tango/examples/show_avg._field.C

root bmnroot/database/uni_db/examples/run/show_run_stats.C
root bmnroot/database/uni_db/examples/raw/show_raw_stats.C
root bmnroot/database/uni_db/examples/root/show_root_stats.C

Run duration for Period 8 Event count per second for Period 8
90 Eies 1858 F Erie e
80 i Mean 19.85 30 57 Meai 457.8
: 19 min + 11 Std Dev 15.89 E 477 eV/S i 252 Std Dev 289.4
b (2<min<45) 2sft (150<ev/s<1500)

sof|- i
20:,

ol

10

50

40

30

20

il

10

PRETY RN AR I N R B [ NI N S T '
100 120 140 160 180 500 1000 1500 2000 2500 3000
Run Duration, min Event stream, event/sec

L
N
o
N
D_
@
o
o
o

python bmnroot/services/inspection/raw_inspection/filter_raw_data.py python
bmnroot/services/inspection/raw_inspection/catalog_raw_data.py
python bmnroot/services/inspection/raw_inspection/transfer_raw_data.py
python bmnroot/services/statistics/stats .py
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