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BT S

BmnRoot Framework

as a central software system




BmnRoot. Architecture

FAIRSoft FAIRRoot BmnRoot Release with latest simulation, reconstruction, analysis and software

apr22 v18.6.8 improvements is required to perform full official mass production with Run 8 data
a "\ # Use FairSoft external packages
FAIRSOft Geants [ Geants J( FLUKA | ROOT 6, XRootD, Pythia, HepMC, VGM,
apr22 MillePede, Geant4, GSL, Boost, DDS...
: u the last release — nov22)
Geometry [ ] ROOT Files (
Manager [VMC ] =.E hits, digits, )
T geometry # Use FairRoot as a set of base
ROOT/ASCII classes and modules of needed
GDML - N\ St by the BM@N experiment
' Run 1’0
AT e Manager Manager parameters # Clean BM@N software systems
Cave FARRoot from the SRC data
00
M;?p’:“  Modules | v18.6.8 PostgreSQL # BmnRoot supports AlmaLinux 9
4 _ : configuration now (follows the use of CentOS 7)
Detector || Magnetic Event Event Fair &
Base || Field || Generator || Manager || TTasks et # Particle propagation by Geant4
\ (VMC interface)
i \ # Three versions of the tracking:
igitizer
| v v A.ij',,me,,t CellAuto for Run 7, CBM L1 for
Const Field BOX Event HitProducer Unified Run 8 in online, VectorFinder for
Field Map UrQMD Display | | ClusterFinder Database . )
QGSM Tracking Interface Run 8 in offline
PID . A . .
# New installation script for FairSoft
S and FairRoot is preferable
. / bmn.jinr.ru/software-installation

Anton Trutse (scheduled for 12t Collaboration Meeting)

Software corrections of the BmnRoot framework E
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https://bmn.jinr.ru/software-installation

b

DAQ Storage  SvrrortforaliRunse Geant 4, Fiuka  Event Generators
raw data in a binary format RAW (DCM-)SMM, QGSM, UrQMD....

raw ROOT

raw_run.data 000(_ format . . generator.dat
~ 600 KBJevent processor simulation ~ 10 KB/event
2 BmnDataToRoot.C run_sim_bmn.C ‘(’)
converter + decoder ™ (@)

SIM
ROOT
format

DIGIT
ROOT
format

reconstruction
run_reco_ bmn.C QGll— — — — — " — — — — —

DST
ROOT
format

Geometry
Database

Unified physics
Condition analysis
Database

macro/physics/
o

miniDST
(nanoDST)
for PhA

independent from
programming
language!

Publication

Catalogue

Dmitry Baranov (November 30, 12:00)

November 30, 2023 Realistic simulation of central tracker detectors in the BM@N experiment



. . Detector Geometry MC closses Digitizer RECO Comments
Simulation Beampipe v — — —
Completeness | Torget v — — —
SiMD v v v —
BD v v v —
FD v v X —
FSD v v v v
GEM v v v v
SIBT v v v v
CSsC v v v v
LCSC v v v v
DCH v v v v
TOF-400 v v — v
TOF-700 v v — v
HGN v v v v ;
S y y y g Reconsfruction
FQH v / v v Completeness
ScWall v v v V] (exp. dgfg)
Detector | Digi Local reco (hits/tracks) | Globaltracks | Comment
SiMD v/ — —
BD v — —
FD v — —
FSD v v v
GEM v v v
SiBT v v — Need to be added in Vertex Finder
CSC v v X Alignment needed
LCSC v v X Alignment needed
DCH v/ v X X Problems with multiplicity
TOF-400 v/ v X Alignment and proton peak calibration needed
TOF-700 v v X Alignment and proton peak calibration needed
HGN v/ v —
FHCal v/ v —
FQH v v —
ScWall v v —

November 30, 2023



623 338
- GEM planes
TO 0 I S - GEM planes P
Si forward 2018 ///_
tracker planes ~ 1 e e
Ty =2
> IMSL CANE 2 /
A 4625 -
Fortran sean | =
H / h\‘i\‘ [ ‘;’n
h wn
lerary Targef/ b ‘ /*/T” ‘ -
. Si-trigger 18,7 ‘ ( H‘ |
> E|gen plane 1712 % ) ‘ H |
Beam ) 1H|
> Millepede-li Target ||'HI
Si-trigger L} |
plane ‘ ‘
. |
5 5 5 Si forward L777l| \L
S, 0 0 0 0f|S; 0 0 0 0|2, Z3 2, Zs Axyz, Axiz; Axjz, Fracker planes .
0 S, 0 0 0||[0 S; 0 0 0|2, Z3 2, Zs Ax?z, AxVz; AxOz, N
0 0 S; 0 0|0 O S 0 O||Z; 25 24 Zs ! Siplane #4 A
0 0 0 S, 0|0 0 O S; 0|2, Z3 2, Zs :
0 0 0 0 S0l0 0 0 0 S|z, z, 2, Z¢ —_ Ny
S 0 0 0 O|[Nj 0 0 0 o[t 1 1 1 Ax{  Ax)  Ax} |4u'_, ----- - Reconstructed Track Trajectory \‘\\
05,0 0 0/|0 NyO 0 Of2T 1 1 1 A Axd A <—,‘ - iy N
005 0o0looNoOOff1 111 -MeasuredTrackPosm(.n.l
0 0 0 S, 0[/|]0O O O NyOJJ2 1 1 1 .4_,. . - Assumed Detector Position
0 0 0 0 5/10 0 0 0 Ngj1 1 1 1 o - Alignment Correction
Z, L, b L, 1 1 1 1 1|[nyO O O A0 0 :
Z, 7, Z, Zs Zf|1 1 1 1 1[0 N, 0 © Z.O, 5 Ax? a @
Z. 2, Z, Z, 1 1 1 1 1o 0 N, O L4 . 5
Zs Zs Zs Zs Zs)11 1 1 1 1(|0 0 O N L Ax;
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Zarif Sharipov (November 30, 12:45)

Geometry alignment for Silicon and GEM detectors of the BM@N experiment

816




alts

Tracking machine learning challenge
(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 NN/ML
(scheduled for 12th Collaboration Meeting)

November 30, 2023
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0.8

Efficiency

0.0

Magnet SP-41 (0)

Forward Silicon (2)]
GEM (3) J
ECAL (4)

CSC 1x1 m' (5)

TOF 400 (6) ]
CSC 2x15 m' (7)

TOF 700 (8) ]
ZDC (9)

2 EEpFPEA 0.48% 6.03% 0.26% 0.00%

9.70% EpW¥EA 19.04% 0.09% 0.00%

0.49%

&

0.11% EERIFA 0. 0.00%

True label

111 0.16% 0.01% 2.39%

n
] =
u_= By, = [ ]
. [ ] a l. a¥a LY

voge® 12{0.00% 0.00% 2.89%

L]
.‘x""'.."'gs:gvvv'vvv"v'-

0.5 1.0 L5 2.0 2.5 3.0 =15 2 3 4 11 12
p. GeV/c Predicted label

Alexander AYRIYAN, Viadimir PAPOYAN
Implementation of Particle IDentification
based on Machine Learning
(scheduled for 12th Collaboration Meeting)

Triggers: BO + SiD (1)
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Docker/Apptainer Containers for BmnRoot

User Docker Containers with BmnRoot software

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 dockers) is automatically built and published with GitLab CI

Apptainers for using BmnRoot Containers

2 containers (on AlmaLinux 9 & Ubuntu 22.04) with full local installation

2 containers with CernVM-FS client to the central JINR CVMFS repository
The Installation Procedure: https://bmn.jinr.ru/software-installation

Dockers for testing BmnRoot before MR in GitLab CI

simplify Cl-infrastructure using BmnRoot Pipelines
quickly add any OS environments to Cl pipelines (CentOS 7 / Ubuntu 20.04)

Jupyter Notebook for simple physics analysis (A\ Sockor
9

Nikita Balashov (November 30, 11:45)

November 30, 2023 Software distribution system for the BmnRoot framework



LY J GltLab Projects v Groups  More v v This praject  Search

GIT ClI Tests on merge requests

i@ NICA > bmnroot > Pipelines
B . . . .
checking compilation and main macros
All 28 Pending 0 Running 0 Finished 28 Branches Tags Clear Runner Caches Cl Lint
— stable dev and pro branches
@ Status Pipeline Commit Stages
In case of compilation failure or macro errors
o —— #307by Y1-alignment-. -0- 7694510 — . . & 00:11:58 o o e
n |w‘ Correct estimation of t.. 2/ 2/ WY # about 17 hours ago v e'mall IS Sent tO the SOftware developerS
1 *#306by ¥1-alignment-.. -0 f21e1463 — . - & 00:21:58 o
|, © passed ‘ Enabled Cltests for all .. -/ W) # about 17 hours ago T
2 (O] Fi-atigmant &0 0y 0 @) IO ® - Software Distribution via
CernVM File System
(. #303by ¥ dev < f21e1463
|m‘ Enabled CI tests for all ... NANSANIANS) £

Read-only network file system
with aggressive caching, optimized
for software distribution via HTTP
in a fast, scalable and reliable way

— ¥ dev 0 1157e2e4
o] #301 by @ (A () () ()
| @ passed Y & SILICON: file Silicon R.. o/ \ 2/ W/

‘eaa— ?dev < e71f6bca .
® #. { 'RA i
» | © failed ‘ 0Ly e . ToF400 analysis draft )

/cvmfs/nica.jinr.ru/

& GitLab Flle system — centos?

docer docker fairsoft

[ merge %:% build test deploy Ezrani:;zzt
request package package (rsync via tronsoc‘non) — ubuntu20e4
'
@2 CentOS

CI+CD

fairsoft
fairroot

bmnroot

— alma9

fairsoft
fairroot

bmnroot

ubuntu
£ AlmaLinux

Nikita Balashov (November 30, 11:45)

Software distribution system for the BmnRoot framework 10

November 30, 2023
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Electronic L.ogbook Platform

Online Information System

11



\
Create a Current Work with Number of U
new run d 7\ day records dictionaries records per sername
vance User page
search | Cabinet \'
Page
BM@N Electropic Logbook Fast number ged in as shift
Home New Find Lastday Account Reference Book search Page: [T |of 262 @ Number of items per page: 110 " | Logout
age: 1 7 0 R0

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
2180405110920  Rumyantsev | NewRun  5134per7  BeamTrigger + S>3 Al 1250 50 125 Kr 294 Cu (2 mm) C”gggg;_i%ﬁi %zpi‘ 1\2(132@;08:31 XOK:AZ
0180405081235 Rumyantsev = NewRun  5183per7  BeamTrigger + i3 Al 1250 50 125 Ke 294 Cu (2 mm) C”E{ggg;_g%ﬁf %zpi‘ 1\‘:'(132@;5;21 ;OK:AZZ
2018.04.05 07:46:35 Babkin NewRun ~ 5182per7  Beam Trigger + Si>3 Al 1250 50 125 Ke 294 Cu (2 mm) C‘”:tggitf ST;-:E.?SQOi;85(354%:\‘1,25%;2%:&2
2018-04-05 074129 Babkin NewRun 5180 per.7 Beam Trigger + 5i =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)

November 30, 2023 12



BM@N Electronic Logbook

Home New

shift
Leader

Type

Period

N2 Run

Trigger

DAQ
Status

SP-41, A

SP-57, A

VKMZ, A

Beam

Energy,
Gev

Target
Target

Width,
mm

Comment

Reference Book

Rumyantsev

v| Add New ==

Inform All

v| Add New ==

7

5186

Special Trigger

v| Add New ==

All

Kr

v|[ Add New == ]

2.94

J

Cu

v| Add New >>

J

November 30, 2023

Logged in as admin

Logout

Attachments:
Ne File

Choose file(s)

to upload BuiOpatk dyainsl | Pain He BblbpaH

Features:

Access rights: database roles (administrator, shift
operator, user) — Keycloak, JINR SSO

Multi-Column Sorting
Data Filtration
Easy Searching

File Attachments (text description, photos,
e.g. detector mapping)

Email Notification: Subscription to selected
events/records of a certain type — +Telegram

User Cabinet
Logbook Monitoring...

13



EVB elcome la he BVIEN Paperiment Triggsrs  GEM Silion ToRW T DCH  MWPC ZDC ECAL  SRCTriger  LAND VSC

BM(@N Silicons

Run: 4147 Energy: 3.20
Event: 20000 ::;;Tll:;
Raw Eve nt Run Type: beam Field Voltage: 77.60

Builder

Reset it | B s 55 g . AT

Sicon_Stafon_0_modie 0 layer 0

,
Online Digi 555 %0 o 80

EVvMM ROOT Format

Digit Decoder

Online
Histogramming

Event

Monitor q
period, run

start & end time,
event count, file
path, file size

o

run and raw
file metadata

run metadata

E——) i mmmm) On'"e & offine
period, run « ) data processing

e
beam, energy, target, LJ

magnetic field Condition
Database

e-Log platform

November 30, 2023 14
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Data Quality Assurance
Onllne/()fﬂlne Software System

15



Online Histogramming System

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

Event: 20000

Energy: 3.20
Beam: Ar
Target: C
Field Voltage:

Run Type: beam

[ || Select Reference Run || Run 3946, beam Ar, energy 3.2, target 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_...
Ve = s T — L Entries 1057064 & : : * [Entries 153047
6000%.% : Mean 515.8 3500%- Mean 94.33
C% ; Std Dev 87.24 q Std Dev 122.6
50002 o i | — 3000 |
o) : : q

4000?5:_ ................ P R — — 25004

; | | 2000
1500
1000
e S soof | ) H I

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

November 30, 2023 16
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Offline Data Quality Assurance

Current Run: 3387 Ref. Run: 1801 Release: 0.0
Energy: 3.17 Energy: 4.50 Period: 7
Beam: C Beam: C Setup: SRC
Target: H2 Target: Cu

» bmn-qa.jinr.ru
That face -

Occupancy for SILICON in RUN7 SRC

[Select Release:|Select Period:|[Select Setup:|| Select Current Run: | Select Reference Run: " t
‘ 00 v ‘ 7V ‘ SRC v Run 3387, beam C, energy 3.17, target H2, Voltage 108 v ‘ - v 3-'"&. .
Occupancy SILICON, stat 0 Occupancy SILICON, stat 1 Occupancy SILICON, stat2 ";\ . 4 '
I - 1 n YR 1 \
~ 0 N 4

when you never
IldRt '

-4 -2 o 2

4 X Em 4 X [em

1. To represent basic distributions for obtained experimental data for all detectors (trigger counters, GEMs, SILICONS,
DCH ...), and define whether one relies on a run is being analyzed or not

2. To check hit finders and tracking by basic hit and track distributions (occupancy, reconstructed track parameters, results
on matching and PID...)

3. To monitor data that would require a precise monitoring

November 30, 2023 17



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

# A client-server architecture should ensure a graphical representation of
control histograms on a central Web service (for example, JupyterlLab),
which receives the displayed data distributions from the experiment
software of the BM@N experiment (BmnRoot)

< The DQA system should provide the ability to easily add new types of
control histograms in a user-friendly format (suitable for physicists and
detector team, who are not developers), for instance, using JSON
description

November 30, 2023 18
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Event Display (Monitor)
Offline/Online Software System
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Old Solution

New Solution from SPBU team

L — = based on the ROOT EVE package

ey can show/hide setup geometry, select an
event to display, select particles with
definite PDG codes, set energy range and
many other visualization options

rrrr

Event Display for simulated data

‘\' - “ l- 1 MC points, tracks, calorimeter towers
T e— - | ,
| e — it sy e - Event Display for reconstructed data

| choose event objects: MC points and tracks, or reconstructed hits and "‘,_',’P
S

. hits, tracks, calorimeter towers

Anastasiia lusupova (November 30, 12:30) 20

November 30, 2023 Interactive Visualization of Simulation and Experimental Event Data for BM@N



*Visualization runs as a stand-
e ———— alone service

* |t communicates with other
services via HTTP

3d plugin
Customuser Visualization - * The service itself uses plugin

application service .
system to include new
visualization types

* Adapters are made to convert
GEANT vis plugin ROOT/GEANT/whatever format
into visualization tree

Peter Klimai, Alexander Nozik (November 30, 11:30)

Software contribution from MIPT: Development of software systems for BM@N 21

November 30, 2023
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Online Configuration System

Online Information System

22



Converter & Reconstruction
Decoder

b

TDS
Transient Data Storage

Raw Proc FT REC
Online Raw Fast Event

CEPH storage
1
HIST EvM - s .
Online Event | ‘_‘ y }“-g. , : p {
Histogramming Monitor e b X i ; :
A gQ [
\él [b o
2 (;";
> Online /a5 AEEN
Processing start =/ monitor /> control ——>restart —»stop

November 30, 2023 23



BM@N Online Configuration System (OCS)

Configuration
Designer & Monitor

HTTP
web server

[ Process Tree ]

Raw Data
Processor

| Online
Histogramming

mappings from
Condition DB

rw dsts ] FastEvent
from DAQ Reconstruction
(socket) - process
manageme nt
— (REST API) PostgreSOL

Configuration
7 i:c?:;ctor Database

-

FairMQ Devices

\5

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

System (DDS)

November 30, 2023 Igor Alexandrov (November 30, 10:40)

Status of the Online Configuration System for BM@N online processing 24



Online Processing System for BM@N

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

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

Raw data conversion

1

Reconstruction

Visualization

L} L
L L
Raw file . .
2 Macro I : 3 Macro : 4 Macro Standard Mode
BmnDataToRoot.C L run_reco_bmn.C = eventdisplay.C
ROOT Digits . DSTFile .
Standard Flow File . .
-_— -_— L} -_— -_— -_— _— -_— -— L -_— -_— -_— -_— -_— -_— -_— -_— L -— -_— -_— -_— -_— -_— -_— -_— -_—
Online Flow
FairMQ FairMQ

runBmnOnlineDigitizer.cxx

FairMQ Device
ZeroMQ

monStreamDecoder.C

November 30, 2023

Macro

runBmnOnlineProcessor.cxx

runBmnOnlineSink.cxx

3

FairMQ Device

4 FairMQ Device Shared
Memory

eventdisplay.C

& Macro

llya Romanov (scheduled for 12t Collaboration Meeting)
Development of the Online Data Processing System for BM@N

Online Mode

S


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

Menu

TASK MONITOR

CONFIGURATION MANAGER

DICTIONARY SET v

Get in touch

F4 Konstantin Gertsenberger

@ JINR 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 30, 2023

Configuration Manager

BMN Run 7 @

Select Setup Run:

Module Name

OnlineControl

©Module Tasks Module Properties

Task Name
bmn_event_display_imit
bmn_fast_event reco_imit
bmn_online_histo_imit

bmn_root_digi_imit

Task Monitor
Select setup Select module Started
Setup:Run Module Status Log
BMN:7 OnlineControl Started G
BMN:7 OnlineControl Started G
BMN:7 OnlineControl Started G
BMN:7 OnlineControl Started G

Control panel | sToP

Working Directory Actions
_Ey ?(
Host Actions
~2]*[0-9]*[ Jjinr]. =
[a-z]*[0-9]* JjinrLJru =) x
~2]*{0-9)*L Jjinr. =
[a-2*[0-9] L Jjinrl Jru =l X
z]% *1 Tji =
[a-z]*[0-97*[ Jjinr[.Jru =) X
ZT0-GT* Jji =
[a-z]*[0-97*[JjinrL Jru =) x
Select host
Start Time End Time Host

2023-05-05 18:39:16 vps104.jinr.ru

2023-05-05 18:39:16 vm221-85.jinr.ru
2023-05-05 18:39:16 vps104.jinr.ru

2023-05-05 18:39:16 vps104.jinr.ru

26
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Condition Database (UniConDa)

Offline Information System
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pointer to /

Geometry Storage
(will be removed after
Geometry Database
integration)

pointer to
EXP Storage

pointer to
Parameter Storage

November 30, 2023

setup geometries

run_

raw_file

- ™
run_geometry period_number. INTEGER (FK)

Efile_id: INTEGER

@Wgeometry_id: INTEGER Erun_number: INTEGER

A root_geometry: BINARY £ — run_type: SMALLINT ——
start_datetime: TIMESTAMP
run_period end_datetime: TIMESTAMP

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

field_voltage: FLOAT
event_count INTEGER
geometry_id: INTEGER (FK)

Zperiod_number: INTEGER

start_datetime: TIMESTAMP
end_datetime: TIMESTAMP

period_number: INTEGER (FK)
run_number: INTEGER (FK)

start_event INTEGER
end_event INTEGER

start_datetime: TIMESTAMP
end_datetime: TIMESTAMP
file_path: VARCHAR(200)

event_count INTEGER
file_size: LONG

file_hash: VARCHAR(32)

d tadata
/J'unan raw me a T ]I’

/

. .
detector_parameter

Hvalue_id: INTEGER

detector_name: VARCHAR(10) (FK)
parameter_id: INTEGER (FK)
start_period: INTEGER (FK)
start_run: INTEGER (FK)
end_period: INTEGER (FK)
end_run: INTEGER (FK)

value_key: INTEGER
parameter_value: BINARY
expiry_date: TIMESTAMP

detector_
Edetector_name: VARCHAR(10)

detector_desc: VARCHAR(30)

parameter_type
Ttype_id: INTEGER

|
|
type_name: VARCHAR(50) |
|
|
|

I
.

parameter_
Bparameter_id: INTEGER

parameter_name: VARCHAR(20)

simulation_file

Tfile_id: INTEGER

file_type: INTEGER

energy: FLOAT

file_size: LONG

generator_name: VARCHAR(20)

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

centrality: VARCHAR(10)
event_count INTEGER

file_hash: VARCHAR(32)
file_desc: VARCHAR(30)

simulation

metadata

parameter_type: INTEGER (FK)
is_array: BOOLEAN

parameter warehouse

storing information (metadata) on
experiment runs and obtained raw files;
on generated simulation files; detectors,
parameters and parameter values, and
(temporary) setup geometries

pointer to

SIM Storage

@ PostgreSQL 12
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File Inspector

fr [a

BM@N Experiment Database

Documentatio

The Condition Database iz 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
correct multi-user access to actual mnformation of
the experiment for data processing.

Account

Unauthorized user

Experimental Data
Distribution of events by run periods and time intervals of periods

Period 7: 313 MEvents

Period 6: 76 MEvents |

Period 5: 20 MEvents \
—
Period 3: 22 MEvents r——'—’

Period 2: 10 MEvents

= Period 8. 742 MEvents

Simulation Data
Distribution of events by generators

UrQMD: 6 MEvents \VMSMM. 193 MEvents

DCMQGSNM: 630 MEvents

bmn-uniconda.jinr.ru

M HIGHCHARTS

docker

Beam - Energy

- Target distributions

Beam C (E=36 GeVin)
Total: 0.79 MEvents

~~ no target: 0.79
MEvents

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

Csl (2%): 53.86
MEvents

no target: 4.99 -
MEvents

Beam Xe (E=3.8 GeV/n)
Total: 638.98 MEvents

BM@N

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

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

November 30, 2023
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NoSQL Solution for BM@N Condition Database

™
. mongoDB % -
cassandra Elasticsearch

. amazon h e

HHHHHH

DynamoDB HEASE redis

Open for research work of a student

) o

Scalable  High Performance Flexible

November 30, 2023 30
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P

BM@ N Baryon.ic Matter p— BM@N Geometry DataBase & bmn_q eO“nr ru User:: gertsen CONFIGURE WEBACCESS GOUT
- at Nuclotron
Setup Modul » db authorization
etu odules
P » or FreelPA access
Menu Module Name (Tag) Date File Transformation Descriptio  Author  ParFile = Download
n
BD bd v1 0 2018-07-26 vl 1.000 0.000 0.000 0.000 bdvi 0 aleksand
HOME
0.000 1.000 0.000 0.000
VIEW GEOMETRY ~ 0.000 0.000  1.000 0.000
VIEW.SETURS BD  geom BD_det v2 2020-04-19 geom BD_detv 1.000 0.000 0.000 0.000 geom BD_d aleksand

et v2

MIEW.SETUR.MODULES [ Wl ta A W Ta Vsl

VIEW EILES
VIEW MATERIALS - Jeksand
VIEW. MAGNETIC. EIELDS
SETUP
MODULES
EDIT GEOMETRY v
ADDITIONAL i
¢GCc oGS FILES . - o ileksand
ROOT file (i) . AGNET
TRANSFORMATION 1—[\3 sTS
. FIELD MATERIALS MATRIX (i)
Get in touch Dok Dc[ ] [ ] D memeee g
_— (—.v RICH
-I—DMUCH
E9 Konstantin Gertsenberger
——{V]tRo
DCH | D( ——{Jor ileksand

-

PostgreSaL User Interface Functions:

Three user roles
?SQL'M Lead Developer | Developer | User (Reader) View Add Edit Approve Download

Evgeny Alexandrov (November 30, 12:15) 39

November 30, 2023 Integration of the Geometry Database for the BM@N experiment


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

Offline Information System
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Detector

# events

Data analysis

Background

Relevant quantity

Reconstruction

Run 8 (12.12.2022 —02.02.2023)

24 000 files, 23 000 events per file

November 30, 2023

Event Selection for PhA:

* beam particle

* target particle

* beam energy

* trigger type

* number of primary (all) tracks

* number of +/- charged particles
* types of reconstructed particles
* number of hits by detectors

« total input/output charge
 software version...

Index all (selected) events
Event Catalogue Quality

Event Catalogue Statistics

34



F'roduction Monitoring and
A (producer) Condition Database Statistics System ® EMD Producer
Single roduce
Sign-on f;ew ovent Event Selector
(LDAP, FreelPA information
or JINR SS0) (unmetaddt Event Retrieval
writé :
v””reseiﬁcn/’
update EMD 2 . Event Cache”
write event metadata event
@ _ - _ update EMD metadata
W selection (EMD)

Web Service

view
search
update EMD

retrieving
events

Web Browser

November 30, 2023

[ Metadata Application
DST

~ -

Metadata Application

Programming Interface Event Catalogue

update EMD event
indexes
retrieving
events

process

’ |

Workload

B[N Management System

Experiment Software

(C++, ROOT) event

indexes

cache

./‘/_H\\
_/L j gather

=5

Gathering Service

Distributed
File Storage

Distributed
File Storage

Peter Klimai (November 30, 11:30)

Software contribution from MIPT: Development of software systems for BM@N

Programming Interface

Event Catalogue is
based on PostgreSQL

Integrated with
the Condition Database

REST API and Web Ul
developed
on Kotlin multiplatform

Configurable to support
any metadata

ROOT macro to write
new event metadata
to the Catalogue

Role-based
access control

Monitoring

35
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Event Metadata System. Web Interface

BM@N Event Metadata System :7*

BM@N Events (7))
- N .
e Search Events Q Q
&= o .
SRC Events = g Software Version datal /var/filel 150 19.1 7 5100 90 qwe true
= . - )]
=5 Search Events s [} datal /tmp/filed 19.1 7 5001 25 qwerty true
erio! umber
Q. = Period Numt
Test Events ) o]
_— datal /tmp/file4 2 191 7 5001 77 qwertyl false
(%)
B Search Events S ") Run Number
'Q ] datal /tmp/file4 3 19.1 7 5001 25 querty true
S O
L o) Q Beam Particle
8 datal /tmp/file4 4 191 7 5001 25 qwerty true
/' Target Particle
g £ datal /tmp/file4 10 19.1 7 5001 25 querty true
S Energy, GeV
[y L9 av,
’_E (\}] datal /tmp/file4 Al 191 7 5001 77 qwertyl false
e €&
(o) E Total track number datal rtmp/filed 12 19.1 7 5001 25 querty true
QO
[~}
Q Triggers (string) datal ftmp/filed 13 19.1 7 5001 77 qwertyl false
B
..Q‘J &) Primary vertex Qi‘l nmp/filed 14 -/ 19.1 7 5001 25 qwerty true
s S
b)) :
"a ) - event pointer = file GUID + event number 110015 >
: Limit [dflt=100]
© o
S O
Offset
c/
@ = 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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REST APIs for BM@N Information Systems

BmnRoot |,

login .
oass curl:// + pass
URL + token URL

@ OpenAPI specification
Swagger — Documentation

{JSON}

https://b i Ce Juni d i/v1/ run_number=3950-4000&beam_particle=Ar
://bmn-uniconda.jinr.ru/unicon i/vl/run
> umiconda.] H/uniconda_ap . energy=3.16-3.18&target_particle=SRC%?20Lead

—» HOSTNAME / SERVICE / VERSION / ENTITY?parameter_set

HOSTNAME=https://bmn-[SYSNAME].jinr.ru parameters are separated by '&’
ranges: min:max — >=min AND <=max

SERVICE=[SYSNAME]_api I N—— \Max — <=max
VERSION=v1 (v2...)
ENTITY=tablename without last '’ (if presents)

Unified Condition Database, SYSNAME = uniconda
Event Metadata System, SYSNAME = event https://bmn-event.jinr.ru/event_api/vl/event?...

/eventFile?...
Geometry Database, SYSNAME = geo

/eventFileRef?...

November 30, 2023 38



staff
external users

»P

DIRAC

2 ’
job with token

CLOAK production Workload
JINR SSO manager Management System
auth L] job with token
} roles
BmnRoot :
framework - » token token
wer [“] curl:// (o)
Interfaces g REST API 5l:rl’twa[g.:‘.‘r DiM;t;}butlnn
database | query
{ JSON } query | result
GET Experiment Databases (I5)
', —
Electronic Condition Geometry
Logbook Database Database
= —]
m_ Monitoring Sy stem

Event Metadata Online Configuration

https://bmn-[service].jinr.ru/... System

System

November 30, 2023
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éw% @Yaﬁ Server

accounts4db.json
accounts4extauth.json

config.json

Run installation script kﬂ

/"deos’r" :"db_host.jinr.ry",
"doName" :"elog_db",

"dbPort" : 5432,

"dbBackup" :
"remote_user@backup_server jinr.ry",

"authExt" : false,
“authHost" : "

"expName" : "NICA",
"explLogo" : "login/images/nica.png",
"expUrl" : "https://nica.jinr.ru”,

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

C &

November 30, 2023

- ==
L=} Backup Servers .=

daily @ backup

COMMAND CREATED STATUS PORTS NAMES

postgres:12.4  "docker-entrypoint.s.” 2 hours age Up 2 hours 0.0.0.0:5432->5432/tcp, :::5432->5432/tcp elog_db

.- Database Server

@ &
docker

CA
°C rontab
Tracking - =]
updates = Web Server docker

3 C
IMAGE COMMAND CREATED STATUS PORTS NAMES

nginx "fdocker-entrypoint..." About an hour ago Up About an hour ©.0.0.0:80--80/tcp, :::808->88/tcp elog web
web_php  "/entry-elog-php.sh .." About an hour ago Up About an hour 9600/tcp elog_php

https://qit.jinr.ru/nica_db/codes
https://git.jinr.ru/nica_db/elog_platform
https://git.jinr.ru/nica_db/uniconda_platform
https://qit.jinr.ru/nica_db/geo_platform
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88 BM@N Database Monitoring: In Detail - mon-service J inr.ru

BM@N Information Systems : Database: Response time . Server: CPU usage B Server: Load average (past 5 minutes)
025 6.00%
020 |
4.00%

010 [ 2.00% b i y T i d b
22 o bbb o bbb

0
08:00 03:00 10:00 11:00 12:00 08:00 09:00 10:00 11:00 1200 13:00

— simple select, sec — e e e 0900 1000 1100

Database: Number of rows (per minute) ! Database: Number of connections . Server: Memory usage Server: Memory usage
600 270
400 v . 265
200 260

255 368 —

o
08:00 09:00 10:00 11:00 12:00 13:00 2.50

oB
== rows returned == rows fetched == rows inserted == rows updated 245 08:00 09:00 10.00 1:00 1200

rows deleted L Ly e ket = available == used = active

Database: Transaction count (per minute) ' Database: Number of buffers : Server: Disk usage * Server: Memory Swap

10 Mil 150MB
1Ml —
100K 5% 100 MB

i " * hosts

1K 50 MB
100
i ESEEESS SENENINE SN SN e e 0800 0900  10:00 00 1200 )

K * datab
0800 0900 1000 1100 1200 1300 == buffers allocated == bufers written by a backend Loy & D TES =D T atapases

0%
- mitted = i lIbacked = buffers written by the background writer 08:00 09:00 1 13:00

= swaptotal == swap used

Databese: Cache hit (per minute) Server: Number of processes i IR T——— i Server: Network errors * Wwe b-s |tes

100 3.0kB/s

50 4 | Hunread ¥y Stared R Contact  Tags [ Attachment trl+Shift+K>

| _ L o . [ | A Subject Correspondents © Date
08:00 09:00 10:00 n [OK] PGSQL response time alert Grafana 2:41 PM

o
et e Heet] ke Ly = total threads = total processes =

Service Monitor on CentOS7: server1 - PGSQL state changed to UP : sh@yandex.ru 2:40 PM

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

[Alerting] PGSQL response time alert Grafana 2:01 PM

O Service Monitor on CentOS7: server1 - PGSQL state changed to *** ... © 7 h@yandex.ru 1:54 PM
* Condition Database

. ] . . . TR Grafanal h@yandex.ru> ¢ i ; € Reply - Forward @& Archive @) Junk
simple or detailed visualization “Llyect [OK] PGSQL response time alert '
o To Mety
* Electronic Logbook [OK] PGSQL response time alert
simple or detailed visualization

Grafana: Database monitoring warning!

Email Alerting

vember 30 2023 Peter Klimai, Olga Nemova (November 30, 11:30)
' Software contribution from MIPT: Development of software systems for BM@N




Migration FreelPA — Keycloak — JINR SSO

v -~
user cabinet staff {#IKEY

user cabinet \-S admins
—

@ writers

[ — @ readers

bmn-ipa.jinr.ru

external users

staff
external users

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

JINR SSO bmn-user.jinr.ru

Wiki
Document
Server

54 Users
O

Electronic Logbook

——

J
J
N J

Condition Database

=\ 1
Geom:E[;iabase @ &J BmgnN h

4 \ Collaboration Members

14 Groups’

Configuration
System Event Catalogue

Alexander Chebotov (November 30, 10:55)

November 30, 2023 Transition to a new authorization/authentication system for BM@N
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https://bmn-ipa.jinr.ru/
https://bmn-ipa.jinr.ru/

X PROXMOX
* Official BM@N Web Site

bmn.jinr.ru BM@N DAQ [ €
Data Center

docker o
Publication Server

bmn-science.jinr.ru
for BM@N scientific activity (Nikita Balashov)

Wiki Doc Server
bmn-wiki.jinr.ru

Picture Gallery

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

Task Management

/09//7 bmn-task.jinr.ru

NICA-Scheduler
bmn-scheduler.jinr.ru

Tango Viewer
bmn-tango.jinr.ru

Forum System
bmn-forum.jinr.ru

Electronic Logbook
bmn-elog.jinr.ru

Z
(@)
Condition Database ’ % Configuration System
bmn-uniconda.jinr.ru bmn-online.jinr.ru
Geometry Database Event Metadata
bmn-geometry.jinr.ru bmn-event.jinr.ru

November 30, 2023 43


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-wiki.jinr.ru/
https://bmn-forum.jinr.ru/
https://bmn-forum.jinr.ru/

HybriLIT platform

BM@N Online Cluster NICA Cluster GRID Tier1&2 Centres
dac.jinr.ru nex[101-106].jinr.ru Ixui jinr.ru (CICC) (S% ‘;(r;aofi’,? rrf;»)
(LHEP, b.205) (LHEP, b.216) (MLIT, b.134) yara.jinr.

(MLIT, b.134)

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

CEPH: 2 PB (replicated) EOS: 1 PB (replica) EOS: 1 PB (replica) ZFS: 200 TB
SLURM: 1000 cores  new number of resources EOS CTA: 100 TB for NICA  Lustre (hot): 300 TBssd
after future upgrade in Ivan Slepov’s report SLURM: 1250 cores SLURM: bmn — 192 cores

Is there enough free space on the storages for data of the next BM@N Rune

BM@N software have been installed & configured on CVMFS (moving to bmn.jinr.ru)

Automatic software deployment of the BmnRoot package on CVMFS with GIT CI

Ivan Slepov (November 30, 09:55)

November 30, 2023 Status of the NICA offline computing cluster at LHEP
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Menitering System

Electronic Logbook

Condition Database
(UniConDa)

74

| BM@ N Online Cluster (D. ({DDC)
opdooe) |

Online Configuration
Information System

slow cont

Tango

run info

Online Histogramming

rol system
digits

%

dst

Event Monitor

Data Acquisition
Event Builder
Online Processing

Fast Event Reconstruction

digits

Raw Dara Converter

G i

Database

Event
Metadata
System

¥ DIRACK
-

Data Management
System

FTS

CEPH
raw

(primary)
data

DAQ Storage

Event Data Online
Parameter Data Online
Control Data Online
9) Workloads (jobs) Online
Single

Sign-On TaskFlow Control Online

(LDAP, FreelPA
or JINR SSO) Sollhag

Offline
Offline
Offline
Offline
Offline

Offline

Data Transfer

EOS 1PB
raw digi dst
sim dst

L]

cicc
complex

A\

BmnRoot:
EOS 1PB raw—digi
raw digi dst digi—dst
sim dst sim—dst
dst—ana

EOS CTA

SLURM: 400 iX slots (user
or 0-2500 iX slots (dirac)

digitizer
reconstruction
simulation
analysis

Software Distribution

(GVMFS)

[]

HPC «Govorun»

SLURM: 192 iX slots u@n)

Workload
Management System

Service HybrillT Dok
- platform .
Airflow — - Lustressp
0 100TB -
i Q o
WorkFlow =
Management Service ZFS
t 80 TB
DIRAC "' Fast Transient
39 Storage
o

November 30, 2023
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DIRAC Workload Manager for BM@N

Submit thousand of jobs to DIRAC Job Queue

|

| lcar ]

| lcar ]

User
ODIRAC Job
Pilot job || Pilotjob || Pilotjob || Pilotjob || Pilotjob Pilot job Pilot job
User User User User User User User
Job Job Job Job
BM@N NICA Cluster CICC Clouds External
Online Cluster Tier-1 Tier-2 Collaborators
November 30, 2023 Igor Pelevanyuk (November 30, 10:10) 46

Status of the NICA offline computing cluster at LHEP



File Catalogue Choice for BM@N

< File Catalogues map a Logical File Name (LFN) to the Physical File
Name (PFN) at distributed computing platforms

# The native [(DDIRAC| File Catalog (DFC) combines both replica and
metadata functionality. In the DFC metadata can be associated with any
directory, and subdirectories inherit the metadata of their parents

< #RUCIO js g Distributed Data Management System initially developed for
the ATLAS experiment in 2014 providing file and dataset catalogue and
transfers between sites and staging capabilities, policy engines, caching,

bad file identification and recovery, and many other features.

LIGO o
<& cuxDAT

Igor Zironkin (scheduled for 12t Collaboration Meeting) 47
BM@N distributed data processing with DIRAC File Catalogue

e = A
e s s [ 4 -"‘f/!’\\\\- ::;;!'
cta
chesenbov tebascape army :
- v, =
c?)’ 2= Fermilab X¥ l.'§=._l

PAWSEY
BEROOKHEUEN ~~~* 5%
NATIONAL LABORATORY
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BM@N Workflow Management

< 28 A He saupisss nolgjinnrs0a/home e8>0 A 4
4. Huawei P20 - O6cy.. @) Rucio: Scientific Dat.. ) GitHub - hsf-trainin.. T "Metka na crexne”.. [0 (PDF) Status of the.. [l c++ - Constructing.. 2Bl Detector | CMS Exp... » .

Airflow deployed on the NC-farm
xﬁirﬂcw DAGs Datasets Security Browse Admin Docs 13:34 UTC K&

_ Used in BM@N Run 8 to transfer
_— e siton raw data emerging on the NICA-
o a0 2023.06-15, 09:34:12 cluster to the LIT EOS storage and
to check the integrity of the source

latest_only

example2 example3

latest_only_with_trigger

example3 2w — s e and deStination ﬁles

online_raw_process soul None

e o e . " To be employed for managing online
o (for emerging raw data files) and

cxampi - e s e offline data production via DIRAC
tutorial_dag iflow None

tutorial_taskflow_api

example

aifle from airflow import DAG

tutorial_taskflow_api_virtualenv aimm# load database configuration from J50NH
I config = json.load(open("transfer db.json"})

T mAS

]wit.h DAG({'sync raw_dag', description='This DAG is for copying new raw data files from an inpput directory to LIT EOS',
default args=default args, schedule_ interval=None, catchup=False, max active runs=1l) as dag:

] def input_file portion():

return process_list

input_file_portion —* sync_raw_files[] —* rerun_dag
ftask (max_active_tis_per_ dag=3)

MC Simulati()n pipeline ] def sync raw files(input_ file path):
event filtering  digitizing o
reconstruction  analysis

trigger = TriggerDagRunCperator(task id='rerun dag',
trigger dag id="sync raw dag")

A

sync_raw_files.expand(input_file path=input file portion()} >> trigger

Nikita Ilyin (scheduled for 12t Collaboration Meeting) 48

November 30, 2023 Using Apache Airflow for automation of BM@N distributed data processing



NICA LHEP

250
cores

Tier1 LIT

750
cores

Tier2 LIT

500
cores

Supercomputer

200
cores

November 30, 2023

Experimental data
645 x 10¢ events
(25 800 raw files)

Online farm

1 raw file = 15 GB (25 000 events)

1 digit file = 870 MB
1 dst file = 2 000 MB

Percentage of the total number of jobs

Percentage of the total number of jobs

100

804

60 4

100 1

80 1

60

Completed jobs (%)

a0 i

204 ¢

----- RawToDigit
~ - DigitToDst

. Production
=432 h
(18 days)

DigitToDst

100 200 300
Time (h)

Completed jobs (%)

400

404

204+

-+ RawToDigit
~~ DigitToDst

Production
=240 h
(10 days)

50 100 150
Time (h)

200

Daria Priakhina (November 30, 10:25)
Digital Twin of BM@N computing infrastructure for data production

NICA LHEP

1 000 l'
cores

Tier1 LIT

750
cores

Tier2 LIT

200
cores
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