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Data Production in BM@N Physics Run

15t Physics BM@N Run
Two beam energy available for Xe-beam

Csl target is used as more similar to Xe
More than 600M events were collected
Beam Xe ( E=3.8 GeV/n)

Total: 592.66 MEvents

- Csl (2%): 547.84
MEvenis

no target: 13.25 --~.H/

MEvenis

Empty: 25.67
MEwvenis

BM@N

Run 8

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

~ Gsl (2%) 53.57
MEvenits

no target: 4.49 -

MEvenis

400 TB (x4)
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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 0,6 Mb
Data rate up to 2 GB/sec
Raw file size 15 GB
Event count per file 25000
Total event count (ttest, calibration, pedestal) 645 M
Total complete file count 25 800
Total run count 1 920
Total raw data size 400 TB
Total replicated raw data 1.6 PB
Avg digit file size 870 MB
Avg DST file size 2GB
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BM@N DAQ
200 data streams
7 GB/s @ 15 kHz

CPU: 1500 cores
HDD: 2.8 PB (EC-replicated)

1 data stream

(" 64 channels

8 GB/SI

—
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—

Network
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500 kB
1..10 ms

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

raw_run.data ' raw generator.dat
= 600 KB/event processor simulation = 10 KB/event
. converter + decoder o

SIM
ROOT
format

reconstruction

format

DST
ROOT
format

physics

. miniDST
analysis

for PhA

RAW — DIGIT — DSTexp — PhA

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

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

DSTexp: reconstructed data of experimental events

GEN — SIM — DSTsim — PhA

GEN: particle collisions description received by
event generators

DSTsim: reconstructed data of simulated events

plots
results
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Components of BM@N distributed complex

computing platforms for the BM@N experiment

software distribution system as a central repository of the experiment software
data storages on distributed FS for experimental and simulated files

file and event catalogues organizing smart namespaces with metadata
workload management system for parallel task/job distribution

data transfer services enabling the transfer of large amounts of data between
users and storages within the federal administration

workflow management service orchestrating task flows on data processing

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

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

central authentication and authorization system to regulate access rights

monitoring system to control state of server nodes, databases and interfaces

April 12, 2024 7



HybriLIT platform

BM@N Online Cluster NICA Cluster GRID Tier1&2 Centres G SC
ddc.jinr.ru ncx[101-106] jinr.ru Ixui.jinr.ru (CICC) (« hozlisgqiz;)ru )
(LHEP, b.205) (LHEP, b.216) (MLIT, b.134) yara.jinr.
| (MLIT, b.134)

intel) RSC-

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

CEPH: 2.8 PB (replica) EOS: 1.2 PB (replica) EOS: 1.2 PB (replica) ZFS: 200 TB
SLURM: 1500 cores NFS: 300 TB (for NICA) EOS CTA: 500 TB Lustre: 300 TBssd (for NICA)
after the upgrade SLURM: 3000 cores SLURM: 2500 cores SLURM: bmn — 192 cores
(for all NICA users) (for all NICA users)

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

April 12, 2024 8



4 GitLab

Projects v~  Groups v  Activity  Milest

bmnroot @

GIT: Version Control System
Repository branch protection

™ alignment ions for right compilation

. bd new FairSoft release; FairRoot was separated from BmnR...

8 bmndata for new Event Header; almost all tasks copie...

8 bmnfield first version of the L1 trackir

- cat update L1CAFinder for run?

" mes oot ° * Unst ¥ Fork | 4
roject ID: 2
Detail: .
U Role-based access control to projects
S Simulation and Analysis Framework for the BM@N experiment of the NICA project
o sooee Issue Tracker (as a Project Management System)
® et oo 1|+ e e oo o - | AUtomated Tests & Deployment (GL Runners)
D Issues 5
new MPD-Scheduler version (@  sossears m
11 Merge Req ) Konstantin Gertsenberger authored 21 hours ago
# Cl D
@ README ® Add Kubernetes cluster B cyco configuration
€& Operations
o st Software Distribution via
£ setting  KF update L1CAFinder for run7. Tested at the hydra with Fa 1 month age .
.o CernVM File System

Read-only network file system
with aggressive caching, optimized
for software distribution via HTTP

o S - in a fast, scalable and reliable way
‘, /cvmfs/nica.jinr.ru/

i & & File system R

& GitLab docker docker y Teneos

fairsoft

build
package

test
package

merge
request

fairroot
bmnroot
—— ubuntu2004

%> CentOS

®

ubuntu
£ AlmaLinux

N4

CI+CD

April 12, 2024

-

(rsync via Tronsoc‘rlon)
stage

release

fairsoft
fairroot

bmnroot

— alma9

fairsoft
fairroot

bmnroot




2

Data Storages for BM@N
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S
A
N
S
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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 XRootD plugin
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

April 12, 2024
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Menitoring System Electronic Logbook

Condition Database
(UniConDa)

o574

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

Tango

Online Configuration slow control system

Information System

l run info

Online Histegramming

digits

dst

Event Monitor Fast Event Reconstruction

Data Acquisition
Event Builder
Online Processing

digits

Raw Dara Converter

CEPH
raw

(primary)
data

DAQ Storage

Event Data Online

Parameter Data Online

Control Data Online

) ) Workloads (jobs) Online

Single

Sign-On TaskFlow Control Online
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or JINR SS0) St

Offline
Offline
Offline
Offline
Offline

Offline

Geometry
Database

Event
Metadata
System

v DIRACfc
-

Data Management
System

FTS

EOS 1PB
raw digi dst
sim dst

[]

cIcc
complex

BmnRoot:

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

Data Transfer
Service

Airflow

WorkFlow
Management Service

DIRAC

A\

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

digitizer
reconstruction
simulation
analysis

Software Distribution

(CVMFS)

L]

HybrillT
platform

: Lustre ssp -
100 TB

ZFS
80 TB

Fast Transient
Storage

HPC «Govorun»

SLURM: 192 iX slots u@n)

@

Workload
Management System

April 12, 2024
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DIRAC Workload Manager for BM@N

_ Submit thousand of jobs to DIRAC Job Queue

% Llcar : ] ]
sy Llcar

Collaboration members User

Production Manager: Igor Pelevanyuk O D I R AC Job

THE INTERWARE

Pilot job Pilot job

Pilot job Pilot job || Pilot job Pilot job Pilot job

User
Job

User User User User
Job Job Job

User

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

April 12, 2024 13



BM@N DST Productio

n via DIRAC (Run 8)

Duration of Raw2Digi campaign — 35 hours (0.16 s/ev)

Quotas (cores):

_ Duration of a job

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

eeeeeeee Tier1: 1500 (for NICA)

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

NICA cluster: 1000 (per user)

Tierlold  Govorun -

NICA cluster: max 100 slots (big files)

cores:

Tierl new cores
and NICA cluster

PR s

CPU core performance on benchmarks

Duration of Digi2DST campaign (1/2) — 170 hours (3 s/ev)

Total files: 30 741  Total raw size: 393 TB
Average transfer speed (20 streams): 1.92 GB/s
Total transfer duration: 2d 15h
Max transfer speed (R+W) EOS@MLIT: 7.5 GB/s

Disk usage: tmp file: 8 GB result file: 800 MB
Total disk usage per job (15 GB): 25 GB
RAM usage: 2 GB

Total wall time: 70 CPU years

April 12, 2024

CPU core performance on benchmarks
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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 |(ODIRAC| 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

P ‘7RUC|0 is a 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.

e
. 3 LX) 220 ,\‘\. 7“ :‘i E 1_:{{.‘
Ef 5&5 l | o%e ‘.:;,‘..- ENSCA cta _ m % I EE EL' BE @ F T S
BESIII Experiment ‘ uGo
25 mnooumnuen T SN <& cUXDAT
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DST

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) etadatd Event Retrieval
y Jectiol
rese
update EMD 2 . Event Cache*
write event metadata event
@ _ - _ update EMD metadata
W selection (EMD)
Web Service

b -

Metadata Application
Programming Interface

Event Catalogue

view
search
event
update EMD update EMD |
indexes
retrieving retrieving
events events

process

I

Workload

B[N Management System

Experiment Software

Web Browser (C++ ROQT) ’:;z:;‘;
./‘/_H\\
cache /L  _ gather
=/
N S
T

Distributed Gathering Service Distributed
File Storage File Storage
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Metadata Application
Programming Interface

Event Catalogue
based on PostgreSQL

Integrated with
the Condition Database

REST API and Web Ul
developed
on Kotlin multiplatform

Configurable to support
arbitrary metadata

Service for automatic
writing new event
metadata to the Catalogue

Role-based
access control

Monitoring System
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LHEP — MLIT
0 DIRAC 20 DIRAC Jobs ~ 2 GB/s
T l T~
—_— - I R =~
-7 l T~
4 v ~~a
file:///ceph/bmn/run/... root.//ncm.jinr.ru//eos/nica/bmn/... root://eos.jinr.ru//eos/nica/bmn/...
RAWSync
RAW — Cemii
xrdcp (kinit) File system
xrdcp
DIGIsync DSTsync
BM@N Online Farm NICA Cluster CicC \‘\
(DDC, LHEP) (NCX, LHEP) (LXUI, MLIT)  *xrdcp (Kinit)
w

A

':fpga.jinr.ru

Max transfer speed (R+W)
with EOS in MLIT = 7.5 GB/s 0 D I R AC

THE INTERWARE

Mass Data Processing

Waiting for FTS
Access protocols: XRootD, EOS, FUSE SC «Govorun»
Authentication protocol: Kerberos (HYDRA, MLIT)

April 12, 2024 17



< (G-} 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... »

x Airflow DAGs Datasets Security

example_xcom_args_with_operators

Airflow deployed on the NC-farm

Browse Admin Docs 13:34 UTC KG

Used for BM@N Run 8 to transfer

= st raw data emerging on the NICA-

latest_only

example2 example3

latest_only_with_trigger

o - 2028.06.15, 093412 cluster to the LIT EOS storage and

to check the integrity of the source

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

tutorial_taskflow_api_virtualenv

example

MC simulation pipeline
event filtering  digitizing
reconstruction  analysis

April 12, 2024

flo from airflow import DAG

# load database configuration from JSON
config = json.load(open("transfer db.json"})

irfloy

]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

] def sync_raw files(input file path):

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

A

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

18



BM@N Resource Prospect for 2024-2035

BM@N 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Production, days 5 30 30 45 45 45 45 45 45 45 45 45
Event rate, event/sec 3636 3636 3636 3636 3636 3636 3636 3636 3636 3636 3636 3636
Duty factor 18% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%

RAW event count, M 140 1200 1200 1800 1800 1800 1800 1800 1800 1800 1800 1800
RAW event size, KB 580 640 700 700 700 700 700 700 1024 1024 1024 1024
RAW data size, TB 83 790 860 1290 1290 1290 1290 1290 1890 1890 1890 1890
REC event size, KB 50/100 | 55|110 | 90|180 | 90|180 | 90|180 | 90|180 | 90|180 | 90|180 | 90|180 | 90|180 | 90|180 | 90|180
REC production times 3c+1H 3 4 3 4 4 4 4 4 4 4 4
REC data size, TB 284 553 1207 1358 1810 1810 1810 1810 1810 1810 1810 1810
EXP full storage (4x), PB 4.0 9.3 17 28 40 52 64 76 91 105 120 134
SIM event size, KB 20|550 | 20|550 | 20550 | 20|550 | 20|550 | 20|550 | 20|550 | 20|550 | 20|550 | 20|550 | 20|550 | 20550
SIM event count, M 200 400 400 600 600 600 600 600 600 600 600 600
SIM data size, TB 106 212 212 319 319 319 319 319 319 319 319 319
SIM full storage (4x), PB 0.7 1.5 24 3.6 4.9 6.1 7.4 8.6 9.8 111 12.3 13.6

Disk Data Size, PB 1.2 2.7 4.9 7.8 1.2 14.5 17.8 21.2 25.1 29.0 33.0 36.9

Disk Storage (4x), PB 4.7 11 20 31 45 58 71 85 100 116 132 148

Tape Data Size, PB 0,6 1,4 2,2 3,5 4,8 6,0 7,3 8,6 10,4 12,3 14,1 16,0
EXP processing, sec 0.3+2.8 | 0.3+2.8 | 0.3+2.8 | 0.3+2.8 | 0.3+2.8 | 0.3+2.8 | 0.3+2.8 | 0.3+2.8| 0.3+2.8 | 0.3+2.8 | 0.3+2.8 | 0.3+2.8

EXP cores*days 2260*40 | 310042 | 3100*56 | 4600*42 | 460056 | 4600*56 | 4600*56 | 4600*56 | 4600*56 | 4600*56 | 4600*56 | 460056
SIM processing, sec 9+5 9+5 9+5 9+5 9+5 9+5 9+5 9+5 9+5 9+5 9+5 9+5
SIM cores*days 1500%22 | 1500%43 | 1500*43 | 1500%65 | 1500*65 | 1500*65 | 1500*65 | 150065 | 150065 | 150065 | 150065 | 1500*65

CPU years (x512GFlops) 340 530 650 800 970 970 970 970 970 970 970 970

April 12, 2024
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BM@N Resource Prospect for 2024-2035

Disk Data Size Disk Data Storage (4x replica)
40 — 160 2x mirroring * 2 storages —
35 _ 140 (LHEP EOS + MLIT EOS) —
30 - 120 —
o
o 25 o £ 100 —
Q — o —
@ 20 37 3 80 —_ 148
1] 33} I 132
£ 15 29 £ 60 -1 116
3 100
10 . 40 - sgl 71
5 — =1 8 20 . -L31I_45
0 -ﬂ»-i!—-s - fm few 0 "fd-lleo - e - - -
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
: Data Processing (CPU cores x days
Tape Data Size
5000 80
° o i1 111111l I 70
4000
H " 3500 | i1 1011 60
12 et 50
E 8 3000 %
< 10 - 2500 40 ﬁ
5 8 & 2000 30
S 6 1500 50
S 1000
4 500 10
2 0 0

o1

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 s CPUexp mmmmm CPUsim DAYSexp DAY Ssim

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
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JINR MLIT
Contribution
to BM@N

April 12, 2024

Igor ALEXANDROV, Evgeniy ALEXANDROV, Irina
FILOZOVA, et alia

Development of the Geometry Database and Online
Configuration Systems

Nikita BALASHOV:
CVMFS Deployment, GitLab Services, Docker
Containers

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

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

Daria PRIAKHINA, Vladimir TROFIMOV
Modelling System for BM@N computing
infrastructure

Zarif SHARIPOV, Zafar TUKHLIEV
Automation of BM@N Alignment

Alexander AYRIYAN, Viadimir PAPOYAN
Implementation of BM@N PID based on ML

. 2@ Director: S. V. SHMATOV. Scientific Leader: V. V. KORENKOV

thanks to the DDC,
CICC,NCX &

HybriLIT teams for

computing support

contact email: gertsen@jinr.ru
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Sl user cabinet

external users

aaaaaa

o 3 staff =
login.intru - - - —— & external users I TR m readers
(JINR Single Sign-On)) NS \\Q
JINR SSO bmn-user.jinr.ru
Wiki
Document
. Server

54 Users
O

7 Services
o

Electronic Logbook

=

J_
]
g’

Condition Database

- J//
Geom’et@iatabase E}i B|!w @ - ﬁ
ry L/) orum

Configuration
System Event Catalogue

14 Groups.

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

BM@N Software Ecosystem

X PROXMOX - _
Official BM@N Web Site
‘* bmn.jinr.ru
docker

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
bmn-task.jinr.ru

O

NICA-Scheduler
bmn-scheduler.jinr.ru

Tango Viewer
bmn-tango.jinr.ru

BM@N
Collaboration

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
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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/

CLOAK
JINR $SO

BmnRoot :
framework

DIRAC

-+
Web 66, [“] curl://
Interfaces _ REST API

database | query

{JSON} query | result
GET

Experiment Databases (I5)

——
|

Electronic Condition Geometry
Logbook Database Database

Event Metadata Online Configuration
System System

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

Software Distribution

Monitoring Sy stem

2 ’
staff !i @ job with token
external users > k >

production

Weorkload
Management System

job with token

@ OpenAPI specification
Swagger — Documentation
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Monitoring System for BM@N

{9 88 BM@N Database Monitoring: In Detail ~ mon-se rV| ce J | nr.ru e | o =

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

3.00%
015 | | 400% |
010 | { 200%
| . adl | |
205 MR MY W UM R T 4 200% yw'ﬂ W’“ﬁ:rﬁw‘.“'ﬁ"
e e -mf.".cf‘ LR W 1.00%
W (] %
08:00 09:00 10:00 11:00 12:00 13:00 08:00 09:00 10:00 11:00 12:00 13:00 o
A — simple select, sec = usermode = systemmode = waiting for /O 0800 0900 10:00 11:00 1200 13:00

Database: Number of connections

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

600
400 .
=3 260 568

368 —

04—
08:00 09:00 10:00 11:00 12:00 13:00 2.50 25% o8

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

== rows returned == rows felched == rows inserted = rows updated 245 0%
08:00 09:00 10:00 11:00 12:00 13:00 08:00 09:00 10:00 1100 12:00 13:00

rows deleted == available == used == active

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

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

* hosts

10K

1K
100

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

50 MB

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

: —— : SR— e web-sites

3.0kB/s

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

Database: Cache hit (per minute) Server: Number of processes

100

75

50

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

[Alerting] PGSQL response time alert Grafana 2:01 PM
Service Monitor on CentOS7: server1 - PGSQL state changed to *** ... © 7 h@yandex.ru 1:54 PM
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BM@N in the 15f physics Run
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The BmnRoot framework is
developed for realistic event
simulation, reconstruction of

experimental or simulated data

and following physics analysis of
ion collisions with a fixed target
at the BM@N facility.

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

embedded services on Python

O Magnet SP-41(0)

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

I SiBT, SiProf (5, 6)

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

0@ CSC 1x1 m* (10)

O TOF 400 (11)

O DCH (12)

O TOF 700 (13)

B Scwall (14)

® FD (15)

@ Small GEM (16)

@ CSC 2x15 m' (17)

B Beam Profilometer (18)
B FQH (19)

O FHCal (20)

E HGN (21)

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