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# Beams: from p,d' to Au”°* # Fixed target experiment: BM@N (2018)
# Luminosity: 1027 (Au’°%), 1032 (p) cm™2s71 # 2 interaction points: MPD (2023) & SPD (>2025)
# Collision energy: \/Syn,, =4 — 11 Gev Ej,, =1 -6 AGev # Official site: nica.jinr.ru
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Information Systems for online & offline processing
BmnRoot | MPDRoot | SPDroot <
Run Control System

Online Histogramming
Event Display: offline/online...

Configuration IS (2021)

o n I i ne & Offl i ne Event Metadata IS (2020-2021)

Experiment Systems

ometry IS (2019-2020)

Condition IS (2020-2021)

RFBR Grant 2019 — 2021: Development of Information Systems for Online and
Offline Data Processing for the Experimental Setups of the NICA Complex
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~1000 raw files, ~2000 ROQOT files, various parameter data

# File name Events Start Time End Time Average Rate BField detales
1 runcB88.data 49766 2013-03-15 08:05:39 2015-03-15 08:24:28 44.08 0.05 detales
2 runG87.data 3643 2015-03-15 07:56:49 2015-03-15 08:04:39 71.75 0.06 defales
3 runeB6.data 744 2015-03-15 07:49:25 2015-03-15 07:56:16 1.81 0.07 detales
4 runG85.data 6599 2015-03-1507:39:01 2015-03-15 07:45:37 16.66 5530 detales
5 runtg4.data 303520 2015-03-1507:11:16 2015-03-15 07:38:37 184.96 59.79 detales
6
7
g
9

Target Field Curr A Field Fact.  File size
run6s2.data 10796 2015-03-15 06:58:37 2015-03-15 06:59:02 431.84 59.80 defales

UNGB1.data 49976 2015-03-15 065517 2015-03-15 06:56:08 30106 5978 getales <O 500 100 H3M e.g. noise channels
run680 data 61053 2015-03-15 06:51:37 2015-03-15 06:5505 29352 5978 detales Cu 900 1,00 289 M
run675.data 9633 2015-03-1506:30:37 2015-03-15 06:30:44 137614  59.80 detales - 600 067 DIM  sennizoe B
10 run672.data 59162 2015-03-15 03:44:00 2015-03-15 03:48:14 23292  59.75 defales - 800 0.89 23 M 1 run row -
11 run651.data 59161 2015-03-15 03:44:00 2015-03-15 03:48:14 23292 59.75 detales - 00 100 226 M 2 slot chan.
12 run650.data 500572 2015-03-15 02:41:14 2015-03-15 03:36:26 15114  59.72 detales - 1000 111 231 M 3
13 run640.data 517970 2015-03-15 01:47:00 2015-03-15 02:40:26  161.56  50.73 detales - 1100 122 223 M 4 o7 2
14 run648.data 540761 2015-03-15 00:49:47 2015-03-15 014538 16137  59.71 detales _ 1200 133 M - PP 33-48
15 run647 data 524991 2015-03-15 00-04:47 2015-03-15 00:48:37 19962 5970 detales i 1100 122 218 M g 16 49-64
16 run646.data 508602 2015-03-14 23:17:23 2015-03-14 23:5913 20263  59.70 detales i 1100 122 2AA M . .
17 run645.data 378469 2015-03-14 22:25:44 2015-03-14 23:10:37 14054 5069 detales - 1100 122 ey 9 e o564
18 run644 data 512338 2015-03-14 20:-26:54 2015-03-14 22-01:55  89.87 5963 detales
19 run643 data 505324 2015-03-14 19:34:33 2015-03-14 202636 16181 5961 detales - 1100 122 156 M B
20 runB42.data 454358 2015-03-14 18:48:03 2015-03-14 19:34-15 16391 5957 detales - 1000 L1l a1 152 2
21 run641data 1765 2015-03-14 18:47:43 2015-03-14 18:47:45 88250 000 detales - 1000 L1l 210M ; iz ig:gi
HTML 258 d - 900 1.00 3126 M 4
262 d Cu 900 1,00 194 K B ... i
266 d Cu 1100 122 124 M _5 16 49-64
270 d Cn 1100 122 249 K -
271 d Cu 1100 122 127M 8 172 2
19 9 40 41
20 10 57
Excel 21 v
Ln: ! Dos\Windows UTF-8 INS
Technical Run 1 Text
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Why should a database system be used?

The lacks of the used file storing approach:

\/
000

parameter data of the experiment is distributed between many subdivisions — it is
difficult to find nececcarv ahcent infarmatinn far the nther ciihdivicinng

required
text)

Yy, html, excel,

paramet > will not know

about ch
geometr

the usag ation in

different
sequenti
no mech

it is difficult to access and manipulate the data: one needs some dedicated
programs

uncontrolled concurrent access by multiple users often leads to inconsistencies
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Evolution of the

Ellirun_geometry

ESishif Ewn
Tshift_id: INTEGER ! Bgeometry_id: INTEGER

session_number: INTEGER (FK) #— —

sessian_number: INTEGER (FK) = ¢ ot try: BINARY

w N e — fle_path: VARCHAR(200)
FIO: VARCHAR(40) - beam_particle: VARCHAR(10} E3/simulation_fie
stan_datetime: TIMESTAMP targat_paricle: VARCHAR(10) - p
end_dstetime: TIMESTAMP energy: FLOAT Efie_id: INTEGER

responsibiity. VARCHARIZ0 stan_datetime: TIMESTAMP >

end_datstme: TIMESTAMP :‘:;:f;f‘m\"éi‘rﬁ;[;gﬁ;wm
event_count: INTEGER beam_paride: VARCHAR(10) 3

2Ed:;:tr:[‘oxrscsk oo ertile: VARCHAR(10) ElSigeomety_shape E17igeometry_parameter
cometry_id: INTEGER (FK] enesgy: FLOAT THshape_index: INTEGER Tnode_id: INTEGER (FK)
El & i centralty: VARCHAR(10} & INTEGER
2 CAREO parameter_type:
event_count: INTEGER shape_name: VARCHAR(20)
i shape_desc: VARCHAR(S0) parameter_value: FLOAT . . .

fle_desc: VARCHAR(3D)
Fia_sz=._ kb FLOAT
E@imap_1dim T_ _ |
b s Etlgeometry_node LITTLE WHILE LATER THEY WALK OUT.
seral_hexx VIARCHAR(20] Thinode id: INTEGER
plane: INTEGER Bsession_number. INTEGER (FK) node_name: VARCHARZE) BECAUSE THEY COULDN'T FIND A
map.group: INTEGER Setecior._name: VARCHAR(D) EfEldsiectar_parmmeier | parent_nede_id: INTEGER
ometry | media_name: VARCHAR(20} (FK)
: INTEGER (FK) |

Shor: - E13/detactor =
EINECER  en | (evmmm ) “Bdetector_name: VARCHAR(1O) FK) s medianar
o ot INTEGER Trun_number: INTEGER (FK) U INTEGER (F} e —
e hgh: INTECER b B parameter_id: INTEGER FK) ame: VARCHAR( % gy
2dim [ parameter_value: BINARY node_id: INTEGER (FK) i
Eman_id: INTEGER (FK) v ki Sl s - database

Hmap_row: INTEGER E;:i:xmm, T TEmedia_name: VARCHAR[20)
‘serial_hex: VARCHAR(20] Stector_name: VAR a densiy: FLOAT i
channel INTEGER manufacturer_name: VARCHAR(30) Fediaton_Jangth: FLOAT dEVE|Ope S JOke

f_channel: INTEGER

channel_size: INTEGER

= INTEGER

v INTEGER ‘
connected: BOOLEAN

responsible_person: VARCHAR(40)
desciption: VARCHAR(30)

interaction_length: FLOAT
sensiivity_fiag: INTEGER
fieki_flag: INTEGER
fiekd_max: FLOAT
ang_deviation_max: FLOAT
step_max: FLOAT
— — —  eneray_loss_max FLOAT
ing_precision: FLOAT
AT

E12/parameter_

B parameter_id: INTEGER

parameter_name: VARGHAR(20)
NTEGE

Efftango_parameter
“Bitango_parameter_id: INTEGER b_en
step_min: FL
detactor_name: WARCHAR(10] (FK) N - "
1 r V paramatar name: VARCHAR(10) E19/medis_slement media_desc: VARCHAR(S0)
" paramater_datetme: TIMESTAMP “Helement_id: INTEGER
parametes_valus: BINARY media_name: VARCHAR(ZO) (FK) detector geqnetries run_ e S

stomse_weight: FLOAT

— === | oty T aretage ™ 0 | || [aseon nrecer
! Egeometry_id: INTEGER — file_path: VARCHAR(200
ESehift, =~~~ Eror, momber INTEGER = —— L file_path: VARCHAR(200) gegzrator name'VA(RC?—]IAR(ZD]
Thshit_id: INTEGER, run_number INTEG root_geometry: BINARY beam_pariicle: VARCHAR(10) 2 L AL,
o sessien_number: INTEGER (FK) #— — target_particle: VARCHAR{10) eam_particle (10)
F'.‘ET'@;‘;T%“:E{:‘:’-FFEGER FOe - fle_path: VARCHAR(200) > energy: FLOAT target_particle: VARCHAR(10)
<tan_catetme: TIMESTAMP ‘ :’:,::;';iﬁ:i‘(’,i’éé:fég% Ed/smulation_fle fun_pen start_datetime: TIMESTAMP energy: FLOAT
end_datetime: TIMESTAMP —® ey FLOAT : fle_id: INTEGER period_number. INTEGER end_datetime: TIMESTAMP centrality: VARCHAR(10)
responsibiity: VARCHAR(20) ‘ ‘ stant_dstetime: TIMESTAMP oot VARCHARIZO0) = avent count INTEGER event_count INTEGER
| | end,f;mmrta-wprr\QESELAMp generator_name: VARCHAR(ZO) start_datetime: TIMESTAMP field ;uhage ELOAT file_desc: VARCHAR(30)
event_count: > T VARCH % i ) .
| fieid_cuman: INTEGER e ey end_datetime: TMESTAMP fle. Size: FLOAT file_size: FLOAT
Fle_size: FLOAT ” ’ o :
isession_numbes: INTEGER 1 - b energy: FLOAT - geometry_id: INTEGER (FK) - -
geomary_id: INTEGER (FK) . . .
start_datetme: TIMESTAMP i) run info e simulation data
end_datetme: TIMESTAMP fle_desc: VARCHAR0) 'I +
fle_size_kb: FLOAT
dim S detector_paramster
ks @ INECER (0 detector_ Fvalue_id INTEGER
sedal_hex: VARCHAR(20] “Edetector_name: VARCHAR(10) . o detector_name: VARCHAR(10) (FK)
plane: INTEGER Bsession_number: INTEGER (k) arameter_id INTEGER (FK)
map_group: INTEGER Adetector_name: VARCHAR(10) (FK} E18/detector_paramater description: VARCHAR(30) gtart penca' INTEGER (FK)
slot. INTEGER - . | :
channel_low: INTEGER %“‘mm-;“m-_r‘égg;‘";@“v K start_un INTEGER (FK)
channel_high: INTEGER ﬁ'“"f"‘” = P d d: INTEGER (F
T———— parameter_id: INTEGER (FK) ] parameter end_perio (FK)
E;“l d‘r\rNTECER (FK) = Bparameler_id: INTEGER Ezd;;r;IIPIJJTESgE;FK]
map_id: c J =
Wemap_tow: INTEGER Edidetecior_ parameter_name: VARCHAR(20) | __,| channel INTEGER
serial_hex VARCHARIZ0] Bderector_name: VARCHAR(1D) parameter_type: INTEGER parameter_value: BINARY
'chshmm‘- I\NTNECEEPER manufacturer_name: VARCHAR(30)
{_channel 5 — — — — — 1 responsi = C 3
channel_szs: INTEGER e e D E12/paramerer_ detectors & parameters
;:&EE;‘ BEparameter_id: INTEGER
is_connected: BOOLEAN parameter_name: VARCHAR(20)

parameter_type: INTEGER tango_parameter

E6/tango_paramatar
Thtangoe_parameter_id: INTEGER Tdetector_name: VARCHAR(10)
— — Eparameter_name: VARCHAR(20)

::::ﬁ'::;:‘i’;i:%i‘%ﬁi[éﬁc[rm Eparameter_datetime: TIMESTAMP
parametar_datetime: TMESTAMP
parameter_value: BINARY

2nd rev. | srem—me 3rd rev. Crr morons <~ TANGO PostgreSQL

parameter_value: BINARY
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Purposes of the Condition Database

# central data storage for offline data analysis (and may be
online tasks) in the experiments of the NICA project

# unifled access and data management for all collaboration
members

# correct multi-user data processing

# ensuring the actuality of the information being accessed
(sessions and run parameters, technical and calibration data,
etc.), data consistency and integrity

# excluding the multiple duplication and use of outdated data

# automatic backup of the stored data

8 July 2021 K. Gertsenberger 8



run_period

run

o 2 N
Bperiod_number: INTEGER (FK)

Erun_number: INTEGER

Eperiod_number: INTEGER

start_datetime: TIMESTAMP

file_path: VARCHAR(200)
beam_particle: VARCHAR(10)
target_particle: VARCHAR(10)
energy: FLOAT
start_datetime: TIMESTAMP
end_datetime: TIMESTAMP

simulation_file

Efile_id: INTEGER

file_path: VARCHAR(200)
generator_name: VARCHAR(20)
beam_particle: VARCHAR(10)
target_particle: VARCHAR(10)
energy: FLOAT

centrality: VARCHAR(10)
event_count INTEGER

I\

end_datetime: TIMESTAMP

event_count INTEGER
field_voltage: FLOAT

file_size: FLOAT \\
file_md5: UNIQUEID

file_desc: VARCHAR(30)
file_size: FLOAT
file_md5: UNIQUEID

'\

run info S — \ simulation data
— ~.
N
detector_parameter
LR detector_ Svalue_id: INTEGER
| baseclass | Edetector_name: VARCHAR(10)
— — ®  detector_name: VARCHAR(10) (FK)
description: VARCHAR(30) parameter_id: INTEGER (FK)
Boolvalue ‘ BinaryValue ‘ ‘ TriggerMapValue ‘ Stan—perIOdTlgg.EEgEFR (FK)
start_run: IN (FK) \ &
Intvalue ‘ 1IValue ‘ ‘ MapBoolValue ‘ parameter— - end_period: INTEGER (FK)
Hparameter_id: INTEGER end run: INTEGER (FK)
UlntValue ‘ DchMapValue ‘ ‘ MaplintValue ‘ parameter_name: VARCHAR(ZO)
| | DoubleValue ‘ GemMapValue H MapDVectorValue ‘ parameter_type: 'NTEGER
{ StringValue ‘ GemPedestalValue ‘ ‘ LorentzShiftValue ‘ detectors & paramters

The following solutions were considered
to replace old packed structures:
ZeroMQ, MessagePack, BOOST,

Protobuf, FlatBuffers, ROOT/TStreamer,

C++ manual serialization.

8 July 2021

storing information on
experiment sessions and runs,
detectors, parameters and

parameter values, and generated

simulation files

K. Gertsenberger

pointer to
SIM storage level

pointer to
EXP storage level

pointer to
Parameter Storage

@ PostgreSQL 12
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The software BmnRoot, MPDRoot
and SPDroot are developed for
event simulation, reconstruction
of experimental and simulated
data and following physics analysis
of particle collision events
registered by the detectors at the
NICA collider.

C++ classes, Linux OS support,

based on ROOT and FairRoot

Vo ECal Endcap

PID Endcap

Beam pipe

Sol magnet

TR Endcap

RS Endcap

The frameworks are available at GitLab@JINR: https://git.jinr.ru/nica/

8 July 2021
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Application Programming Interface (C++ API)

Autogenerated class wrappers for database tables with specific functions allow
to access and manage data without SQL statements in experiment software

UniDbRunPeriod — describes run periods (a set of runs) of the experiment

UniDbRun — run parameters (number, time, energy, beam, target, magnet field, file path, etc.)

UniDbDetector — detectors of the experiment (detector dictionary)

UniDbParameter — common information about detectors’ parameters presented on the previous

slides and stored in the database (parameter dictionary)

UniDbDetectorParameter — values of detector parameters for experiment runs

UniDbSimulationFile — describes a set of generated simulation files

The main functions of the database interface:
for data objects (static): Create, Delete, Get, Search, PrintAll.
for attributes (non-static): Getters and Setters functions, Print.

# integrating the database with experiment frameworks based on the ROOT package
# using stored information in offline (and online) event data processing
# implementing a convenient search for necessary information by various criteria

8 July 2021 K. Gertsenberger 11



Condition Database Architecture

detector simulation
raw data processing

h‘ event reconstruction

e it v
ROOT-based P Yo/ anasis users

framework

!

C++ database
interface w/o SQL
(connect, 1/O)

Freel PAi authentication

Beam - Energy - Target distributions

Local Condition Database as a local

replica of the central database and Condition R ) , .
mirroring are under closer consideration Database s e o
python script for auto Web Service
update of simulation file list configuration parameter and
Simulation Data calibration algorithm data g docker

Distribution of simulation files by generators

A HIGHCHARTS

nedee

L

DCMSMM: 7201 files

DCMQGSM: 72927~
files
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Web service for the Condition Database

BM@N Experiment Database

Documentation

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

Account

Konstantin Gertsenberger
Admin

Profile Logout

Experimental Data
Distribution of runs by run periods (show time of all periods

Period 1: 93 runs

Period 3: 204 runs
Period 3: 200 runs
‘ Period 6: 471 runs

Period 7: 2200 runs

Simulation Data

Distribution of simulation files by generators

QGSM: 3044 files

LAQGSM: 6231 files
UrQMD: 15963 files
S HLLE UrQMD: 1389 files

PHSD: 87 files 3FD: 12411 files

Beam - Energy - Target distributions

Period & -

Show Reset

Beam C (E=5.14 GeV/n)
Total: 0.41 MEvents

.41 MEvents

Beam C{E=4.5GeV/n)
Total: 39.14 MEvents
C2H4: 3.02 MEvents

notarzet: 4 62 MEvents C+ 936 MEvents

Pb: 5.36 MEvents ’
Cu: 8.75 MEvents
Al 8.03 MEvents

BeamC(E=4GeVin)
Total: 20.85 MEvents

Pb: 1.24 MEvent;

no target: 1.38 MEvents

C: 5.08 MEvents
Cu: 6.14 MEvents

C2H4: 1.17 MEvents
Al- 584 MEvents

Beam C{E=3.5GeV/n)
Total: 15.19 MEvents

Pb: 0.61 MEw
C:2.60 MEvents
Cu: 4.74 MEvents

no target: 2.92 MEvents

Al 432 MEvent

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

# convenient viewing, managing and searching for up-to-date information on
the NICA experiments in tabular view by collaboration members

8 July 2021
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Parameter Values of the BMEN experiment
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Detector List of the BM@N experiment List of the BM#N experiment
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NCX LHEP Farm

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

sim dst

digitizer
reconstruction
simulation
analysis

SGE: 5 040 iX slots (al) l
[l
I

J
/ replica MICC Complex )
1
( L] ! N
Archive I Software Distribution
/ cicc Tape (CVMFS)
complex Storage < ._I
EOS 1PB raw—digi —
raw digidst | digi—dst d:gltl?er
sim dst - Ssim—dst I reconstruction
dst—ana simulation
LT Torque: 1 000 iX slots (all l analysis
Uy
Uy
W J ] ~N
HybrilIT
platform ] ! raw—digi
[ " Lustre ssp | g digi—dst
. 30TB sim—dst
, ) dst—ana
ZFS SLURM: 8 448 iX slots (@l)6
100 TB 048 KNL slots (all)
R . 40 GPU Nvidia Tesla ()
" Fast Transient
Storage
NN
/
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Monitoring Service

_ Monitored Host(s),
mon-service.py Sites & Databases

= ICMP ping
PG-SQL request

Q‘E o fo forasl
Mail server @ InfluxDB et meﬂ‘ON"'

* Monitoring Service Features

* Ping and PG-SQL request to check
database server status

* Configurable via JSON file

* Email notifications
w Grafana * Response time stored in InfluxDB

* Use Grafana for visualization and
additional alerting

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

@ Telegraf
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Monitoring Information Systems

{5 88 BM@N Database Monitoring: In Detail « mon-ser\/ice.jinr_ru i el 1S o TEE Gl’afana

BM@N Information Systems ! Database: Response time . Server: CPU usage * Server: Load average (past 5 minutes) =
+ 025 6.00% 4.00% IeW
020 1
3.00%
018 | | 400% |
1o L B A L~ Lo i T T \TTY Aucxhywj.%u\\‘w p ) 200%
005 My "m il TN L Y § LWy A I
-~ oy -mf,'.cr«‘(' ,"w i s 1.00%
W (] 0%
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
— simple select, sec = user mode == systemmode == waiting for /O 08:00 09:00 10:00 11:00 12:00 13:00

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

600 0GB

8GB

400
=3 260 568

. 368 —
r 5%
08:00 09:00 10:00 11:00 1200 13:.00 250 25 .
== rows retuned == rows fetched == rows inserled == rows updated 245 0% 08.00 09:.00 10:00 1100 1200 13:00

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: Number of buffers

Database: Transaction count (per minute) Server: Disk usage Server: Memory Swap

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

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
- mitted = ians rollbacked = butfers written by the background writer L & T WY ED R = swaptotal = swap used

Database: Cache hit (per minute)

Server: Number of processes Server: Network activity ! Server: Network errors
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Historical Preservation Configuration and
of Parameter Values Deployment System
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_ _ The common Configuration and Deployment
Parameter values need to be retained in _
_ System is planned to be based on Docker
case of updating. When parameter values . ,
containers and shell scripts
are updated, the database saves the

replaced data with the current expiry date. It allows to conveniently deploy the
Condition Database and its services for all the

experiments of the NICA project taking into
account some specifics of the experiments

It allows to repeat event data processing
with outdated parameters used in the past
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Metadata Application
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The Condition Database developed on PostgreSQL is an important component of
implementing complex of the information systems and a centralized storage to provide
unified access and management of various parameters of the experiments for event
data processing, including simulation, reconstruction and physics analysis.

The current version of the Condition Database has been deployed in the NICA cluster of
the Laboratory of high-energy physics and is actively used in distributed data processing
of the BM@N experiment, the first experiment of the NICA project.

The C++ interface (API) has been implemented to use information stored in the
Condition Database for processing of simulated and experimental data in the experiment
frameworks based on the ROOT environment.

The Web service, single authorization and monitoring systems have been already
developed to simplify viewing and managing information on the experiments by users
over the Web.

The Common Deployment System and additional services are under development to
install the Condition Database for all the experiments of the NICA project taking into
account some specifics of the experiments.
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