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Pacuap gactuuhl 2 B TodyRe A Ha yactuny S5 i Heii-
TPaJBHYIO YacTHILY B HampasIeHHH AB odeHbs X0pomio
coryacyercsi ¢ KHHEMATHKOIl pachmaja I-rHOepoHA.
Crxen 3—oro caen m*-mesona. HeiiTpanpuas wactmia
Ha paccroAnmm 7,7 MM OT TOYKH pacmaja obpasyer
B TOYKe B BHICOKOIHEPrAYHYI0 MECTHIAVYEBYIO 3Be3qy
(carenm 8—13).

dHeprus, yHeceHHAsA TOJABKO 3apA/KeHHMMHE YaCcTH-
uamn (1483460 Mae), namuoro Go/biie KHHETAYECKOI
oHeprun HeiitpansHoii wactmus (9404100 Mas). Ilo-
aTOMY HeliTpaJbHAfS YacTHIA ONpeieieHa Kak anTH-
HeiiTpon. B mpepnonoskennn, ‘910 4acTh SHEPTHH YHe-
ceHa HeHTpoHAMH M T -Me30HaMH, SHEepPruA B 3Besle
nmocjie ydyera SHEPIHH CBA3HM HYKJIOHOB B AJpe Olpe-
nenena Oonxee 9eM B 2300 Mas. Ira pmeprasa Oiamaka
K OHeprHH AHHHTHJIAIHE AHTHHETpOHA.

Hambonee BeposaTHOil peakuueil B Touke B Gyjer:

n+c—> Hey+4p+3n+n*4n—4-nac.

Orciona caenyer, 4to B To4ke O NepBHYHEKIH n—-
Me30H o0pa3oBal [0 CHX [Op He HaOJIOABIIYIOCH
YacTALy aHTHCHTMAa MHHYC THIEPOH, paclajaloniyiocs

B To4Ke A 1o cxeme X~ - mt--n. llpucyTcreue IBYX
HelTpaibibXx K-Me30HOB MO3BOJIfeT 3amHcaTh peak-

IHI0 POMKIEHHSA E’—I‘HHEPDHH cIeiylonuM o6pasom:
e — f‘—|— h°+i°-{- K-+ ptnat4n ...

Orpunarenbnas dactuua (caen 6) onpemenena kax K-
(mo coobpaskennAM CcOXpaHeHHA CTPAHHOCTH).
Jlas BpeMeHH JKH3HH 9TOro X--rHOEpOHAa HOTY-






Big data for Higgs disco

H =y

One inverse femtobarn (fb ) corresponds to
approximately 100 trillion (10*?) proton-proton collisions.
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https://writing-guidelines-old.web.cern.ch/entries/trillion.html

Big data for QCD phase transition

Studying the Phase
Diagram of QCD
Matter at RHIC

A STAR white paper summariting
the current understanding and

describing future plans

D1 June 2014

Beam Energy

Collider or

ne

Run Time

Vsun (GeV) (GeVinucleon) | Fixed Target | Yoenerctmass wov) | (cays No. Events Collected (Request) Date Collected
200 100 c 0 25 | 20 138 M (140 M) Run-19
27 135 c 0 156 | 24 555 M (700 M) Run-18
19.6 9.8 C 0 206 | 36 582 M (400 M) Run-19
17.3 8.65 G 0 230 | 14 256 M (250 M) Run-21
14.6 7.3 c 0 262 | 60 324 M (310 M) Run-19
137 100 FXT 269 |276| 05 52 M (50 M) Run-21
15 5.75 c 0 316 | 54 235 M (230 M) Run-20
15 70 FXT 251 | 316 | 05 50 M (50 M) Run-21
9.2 4.59 c 0 ar2 | 102 162 M (160 M) Run-20+20b
9.2 44.5 FXT 228 |a72| 05 50 M (50 M) Run-21
77 3.85 G 0 420 | 90 100 M (100 M) Run-21
Py 31.2 FXT 210 | 420 |25+10% 150 M+ 112M+100M (100M) | Run-19+420+21
7.2 26.5 FXT 202 | 443 |esbum 155 M +317 M Run-18+20
6.2 19.5 FXT 187 | 487 | 14 118 M (100 M) Run-20
5.2 13.5 FXT 168 | 541 | 10 103 M (100 M) Run-20
45 9.8 FXT 152 | 589 | 09 108 M (100 M) Run-20
3.9 7.3 EXT 137 | 633 | 1.1 117 M (100 M) Run-20
35 5.75 EXT 125 | 666 | 09 116 M (100 M) Run-20
3.2 459 FXT 113 | 699 | 20 200 M (200 M) Run-19
3.0 3.85 FXT 105 | 721 | 46 |259M->2B(100M->2B) | Run-18+21




Experiment simulations

Simulation, the third way to scientific knowledge after theory and experiment.
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LHC experiments

ALICE - Aliroot

LHCb - Gaudi



CBM experiment in GSI (2004 )

CBM - cbmroot



NICA @ Mpd 2007

BM@N (Detector)
Extracted beam
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MpdRoot history

e PR e | o
u Panda decided to
Start test g Join = oct. EIC (Electron SOFIA SHIP (Search
the VMC Fa|rRIc()ot: t]:ase R3B lon Collider (Studies On for Hidden SPD@NICA
ackage for . 161 1 . . e
concept for epxperirgn e joined BNL) Fission with Part tles) joined
CBM Aladin)

R R E SN NS

|| || | = || ||
First MPD@NICA ASYEOS GEM-TPC ENSAR-ROOT BM@N@NICA
Release of started with joined separated Collect bn of started with
CbmRoot FairRoot from PANDA modules used by FairRoot
branch structural nuclear
physics exp. |




FAIR experiments
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MpdRoot structure

FAIRRooOt

Active:
TPC
TOF

FHCal
EMCal

MPDRooOt

[Virtual MC =

r

RunTime
DataBase

PostGreSQL

Configuration,
Geometry, Parameters,

TOF
FHCal
EMCal

Const Field
Field Map

FFD

UrQMD
DC-QGSM
3FD
VHLLE
PHSD
Shield

Tracking
ClusterFinder
Digitizer

Physics
Analyses

—

-/

Event
Display
server
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MPDroot deployment

19



Centralized build of mpdroot

Requirements:

we want to deliver latest version of MPDroot to the users,
all dependencies have to be satisfied and no version clashes,
results need to be repeatable

Solution:

® CVMFS - robust distribution of software not only between
clusters/supercomuters

@ aliBuild — set of tools for building software together with its

dependencies
® toolbox — rootless wrapper for podman (docker). Supported
on most linux-based systems. On MacOS and Windows one
can use docker

@ EnvironmentModules — environment enabling loading multiple

versions of the same software with its dependencies

20



MPDroot installation

"

[user@fedora ~]$ w y I
--2021-12-02 @0: -~ https://git.jinr.ru/ni

2021-12-02 00:00:02 (87.9 MB/s) - ‘nica-init.sh
[user@fedora -]

Installing toolbox on Fedora 38

[sudo] password for user:

INSTALLATION SUCCESSFUL
How to use:

. Enter toolbox container by:
toolbox enter c7-nica-dev

. Load MPDRoot environment as a user by:
[user@toolbox ]$ module add mpdroot

or MPDRoot environment as a developer by:
[user@toolbox ]$ module add mpddev

[user@fedora

INSTALL CVMFS AND TOOLBOX
(Users and Developers)

bian 11, Manjaro 21

S, Almalinux, Ubuntu 22.04, 2004, D

ca-init script, for example

-init.sh

' saved [10794/10794]

&@;' ‘ I’%E’
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Geant TPC geometry

Drawing

Geant geometry

35 000 nodes
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MPD geometry




MPD geometry

FFD
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Geant TPC Electronics Simulation

Each board:

3,5 mm Textolite

Flat cable:

0,1+0,1 mm
Polypropylene
Insulation

0,15 mm
Copper wire

Connector to
Pads plane:

Plastic + Air gap

25



isplay

MPD EventD




MPD EventDisplay: dst events

Visualization
of the experiment

27



MPD TPC clusterfinder

Control room & elsewhere in the universe

Detector front-ends

|

Level 1 Trigger

D | > TPC fast
A ¢ clusterfinder
Q High Level Trigger
’ . T e
_ S Event display
Event builder - server

Storage

32



TPC online fast clustering
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B Reconstructed Hits
B Recognized Hits

MLEM cluster finder

Fast cluster finder
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TPC online dashboard

TPC eventdisplay

JavaScript
ROOT

TPC detector control system (DCS)
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TPC online monitoring

39



TPC dashboard

TPC sectors time buckets
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MPD databases

v List of MPD members & authors
v MC events mass productions

v LogBook for Experiment

v TPC geometry

v TPC calibration

v TPC alignment parameters

v TOF calibration

v ECAL instrumentation

V EEEnR

MPD geometry alignments DB

Home TPC alignments TOF alignments

MPD

Collaboration list

7
GG’JJSE"HB‘T
Oy
Iy
F'asswoéG
s
MPD e-Log
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Computing resources

UNAM MICC basic facility

ODIRAC

o 8

che J

.

/ THE INTERWARE
P

_/
* NICA offline cluster 300 cores(limit for users)
*  GOVORUN up to 3260 cores in last production
* Tierl 920 cores
* Tier2 1000 cores
* Clouds(JINR and JINR Member States) 70 cores
*  UNAM(Mexico University) 100 cores
* National Research Computer Network of Russia (now resources from
SPBTU and JSCC) 672 cores - New resource
Mass production storages integrated in Dirac File Catalog have size 2,3 PB.
J




“MPD—

MPD mass production 2019-2023 summary

jobs

Running jobs by Site

161 Weeks from Week 38 of 2019 to Week 43 of 2022

2,500

2,000

1,500

1,000

500 -

Dec 2019 Apr 2020

@ DIRAC.JINR-TIER.ru
B DIRAC.JINR-CREAM.ru
B DIRAC.GOVORUN.ru
B DIRAC JINR-LHER.ru

31.2%
33.6%
26.7%

21%

Aug 2020  Dec 2020  Apr 2021

[ DIRACNIKS-JSCCoru
O DIRAC.UNAM.mx
E CLOUDJINR.ru

B CLOUD.MNOSU.ru

Aug 2021  Dec2021  Apr2022  Aug 2022

Max: 2,725, Average: 411, Current: 383

0.4%
0.1%
01%
0.0%

B CLOUD.INPkz 0.0%
B CLOUD.INP.by 0.0%

Generated on 2022-11-03 06:27:53 UTC

Jobs

B Govorun M Tier1,2 M NIKS ® Clouds B NICA M Mexico



MPD data mass production

Generator

DCM-SMAM
PHOMD
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BB fix
target

BB fix
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XeW fix
target
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target
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MPD mass production database “MPD—

http:/ldb-nica.jinr.ru/mpdmc/stat.php

31 mass production requests were done

7.7 Gev 43Gev

o5 5 Gev
196 Gev - 4.7 Gev 9 Ge
. | v
{1 . 56Cev
1 T 11 Gev
L ~ 4Gev
) 9 Gev N 7 Gev
11.5Gev — T2 9.2 Gev BAQGHSp G,
PHQMD
11.5 Gev 9 Gev
VHLLE! Urom "
%Generator —— Reconstructedyromp
Data . Data
Sm | VHLLE_UrOMD
~\ T 11 Gev
UE@IE t 11 Gev
‘ 7.7 Gev
7.7 Gev
Y Gy r— ‘ 9 Gev

95Gev ~ 9.2 Gev o

All production data stored in Dirac File Catalog



Physics analyses with the big data set

R/ . . .
** Centralized Analysis Framework for access and analysis of data:
v consistent approaches and results across collaboration, easier storage and sharing of
codes and methods

v" reduced number of input/output operations for disks and databases, easier data
storage on tapes

* Analysis manager reads event into memory and calls wagons one-by-one to modify
and/or analyze data:

o @

\ Amigy
i vk g i_i i_-




Physics analyses

Global observables Spectra of light flavor and Correlations and
Hypernuclei Fluctuations
Total event multiplicity
Total event energy Light flavor spectra Collective flow for hadrons
Centrality determination Hyperons and hypernuclei Vorticity, A polarization
Total cross-section Total particle yields and E-by-E fluctuation of
e yield ratios multiplicity, momentum
Event plane measurement Kinematic and chemical and conserved quantities
at all rapidities properties of the event Femtoscopy
B ot nleanrraa Mapping QCI) Phase Diag. Forward-Backward corr.
Jet-like correlations
Heavy flavor

Electromagnetic probes

* Electromagnetic calorimeter meas.

* Photons in ECAL and central barrel

* Low mass dilepton spectra in-medium
modification of resonances and
intermediate mass region

Study of open charm production

Charmonium with ECAL and
central barrel

Charmed meson through
secondary vertices in ITS and
HF particles

Explore production at charm
threshold
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