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HEP experiments data flow

Experiment software development is a key task
for the whole experiment life.
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The FairRoot framework is an object oriented simulation, reconstruction and data analysis framework
based on ROOT. It includes core services for detector simulation and offline analysis. The framework
delivers base classes which enable the users to easily construct their experimental setup in a fast and
convenient way. By using the Virtual Monte Carlo concept it is possible to perform the simulations using
either Geant3 or Geant4 without changing the user code or the geometry description.
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The basic idea of FairRoot is to provide a unified package with generic mechanisms to deal with most commonly used tasks
in HEP. FairRoot allow the physicist to:

X Focus on physics deliverables while reusing pre-tested software components.
X Do not submerge into low-level details, use pre-built and well-tested code for common tasks.
X Allows physicists to concentrate on detector performance details, avoiding purely software

X engineering issues like storage, retrieval, code organization etc.
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External packages

cmake
gtest
gsl
icudc
boost
Pythiab
HepMC
Pythia8
Mesa
Geant4
xrootd

ROOT

3.11.1
1.7.0
1.16

53.1
1.67_0
416
2.06.09
212
7.10.3
10.04.p01
4.8.3

6.12.06

+ Python support

Releases update every half a year

Geant321+ _vmc
VGM

G4VMC
MillePede
ZeroMQ
Protocoll Buffers
nanomsg
FlatBuffers
MessagePack
DDS

FairMmQ

FairLogger

v2-5
v4-4
v3-6
\V04-03-04
4.2.5
3.4.0
1.0.0
1.9.0
215
20
1.2.3

1:20



FAIRRooOt

MPDRooOt
BM@NRoot
SPDRoot

MPD/BM@N/SPDRoot design

-

[ Geant3 || Geanta || FLUKA |

[Ascu .GEO

ROOT Files
hits, digits,

geometry '

ROOT/ASCII
| configuration

& geometry
I/0
[ Geolnterface ]—[ Run parameters

i Manager Manager

FairRoot PostgreSQL

configuration

Detector || Magnetic Event Event &
Base Field Generator Display geometry
parameters

&
= | |

ITS UrQMD ! o
TPC . BOX igitizer -
TOF Const Field HSD Event ClusterFinder Unified
GEM Field Map Manager || KalmanFilter Database
ECAL ik PID Interface
SHIELD
ZDC HADGEN

<

g

g
|

MpdRoot / BmnRoot / /



mailto:BM@NRoot

NICA HIC experiments frameworks

The frameworks MpdRoot and BmnRoot are developed for the
MPD and BM@N event simulation, reconstruction of
experimental or simulated data and following physical
analysis of heavy ion collisions registered by the detectors.
C++ classes, Linux OS support, based on ROOT and FairRoot

0 Analyzing magnet

1 . Trigger detectors

2 [T MWPC (Muli-Wire Proportional Chamber)
3 [l sT(Siicon Tracker)

4 . GEM (Gas Electron Multiplier)

5 . ECAL (Electromagnetic Calorimeter)

6 . CSC (Cathode Strip Chamber)

7 [ TOF1 (Time-Of-Fiight detector)

8 [ DCH (Drift Chamber)

9 - TOF2 (Time-Of-Flight detector)

10 [l ZDC (Zero-Degres Calorimeter)

The MpdRoot and BmnRoot software are available in the GitLab

https://git.jinr.ru/nica



EXpe I"i ments | nf() http://mpd.jinr.ru/

NICA EXPERIMENTS

TECHNICAL WEBSITE

DOCUMENTS EXPERIMENTS SOFTWARE COMPUTING FORUM vVIDYO

EM@N

Spin Physics [ MpD
(SPD) SPD

Measurements of asymmetries in the lepton
pair (Drell-¥an) production in collisions of
non-polarized, longitudinally and

transversally polarized protons and

deuterons beams are suggested to be [...]




Experiments frameworks  nuwimpdjirnu

NICA EXPERIMENTS

TECHNICAL WEBSITE

MAIN DOCUMENTS EXPERIMENTS

Multi Purpose Detector
(MPD)

The MPD apparatus has been designed as a
4n spectrometer capable of detecting of

charged hadrons, electrons and photons In
heavy-lon colllsions at high luminosity [...]

SOFTWARE COMPUTING FORUM VIDYO

BEMNROOT

MPDROOT Y - d .
SPDROOT |

DATABASES

HOWTO

REFERENCES

CURRENT JOB LIST

TPC \Cryostat
\GEM \IT
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HOW to use http://mpd.jinr.ru/

mpd.jinr.ru/category/software/

MAIN DOCUMENTS EXPERIMENTS SOFTWARE COMPUTING FORUM VIDYO

BMNROOT

; GEM detector
Baryonic Matter at MPDROOT _ planes - Gas

Nuclotron (BM @N) SPDROOT ’:,/ Electron Multiplters

The Nu n at JINR will prov

DATABASES
HOWTO
REFERENCES

CURRENT JOB LIST HOW TO USE GIT mRPC — multi
_resistive plate
.~ chambers

ZDC - zero
 degree
calorimeter

resistive plate
chambers

CONTACTS
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Software installation

NICA EXPERIMENTS

TECHNICAL WEBSITE

DOCUMENTS EXPERIMENTS

Spin Physics Detector
(SPD)

Measurements of asymmetries in the lepton

pair (Drell-Yan) p iction in collisions of

non-polarized, longitudinally and

transversally polarized protons and

deuterons beams are suggested to be [..]

SOFTWARE COMPUTING

EMNROOT

MPDROOT

SPDROOT

DATABASES

HOWTO

REFEREMCES

CURRENT JOB LIST

http://mpd.jinr.ru/

SOFTWARE INSTALLATION

EMNROOT START GUIDE

HOW TO USE GIT
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Compunng resources http://mpd.jinr.ru/

NICA EXPERIMENTS

TECHNICAL WEBSITE

DOCUMENTS EXPERIMENTS SOFTWARE COMPUTING FORUM VIDYO

NICA CLUSTER

. GEM detector |
Baryonic Matter at H planes — Gas

Nuclotron {BM@N] PARALLELIZATION Electron Mu!tiplier'a

The Nuclotron at JINR will provide beams of

heavy ions with energies up to 6A GeV for COMPUTING TDR CPC - CEﬂ"IDdE
isospin symmetric nuclei, and 4.65A GeV far Pad Chambers

R DCH - drift

chambers

mRPC - mu
resistive plal
chambers

ZDC - ze
/ degree
calorime
PC — multi
resistive plate
chambers
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MpdRoot & BmnRoot distributed computing

LHEP NICA Cluster

s =

LIT Tier1 (Ixmpd-ui) LIT HybriLIT (+SC “Govorun®)

Computation component HybriLIT

TOTAL RESOURCES

252CPU cores;
77184 CUDA cores;
182 MIC cores;
| ~2,5Tb RAM;
~ | ~5zTb HDD.

460 log. cores

180 TB distributed file system
(replicated): GlusterFS

batch system: Sun Grid Engine

200 log. cores
distributed file system: dCache SuperBlade Chassis including 10

calculation blades for run user tasks.

batch system: Torque

252 log. cores — 8 000
300 TB distributed FS: EOS
batch system: SLURM

All external packages for MpdRoot & BmnRoot are installed & configured.
MpdRoot & BmnRoot is taken from GIT repository. ~ 100 users
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Distributed computing

NICA EXPERIMENTS

TECHNICAL WEBSITE
MAIN DOCUMENTS EXPERIMENTS SOFTWARE COMPUTING FORUM VIDYO

MICA Experiments = All posts = Computing >

Batch Processing Batch Processing

If you have time-consuming tasks, many simple tasks or a lot of files to process, you can use batch
system on distributed clusters, such as HybriLIT with SLURM, NICA prototype cluster with SGE or
MPD-Tier1 with Torque - to essentially accelerate your work.

If you know how to wark with SLURM (SLURM on HybrilIT), Sun Grid Engine (user guide) and Torque
systems (doc index), you can use shaich or gsub command on the clusters to parallel data processing.
Simple examples of user jobs for SLURM, SGE and Tarque can be found in October 2018
‘macro/mpd_scheduler/examples/batch’ directory in our software. Otherwise, MPD-Scheduler was
developed to simplify running of user tasks in parallel.

SEARCH ...

MPD-Scheduler is a module of MpdRoot and BmnRoot software. It uses existing batch system
(SLURM, SGE and Torgue are supported) to distribute user jobs on the cluster and simplifies parallel jol
executing without knowledge of the batch systems. Jobs for distributed execution are described and 15 16 17 18 19 20 21
passed to MPD-5cheduler as XML file:

% mpd-scheduler my job.xml 22 2 24 = 26 2 2

29 30 31

Example of MPD-5cheduler job:
« Apr

<job name="reco_job">
<macro path="$VMCWORKDIR/macro/mpd/reco.C" start_event="0"

count event="1000" add args="local”>

<file input="5VMCWORKDIR/macro/mpd/evetestl.root"
output="5VMCWOREDIR/macro/mpd/mpddstl.root" />

<file input="$VMCWORKDIR/macro/mpd/evetest2.root"
output="5VMCWORKDIR/macro/mpd/mpddst2.root" /> m

<file sim input="energy=3, gen=urgmd"”

B L e et L L L NP LN
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Multifunctional Information and Computing
Corgplex
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Engineering infrastructure

LIT IT-infrastructure is the one of JINR basic facilities



Computing resources: LHEP

Protected: Cluster monitoring

ONLINE cluster nodes

%Load %Load %Load

Node now Smin 15min Users Uptime{days) Time e it average calculation
ncid: | 585 535 540 7 S 14:30:51 2700
ncl1: | 487 407 405 0 44 1430045 24np
nct3d: | 600 570 572 0 34 14:33:02 S
ncld: | 2302 2312 2321 0 44 14:30:45

1800
ncls: | 500 500 495 o 15 14:29:45

1500
nclh: | 552 531 525 1 15 14:30:04

1200
ncly: | 506 502 523 i) 41 14:30:45
ncis: 774 891 901 1 27 14:30:03 200 g
ncle: | 607 Go6 600 1 42 14:30:45 600 = l | [!

I 1 I [ ‘ H
nc2: 1 2 5 4 3 142953 300 JI8 ” . I]' i ]| 1-
| .
ne3: 5 19 17 9 27 14:28:23 . H [ | D J | '
2 = nci0: ncl13: ncils: nel?: ncig: nc3: not:

ncs. 956 838 696 2 35 14:26:38 ncit: ncid: nci6: nci8: nc2: ncs: nc:
nc7: | 424 A27 A17 1 51 14:25:54 B ccicadnow M Y%load Smin I %Load 15min

nca; 285 277 271 (] 15 14:30:19



The Unified Database for offline data processing

] raw data processing _
- event reconstruction Lead'f\g and
physical analysis changing data
BmnRoot / MpdRoot
A A
|
v Y

C++ database
interface

<

(connect, SQL 1/O) %‘\ database
Post?gre_SQL

automatic backup

Web interface is required

Tango \
) 7
v Configuration,
N . Calibration,
Parameter

Slow Control System and algorithm data
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Database for events from
MC generators & experiments

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.

BM@N Runs and Geometries
Detectors and Parameters

Simulation Files Parameter Values

Account

<
')
9)
(92}
=<

v Hybrid UrQMD
VvHLLE_UrQMD
v 3FD(Theseus)

AN

BM@N Runs ©

Distribution of runs by run periods (show information on all
periods)

Perlod 1: 93

__y— Perledz M5

Period 3; 204

Poriod 4: 13
| Perlod 5: 200

Perlod 6: 488

Perlod 7: 1867

Simulation Files ¢

Distribution of simulation files by generators

vHLLE_UrQMD: 1388

UrQMmD: 15963

Exp. Data

Projectile Kr (T = 2.3 GeV/n)

Al (47.6 %)
2.14 MEvs

« d + C,AlI Cu, Pb
-« C+C,CH, Al Cu, Pb
 Ar+ C, Cu, Sn, Pb
e Kr + Cu, Sn, Pb
S
ey
ipts cor%

12,12 MEvs

= Pb (11.4 %)
Sn (24.5 %) 14.28 MEvs
30.75 MEvs

Cu (28.4 %)
1.28 MEvs Sn (24.0 %)
1.08 MEvs

"

3FD: 12411

. —— LAQGSM: 4231

PHSD: 87

QGSM: 3044

= 4 GeV, 3.5 GeV

4 GeV

3.2 GeV
2.94

Projectile Kr (T = 2.6 GeV/n)

Cu (32.2%)
14.43 MEvs

Sn (30.5 %)
13.66 MEvs

Al (29.6 %)
13.27 MEvs

Pb (7.8 %)
3.48 MEvs

Projectile Kr (T = 2.94 GeV/n)

Cu (100.0 %)
2.37 MEvs
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Runs configuration databases

f i,

&, BIVI@N DATABASE

punbe | Perod b Btart run date Efidd rian date Flle path (MICA chister) Beam | Target | Energy, Gev Events Fleitt File size, Mb Geametry i
| [ Al [ | i il [ |
12 20 B02-22 1000812 20r18-02-23 1 53R fdataBMEDmTdatat Tun Lrawimpd_runii2 dam a ia0 100 MU nun 17
2 20130222 16004 20 5-02-23 16002 .36 idaaB AR Bemdatad rurl rawimpd_rund3.data d 3,50 3,720 nuil nuk 7
14 201 502-22 160633 2015-02-23 180548 idataBMBbmndata iranrawimiod_rurd14.data d 3.50 214 null nut 1T
15 20223 10:401T 2015.02.22 189113 idataBMRbmndatatirunrawmpd_runi5.data t 350 a1 il nuf 7
8 2018-02-22 1842114 20130222 101303 {dataBMMBenrcdatadirund rawimpd_rurdi.data o 350 ke nuw nul 17
I7 201 302-22 16715709 2013-02- 223167300 sdataEMNBmmdata runlmwimpd_rund17.data t 300 22 e nut 17
18 JD;E-BJGZ 180104 20150222 1I::'I:n'.i.’.' .uutaEMIH'bnlmnm.'rer'rmmpd_ll'urma.u;m o 3.00 1255 nul nuk 17
il 2012-02-22 14223 201 8-02-23 200004 idataBMMBmndatad irar rawimpd_runil2d.cata it 1,50 24409 L nuk T
ar 20 B02-22 21:24.03 20r18-02-23 2125100 dataBMMEmmdata 'I.':rdn'l.'l'.mlm'lpd_.runllz?.dm d in e i nuf T
3z 201 3-02:22 2han8 2013-02-22 1436022 idataBRiMBrmdatad/runl raimpd_run032.data o 3,30 1 nul mul 17
k] 20 5-02-22 29303 20130222 1414 idataBMAETmdata tiran rawimipd_rurd33.data i 3.50 11 il nui 17
3 2r002-22 29:41:30 2013-02-22 21.53:00 (dntaBMRDmndatatirun rawimpd_rind3s.dota t 300 133 s nuf 1
a0 2018-02.22 0z200:00 20130222 00e00c00 (dakaBMrDmndatad ranrawimpd _rumd33.data d Ao 1434 o 5.0 T
a6 201 5-02-32 29:08:00 2013-02-22 223:0238 idataBMMbmndata i rawimipd_rundod.data t 280 a7 i nul 17
lill DD'I!-]}EEJ 12:;]:1-:3-'51 20150223 1.1':1129 .\:lntI:EIMlhl'bn|nc|n1n1.'r.1r.'l.'rnw|mpd_|l'unﬂ-¢ﬂ.r..1:|m a .50 445932 nul nuk 17
42 201202-22 2F3%A 201302-23 232732 {dataBMPUbmmdatad irnd rawimpd_runl<2.data ] 3,50 9,538 i ] IT
= 201 B02-22 223004 20r10-02-23 223208 fdataBMEDmdatat Tun Lrawimpd_rund<44. data a an0 10,673 MU nun 17
Rmfimai Page 1 BMX e ki Views 1 - {7 of 477
EMT MODE
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BM@N E-log database

'BM@N comman e-log, Page 1 of 106
.-l-U[ﬂP. ; F'ilnn' Lastcia_v
Date Shift Leader Type

2016-03-07 08;14:00

Z018-03-07 074879

2016-03-07 07.31°40

2018-03-07 07.065:41

2016-03-07 DadB18

2018-03-07 4. 20°02

2018-03-07 035247

2018-03-07 13:23:123

2018-03-07-02

2018-03-07 DF:24:48

Diryabsloy

Ciryabloy

Diryahlov

Dirgablov

Diryabsloy

Ciryabloy

Dryahlov

Diryablov

Diryablov

Dinyabloy

Neaw Run

New Run

Mew Run

Neaw Run

New Run

New Run

hew Run

New Run

M Run

2487 per.T

2485 per.7

2484 per,7

2483 per.7

2481 per.T

2480 per.7

2478 per,7

2478 per7

2477 per.7

2475 perT

Trigger

SRCTZ Full Trigger = IT & (X1
EVE(X2EYD)

SRCTE Full Trigger = IT & {X1
EY1)& (X2 V)

SRCTZ Full Trigger = T & (X1
& Y1) & (X2 &Y2)

SRCT2 Full Trigger = IT & {X1
EY1) & (28 Y2)

SRCTZ Full Trigger = IT & (X1
EVE(¥2EYD)

SRCTE Full Trigger = IT & {X1
EY1)& (X2 EV2)

SRCT2 Full Trigger = T & (X1
& Y1) & (X2 &Y2)

SRCTE Full Trigger = IT & {X1
& Y1) & (X2 &2}

SRCTZ Full Trigger = IT & {X1
Y1) & (2 &Y2)

SRCTZ Full Trigger = IT & (XL
EVIE(HZEYY

DAQ Status

All in except ECal and CSC

Al in except ECal and CSC

Al in except ECai and C5C

All'in gicept ECal and C5C

All in except ECal and CSC

Al in except ECal and CSC

Al in except ECal and C5C

All n except ECal and CSC

All'in except EC4l and CSC

All in except ECal and CSC

1800

1800

1800

1800

1800

1800

1800

1800

SP-5T, A VEMZ, A Beam Energy, GeV
o o c 347
o o c a7
o o c 347
o 0 (= 517
o o c 347
o o c 3T
o o c 347
o 0 c 3.17

[
o 0 (= 317
o o (= 317

n . 16 > =

get

H2 {300 mm)

HZ {300 mm)

HZ {300 mm)

H2 {300 mm])

H2 (300 mm)

HZ {300 mm)

HZ {300 mm)

H2 (300 mm)

H2 (300 mm])

HZ (300 mm)

.Nurnh.el:;f:!.tems per page: -.I'iO il Ln-;m

Comment

M=BC1&BCIAVCESRC{AND], beam 2x10°S beam
durafion 2-3 sec, Live time:~100%, #N-50kEvents,
decrease the TQOC threshold far new BC4 o 10,

IT=BC1&BC2AVCASRC{AND), beam 2x10°5 beam
duration 2-3seq, Live fime-=100%, #N E0kEvents,
decrease the TQDC thrashold for new BO4 to 10,

M=BC14BC2EVCASRC{AND), beam 241075 beam
duration 2-3 sec, Live hme ~100%, #M 50kEvents,
decrease the TQDC threshold for new BC4 to 10;

IT=BC1&BCIEVCESRC{AND), heam 3105 heam
duration 3-4- sec; Live ime:~100%; #N:50KEvents,
decrease the TQDC threshold for new BC4 to 10,

M=BC1&BC2AVCESRC{AND], beam 2x10°S beam
durafion 3-4 sec, Live ime:~100%, #N-50kEvents,
decrease the TQOC threshold far new BC4 1o 10,

IT=BC1&BC2AVCESRC{AND), besm 2x10°5 beam
duration 3-4 seg, Live time:=100%, #8-50kEvents,
decrease the TQDC thrashold for new BO4 to 10,

M=BC14BC2EVCASRC{AND), beam 2¢10°5 beam
duration 3-4 sec, Live hme ~100%, #M 50kEvents,
decrease the TQDC threshold for new BG4 to 10:

IT=BC1&BCIEVCESRC{AND), heam 2¢10°5 heam
duiration 3'sec. Live time:~100%. #N:50kEvents.
decrease the TQDC threshold for new BC4 o 10. Rat
of BCZBCI~04 & YCIBC1~D.44, nio contact wifi
Rukoyatkin Pavel started at nin #2474

M=BO1&BC2EAVCESRC(AND), beam 1 54105 beam
duration 3 sec, Live time:~100%; #N:51kEvents,
decrease the TQDC threshold for new BC4 o 10;

T=BC1EBCZEVCESRTAND), beam 1x10%S beam
-duiration 3 sec. Live ime:=100%, #N-18kEvents,
decrease the TQDC threshold faor niew BC4 1o 10,
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Event Display for the NICA experiments

based on EVE package

MPD event:
TPC reco tracks, FHCal and EMC towers
AuAu 11 GeV

Au-A

Au-Au E = 4A GeV

BM@N event :
Reco tracks
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Clustering in GEM

Honeycomb plates
# There are realistic hit finder in GEMs N

: N
(Garfield) TN

# For the GEM stations procedure of e
the fake hits  production is

implemented INKE |

/

2-D Readout board
Station 0 (what is it)
me@n
® —— Xbm@n
¥ TE - electric field
me@n £ : ¥ -_-'sji
= < B - magnetic field el ::. ey .
. GEM1 . ’g.ﬂ':
=.’. ;:gl.' -
e 8,
. e’g.
. ‘i‘",‘. *
5 rJ}%’ N 5 LI
AT - 1M FTTT "_‘z W L .y
¥ | nyns sy
W A §/.0 1 1 | reaoour >
[T} ae [T} ] ) B .
s ' R P
hif - ; L
VYV.(E) - mean electron velocity {ve) 3 2 .
<«V.(ExB) - mean electron velocity (ves) v ;::
kg
: 5 R
electron avalanches in the BM@N GEM g
chamber
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Realistic clustering in MPD TPC

150
100[

The hit reconstruction 50
algorithm contains the
following main steps:

1) Searching for extended
clusters in (Pad-Time) for
each pad raw.

2) Searching for peaks in
time-profile for each pad in”’
the found extended
cluster. -15q

0o

3) Combining the neighboring
peaks into resulting hits.

A5Q - ISR ATV STV AN A



Towards realistic TPC geometry
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Physics analyses

Temperature T [MeV]

I

=

=
=i

aslanun Apeg

Compact 5tars

el el 0

. ;.-' Quark-Gluon »

" £+ Plasma_ Taca- 0
Ta*® R

'--!':- "

NICA “»y" -

h:ﬂ ;_ﬂ'!. A-g
il

MNuclotron-M
"o," s

- - vl
Quarkyonic phase

& i

Color Super-
) stars  conductor

aryon density n/ ng
Ne=0.16 fm—3
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Hot NICA topics for HPC

U Physical generators
Monte-Carlo simulations with different physics input

U Detectors simulation
detailed detector description with realistic detector response
4 Tracks reconstruction
high efficiency for finding tracks with different methods
(deep learning & etc.) ~ 1000 tracks in event

4 BigData analysis
>10"° events, 1min/ev, ~2 years on our today resources
Multicore & multithreads computing
BigPanDA & GRID
Clouds and cloud services
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NICA center
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Thank for your attention
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