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Global sketch of the HEP
experiments NICA

Study of the QCD phase
diagram at low energies

MPD & BM@N

Physics goal

Software simulation study
(geometry, hits, tracking)

MpdRoot
BmnRoot
SpdRoot

|
Subdetector prototype } R&D

-—

(2
Frameworks

ystempntegration
sACAlIBIATION

Data Taking

Physics |Analysis Flow ...

Publishing Results
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FairRoot based frameworks

F;" _Mmi"_;
=1 g
/_ !
Panda decided
Start testing to join EIC
the VMC FairRoot: same (Electron SOFIA (Studies SHIP - Search
concept for Base package R3B Ion Collider On Fission with for Hidden
CBM for different . BNL) Aladin) Particles
- joined SPDRoot
experiments EICRoot

I e N EREETEE

4
1

First Rel MPD (NICA)
irs eLease GEM-TPC
of CbmRoot heing also ASYEOS joined || seperated from || ENSAR-ROOT BMNRoot
FairRoot (ASYEOSRoot) PANDA branch Collection of
(FOPIRoot) modules used by

structural

nuclear phsyics

exp.
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MPD/BMN/
4

FAIRRooOt

MPDRoot

SPDRoot design

[ Geant3 ] [ Geant4 ] [ FLUKA ]

[Ascu .GEO

GDML

ROOT Files
hits, digits,

geometry

[ Geolnerface ]—[

Run
Manager

Manager

Detector
Base

Magnetic
Field

Event
Generator Display

Event

1’0

FairRoot

~

ROOT/ASCII
configuration

& geometry
parameters

PostgreSQL

configuration
&

geometry

parameters

Const Field
Field Map

UrQMD
BOX
HSD

QGSM
SHIELD
HADGEN

Y

Event
Manager

Digitizer
ClusterFinder
KalmanFilter
PID

Unified
Database
Interface

MpdRoot / BmnRoot _/ /)
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MPD experiment at NICA

CPC ECal SC Col W2 TOF
Tracker |\ // ’ﬂll A

MPD event display
AuAus = 11 GeV

\ \‘\i\\_TP[ ) \'\[ryus'm_t
\GEM \IT

ECA L\‘ TOF
A L

FHCAL
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Realistic clustering in MPD TPC

The hit reconstruction
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.

3) Combining the neighboring
peaks into resulting hits.

Y, cm

150

100

20

-50

-100

'1'5-q5ﬂl 11

-100

150
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MPD TPC pad plane

150

100

-100—

o A 1 1 1 l 1 1 1 1 I_ 1 1 1 I 1 1 1 | ] J 1 11 | J 1 1 | -
Q50— 100 .50 0 50 100 150
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TPC endcap transparency

Distance from P, cm

800

500

400

300

200

100

Material budget in the MPD

I
w/o FEE

I'IIIIIIIIIIII}II—l_r-‘l_r|—|'r"|'-r

100 150 200 250 30(
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0 150 200 250 3C
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Tracking in the MPD TPC

Efficiency

Tof matching efficiency
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Software for physics analysis

/ \

MC - generators Physics analysis methods
P UrQMD + Flow

P QGSM * Femtoscopy

P Hybrid UrQMD + Dileptons

P VHLLE + Stopping power

P PHSD * Particles decay

P THESEUS (3FD) * .
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Strange and multi-strange baryons (NiCA)

Stage’1 (TPC+TOF): Au+Au @ 11 GeV, UrQMD

o, 1200 Invariant mass: @ — A+K |
% 100 e
b~ A S/VS+B = 14.8
on 80:_ S/B=8.5
: - eff. =1.1%
2 60F
p= C cak 87.78
& - pea
40: mean 1.673
20 sigma 0.0035
OPI 1 1 | 1 1 1 ¢

80(}“4| Invariant mass: A — p+ ©* ’7

1.65 1.7 1.75,
My GeV/C

L
s [
=
Z 600
2 B
= - Mass =1.1160
= - Aut+Au, 11 GeV & biiE
L 12ma = U,
K 4001~ \rinbias, 600k £
i S/B=7.0
200
0_ im | I L i i L h 1
1.08 1.1 1.12 1.14 1.16 ;
Mu‘mm’ GeV/e

Entries / 2 MeV/¢?

Entries / 1 MeV/c2

1000—

5001

| Invariant mass: =— A+ T ]

Au+Au, 11 GeV
Minbias, 600k

Mass = 1.3217
Sigma = 0.0026
S/B=4.1

6000—

4000—

2000

Au+Au, 11 GeV

| Minbias, 100k

S/B=35.1

Mass = 1.1160
Sigma = (0.0019

1 1 1 | 1
1.12 1.14

1 | 1
1.16

2
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Dilepton study

" Event generator: UrQMD+Pluto (for the cocktail) central Au+Au @ 8 GeV

" PID: dE/dx (from

ey 1.2:
E Nu
1‘15 ..................................................... ;
o [
1:_ R R R RS E
= o
0.9 ;— ----------------- ™
= w
0-8 :_ ......................................................................... 'E
0.7 i_ OTEUOO: OO .-, . e I.E
0.6 ;_ ....... - electroné |
0 5:_ ......... Il pions .........................................................
= Il protons : :
0_4;_ ......... B kaons ....................... hadron SUppreSSion
0.3 i — electron ?election ....................... up to 1 0_5
E I S AR SN T A MR RNE TR A T T A M R A |
0. 0.5 1 15 2 25 3 35
dE / dX, keV/em
- [__e'e invariant mass |
"':E 3000— N ) ooy it e : > t'_ :
% 0w~1 4 MeV/C —s— reconstruction
E RO ) - simulation
= : : :
=~ 3000 TN TR S TP UL L PTTPUPTRNIE || PP - PR TR .
2 residual
E ................................................................................................... had rOnS

108

TPC) + TOF (s ~100 ps) + ECAL

(NICA)

—— signal + bkg.

| e*e invariant mass

— e
—— m— 88

co I
14
M.., GeV/c?

e

S/B ratios for dileptons

NAG60

T TTTT

CERES :
MPD (sim.) |
CBM (sim.) |-
PHENIX

STAR
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g g g T Lo o L s
400 500 600 700
dN/dn
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Flow performance

v,= {cos[n(¢-¥, )} / R (¥, ) - azimuthal

Au+tAu@11 A GeV; GEANTS;
UrQMD (LAQGSM), 4M events

Ry {Wep

0.8

0.6

0.4

Wep 4

~n 0.6

0.4

0.2

event plane resolution

Au-Au, {s,,=11 GeV, GEANT3
O UrQMD @® true
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L 2 e
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A
el ] Lerrar sl By [rrardl Brerat e e S
@
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® . QQ
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e
5 s
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flow harmonics (v,/ v,)

> [ Au-Au, |5, =11 GeV, 10-20%, GEANT3, UrQMD
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- e ©® o
0.02} I
i s -
) i v i o o i e
il ot *
—0.02:— " ¥ A A
| il il .
N :
0.09F
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0.05F N é §
E a 8
L @ EI
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i-& e
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T 1 1.5

flow coefficients

R, (¥, ,) — resolution
correction factor

¢ - azimuthal angle of
produced patrticle
Y., , — event plane angle

event plane: FHCal
centrality: TPC
PID: TOF+TPC
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Entries / 3 MeV/c?

Hyper nuclel

Yield (dN/dy) for 10° events
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Directed flow slope

P. Batyuk et al. Phys. Rev. C 94, 044917 (2016)

v1(y) = {cos{¢p — Wpp)) = (Pxf\/.ﬂ,% + p2),

2.phase EoS, b = 6 fm crossover EoS, b=6fm
0.4 0.4¢
" | - B
0.3F 0.3F
0.2} 0.2;
» u.1;— B0t
g of 5 o
5 —0.15— B _0*15_ THEgEus ‘r
= - | = — THESEUS UrQMD
02, -0.2F e
C £ EBS5
-0.3F -0.3F STAR
L5 :""I""I""I""I""I'"'I""I""I""I'”' E||||I||||I||||'.I‘ﬁ'|1|gl‘lu||I||||I||||I||||I||||I||||
0'42345,.5?39101112 03 4 56 7 8 9 10 1112
Sy [GeV] \'Spn [GeV]

Energy scan of the slope of the directed flow (dv,/dy) of protons
for semicentral (b = 6 fm) Au+Au collisions
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Proton rapidity in Theseus

central semicentral peripheral

2-phase EoS, b=21m 2-phase EaS5,b=61fm 2-phase EoS,b=11fm
100 100,
solid line - THESEUS (b)

—— (5= 4.3 GeV (c)
—— {Euy = 4.7 GaV
- —— Y&y = 5.6 GeV
3 6 V5o = 6.4 GaV
% —— S = 7.7 GeV

- —— {5y = 9.2 GeV
—— {Eum = 11.6 GeV

dashed line - THESEUS w/o UrGMD

s 88

dN/dy

45858

crossover EoS, b=6tm
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K*/n* ratio THESEUS

2-phase EoS, b =2 fm crossover EoS, b =2 fm
0.3 ’ 0.3
u.zsf— 0.25-
0.2 + 0.2
‘|"H ﬁ
~ 0.15- ~ 0.15
+ -l&: +
X 4 0.1F - THESEUS
' - 4 |— THESEUS w/o UrQMD
[ [ — 3FH
0.05p 0.05- |- E802, E866, E895, E917
B [ —& NA4S
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\'Snn [GeV] \'Syy [GEV]
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Net-proton mid rapidity
Curvature

Yu.B. Ivanov, Phys. Lett. B721 123

(2013)
1 6 I v I - I | ¥ 2 ¥ L . v || i I v I v L] v I bl
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Directed flow slope

P. Batyuk et al. Phys. Rev. C 94, 044917 (2016)

v1(y) = (cos(¢p — Wgp)) = (Pr/\/Pi T Pg%)f

2-phase EoS, b =6 fm
Y 0.4r
N

0.3F 0.3

0.2F 0.2

0.1 _;,_ 0.1

0f -

0.1F g -0.1f
0.2} 0.2}
0.3f 0.3}

Energy scan of the slope of the directed flow (dv,/dy) of protons for

crossover EoS, b =6 fm

~—— — THESEUS w/o UrQMD

L
—— EB895

—— STAR
+ HM!

“2'3 45678 9101112
(S [GEV]

semicentral (b = 6 fm) Au+Au collisions
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Femtoscopy @ NICA

Cf(?[) =N (l + AEKP{ﬁREutqumi. i Hfideqszide s 'Jznngqlzqug))
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VHLLE+URQMD MODEL
Phys. Rev. C 91, 064901 (2015)

B (a)

__' 4 v

- [] STAR data
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STAR data (0.15 < k, < 0.25 GeV/c, 0-5% centrality)

20/37



Femtoscopy @ NICA

Clq)

g  meE. = b
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VHLLE+URQMD MODEL
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STAR data (0.15 < k, < 0.25 GeV/c, 0-5% centrality)
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BM@N: fixed target experiment at

NICA

Year

Beam

Max.inten

Hz

Central
tracker
status

al status

sity per spill
Trigger rate,

Experiment

2016

d(t)
0.5M
5k

6 GEM half
planes

technical
run

2017
spring

C

0.5M

5k

6 GEM half
planes

technical
run

2018
spring

ArKr,
C(SRC)
0.5M

10k

6 GEM half
planes +

3 small Si
planes

technical
run+physics

2020

M
10k

7 GEM full
planes +
small +
large Si
planes

stagel
physics

2021
and later

Au,p
5M
20k—50k

7 GEM full
planes +
small +
large Si
planes

stage2
physics

o

—

=

W o N o o AW N

o

Analyzing magnet
MWPC

Recoil (+ToT)

ST (Silicon Tracker)
GEM

TOF1(mRPC)

CPC

Straw

DCH

TOF2(mRPC)

ZDC

22/37






BM@N Geant geometry



mailto:BM@N

Monte-Carlo tracks (all charged)

AuAuE =4.0GeV |
I
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BM@N reconstructed tracks
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Clustering in GEM

# There are realistic hit finder in GEMs

< For the GEM stations procedure of
the fake hits  production is
implemented

me@n
®—— Xbm@n
¥ 1 E_ T E I, TE - electric field
Zbm@n e| “E
2 E . * B - magnetic field
0 xXB L B v
E [ GEM 1
£ | Ee f_
E it GEM 2
E. Iy
- [ {18
:; E i"(" '} "
ToeE M& "
e B I - 45 GEM 3
Nk - Wns
- E . (R ) RespOUT
T 06 2] 1

¥V.(E) - mean electron velocity (ve)

<V.(ExB) - mean electron velocity (ves)

electron avalanches in the BM@N GEM
chamber

Honeycomb plates
GEM foils

N
j s

2 mn, TRANSFER]

Zmm TRANSFERZ X

o

/
2-D Readout board

Station 0 (what is it)

LA T)
ik

....,.
L e 2y
. "

. .
e [+ me_ s

e X

- - -e

¥
-

3,

ML DO &

. A ‘ :
. 2

' . we o000
) lc'. ‘lc i)
. e ", ¥
. de 3 8

. AR Y

o T

' ': {-!.
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BM@N tracking

o
=]

Efficiency, %

B o)
o =

no
(-]

Generator: QGSM, ArPb (T = 3.2 GeV/n), minbias, 2k events

Magnetic field: B=0.59 T

—— Efficency | mean = 72.4
—— (Ghosts | mean= 10.0
—— Clones | mean= 0.7

T T T T T T T T

3 4
P,./d, GeV/c

(AP/P), %

—h

CFD_LI'\)(.O-F&LHG'J“'JQJ@D
|

P /a, GeV/c
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Entries/ 1 MeV/c?

Entries / 1 MeV/¢?

( beam
kin
2500,—| Invariant mass: A - p+ ©n (C+C,Cu,Al) }_
| Mass = 1.1158
2000 Sigma = 0.0027
i S/B=0.2
I S/{S+B =268
1500/
i
4
10007
- I | | I TS T N N SR
1.1 1.12 1.14 1.16 1.18
2
M,y GeV/e
——| Invariant mass: A —p+ m (C+Cu) ——
1000— +
T Mass = 1.1159
i Sigma = 0.0025
800 S/B =02
S/S+B =165
ﬁﬂll}
g Signal 1527
400— :
. | I

BM@N A° reconstruction
= 4.0 AGeV)

M GeV/e?

(o

) I L L | ! L | | I L | i L
1.1 1.12 1.14 1.16 1.18

Entries / 1 MeV/c?

Entries / 1 MeV/c?

400

300

200

1000

800

600

40(r

_—l Invariant mass: A —p+ © (C+C) ‘—

Mass =1.1159
Sigma = 0.0027
S/B =02
S/VS+B=10.8

b

i #' Fif N

i Signal 646

T
—-—

L L L L | L L | |
1.1 1.12 1.14 1.16 1.18

- 2
M, - GeVie

Invariant mass: A —p+ © (C+Al

Mass = 1.1156
Sigma = 0.0028
S/B=0.2

S/VS+B=16.7

v
+
. Signal 1570
[ L | L L L | L I L | L L L | L L L |
1.1 1.12 1.14 1.16 1.18
M, GeV/c?
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Event Displays for the NICA experiments

based on EVE package

MPD event data:
TPC hits and EMC towers

Au-Au

Au-Au E = 4A GeV

BM@N event data:
GEM points and reconstructed tracks
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Event generators + exp. data
databases

BM@N Experiment BM@N Runs © Simulation Files ©

Database Distribution of runs by run periods (show information on all Distribution of simulation files by generators

eriods)
documentation P /

The Unified Database Is designed as a

comprehensive relational data storage for

offine data analysis in the fixed target VHLLE_UrQmD: 1389 |

experiment BM@N of the NICA project. The Period 1: 93 leezs

use of the BM@N database provides correct N e ‘ ey
multi-user access to actual information of the KR sl

Perlod 4: 13
experiment for data processing. f
Perlod 5: 200 UraMD: 15963

BM@N Runs and Geometries

Period 6: 468
Detectors and Parameters Perlod 7: 1887 “——— LAQGSM: 4231
PHSD: 87
Simulation Files Parameter Values _
Account

v UrQMD
v QGSM Interactions 32902 files
v PHSD AuAu MC Energy s ~ 10° events
2,4,7,9, 11
pC MC+exp for each

v Hybrid UrQMD CC interaction
v vHLLE_UrQMD
v 3FD(Theseus) 137



Data... Data... Database

= physical analysis

BMNRoot
A

v

- raw data processing %
event reconstruction changing data %
&

reading and

C++ database

interface
(connect, SQL 1/O)

-

-
7S,
%A

",

e,

central
database

Postgres, SQL
automatic backup

S S

simulation  existing configuration,  geometry
database calibration, parameter database
and algorithm data
(HTML, Excel, TXT)

Web interface
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NICA distributed computing

HybriLIT

Computation component HybrilIT

Belarus

Poland
(WUT)

TOTAL RESOURCES
252CPU cores;
77184 CUDA cores;
182 MIC cores;
~2,5Tb RAM;
~57Tbh HDD.

SR

Test Gittah  helpdesk  development

CGsspis Ehase Basic A OpenNebula o = I“J
uperBlade assis including 10 . devel t | =il i
calculation blades for run user tasks. HybriLIT e[;:tgg glin testbed ‘*ﬁr i *
services = [l, -
LHEP : OpenNebula S PanDA o L:.!J ‘_.é |ﬁ5l
~ NICA | development testbed =
NICA cluster testbed N

@m@@\ N A B

VMs 3 BES PII,.. —

DesktopGrid

10/ 1E

NICA center]

2018 year: August

Jobs CPU time Wall time
S number (kiloSPECInt2000*hour) (kiloSPECInt2000*hour)
mpd 2517 45892.88 46287.04
LT 35 43415.25 4093.52
Inovai 28636 38951.69 74460.88
compass 8110 16663.03 42517.94
DLNP 3430 11016.49 17784.63
Ibes 5771 1653.52 6732.95
VBLHEP 1 9.17 9.17
BLTP 2 0.53 0.54
Istar 2 0.01 0.14
Total CPU time used: 157602.58 kiloSPECInt2000*hour

33/37



Reports for NICA at this conference

Geometry Database for the CBM experiment and its first
application to experiments in the NICA project

Elena Akishina, Evgeny Alexandrov, Igor Alexandrov, Irina Filozova, Volker Friese,
Victor Ivanov, O. R., Konstantin Gertsenberger

Current workflow execution using job scheduling for the NICA
experiments

Konstantin Gertsenberger, O.R.

Possible application areas of machine learning techniques at
MPD/NICA experiment and their implementation prospects in
distributed computing environment

Dmitry Zinchenko, Alexander Zinchenko, Eduard Nikonov
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NICA advantagies

J. Cleymans
MPD collaboration Meeting April, 2018

v Maximum in K* /7t* ratio is in the NICA
energy region,

v Maximum in A/7t ratio is in the NICA
energy region,

v Maximum in the net baryon density is in
the NICA energy region,

v’ Transition from a baryon dominated
system to a meson dominated one happens
in the NICA energy region.
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Nuclotron based lon Collider fAcility

Beams — p,d(h).."’Au’®*

Collision energy Vs= 4-11 GeV/u (Au), 12-27 (p)
Beam energy (fixed target) - 1-6 GeV/u
Luminosity: 1027 cm=2s'(Au), 1032 (p)

Experiments:
2 Interaction points — MPD and SPD
Fixed target experiment BM@N

Fixed target experiments area (b.205) o e

Extracted beams from Nuclotron

HV
e-cooler

KRION-6T and HiLac
(3.5 MeV/u)

Multi-Purpose Detector (MPD)

Booster (3-660 MeV/u)
Inside Synchrophasotron Yoke

Nuclotron 0.6-4.5 GeV/u

37137
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