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« NICA project and MPD detector geometry

< Hypernuclei in HIC

« Track reconstruction tuning

« New dEdx in TPC: from GEANT3 to Garfield++

+ New PID performance in TPC & TOF (n-sigma method)
+ Realistic reconstruction of hypernuclei

« QOutlook
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NICA complex and NICA physics ~)

+ New flagship project at JINR (Dubna)
+ Based on the technological development of the Nuclotron facility
CCEEENEEN - Optimal usage of the existing infrastructure
+ Modern facility incorporating new technological concepts
NICA parameters:

Beams: p, d(h)..1%Au"*

Collision energy: 4-11 GeV (nuclei)
Luminosity: 1027 cm2st (Au), 10% (p)
- 2 Interaction points: MPD and SPD
B o spiger Fixed target: 1-6A GeV beams

Experimental strategy: energy and system size scan to measure a variety of signals systematically changing collision

parameters (energy, centrality, system size). Reference data (i.e. p+p) will be taken in the same experimental conditions

Bulk properties, EOS: particle yields & spectra, ratios, femtoscopy, flow

In-Medium modification of hadron properties: dileptons and resonances

Deconfinement (chiral) phase transition at high rg: strangeness, Chiral Magnetic (Vortical) effect
« QCD Critical Point: event-by-event fluctuations and correlations
« YN, YY interactions in nuclear matter: hypernuclei
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Multi-Purpose Detector @ NICA 4

CPC
Tracker

Requirements to the apparatus:

Hermeticity, homogenous acceptance : 2z in azimuthal angle
Highly efficient 3-D track reconstruction (|»|<2), high resolution vertexing

Powerful PID: #z/K up to 1.5 GeV/c, K/p up to 3 GeV/c, ECAL for y, e
Careful event characterization: impact parameter & event plane reconstruction
Minimal dead time, event rate capability up to ~ 6 kHz

TPC \Cryostat
IT

To study hypernuclei, MPD detector must be able to
detect and identify light nuclei in a wide rapidity range

Stage 1: TPC, TOF, ECAL, ZDC, FFD+ITS(OB) as well to have a good capability for precise secondary
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HIC: Hypermatter production

Hypernuclei — strange nuclear systems (S=-1, -2, ...)

+ Contain one (or more) hyperons (4, X or =) instead of a nucleon No hyperon target available. No hyperon beam available.
However, YN and YY interaction can be investigated:

* Give access to the third dimension of the nuclear chart (strangeness) W eyt R e ol B o e te SR R o e e e I
« Lifetimes close to free 4 (weak decay) and hyperon
« Precise information on YN interaction: nuclear EQS, astrophysics Duality: Nuclear <= Particle Physics

« Hypernuclei ground, excited states and life times: critical assessments
for QCD calculations and model predictions

« Production mechanism of bound states with hyperons: coalescence
Versus spectators-participants interactions, exotic states, dibaryons
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The first hypernuclear measurement by Danysz and Pniewski
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HIC: Multy-hypernuclear production 6
Statistical model: DCM-QGSM model:

A.Andronic, P.Braun-Munzinger, K.Gudima, V.Toneev Journal of
J.Stachel, H.Stocker Nuclear Physics, 42 (1985) 3

Physics Letters B 697 (2011)

Au(11.5 A GeV/c)+Au

o Data(Au+Pb,AutPt) PRL83(1999)
model:
e npdt>He*He

o AVIOPH, H, "He, Expected yields (Stage’2)

3 H for MPD (10 weeks) @ 5 GeV: 9 10°
4 He for MPD (10 weeks) @ 5 GeV: 1 10°

—— 25.0/49.7"
—— 37.7/50.1*"
—— 5,0/48.0™"

NICA energy range

In heavy-ion reactions: production of hypernuclei through coalescence of 4 with light frafments
Maximal yield predicted for Vs, = 4-5 GeV (statistical model)
=== NICA energy range is ideally suited for the search of (duble) hypernuclei
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Main goal:

— realistic hypernuclel reconstruction with realistic MPD performance

TEEN 1547 4771, Phopsics of Partickes and Nucle! Lediers, 2015, Vol 12, No. i, pe. 100 112, & Plckades Pub,

METHC
OF PHYSICAL l-‘LPl- RIMENT

Evaluation of the MPD Detector Capabilities for the Study
of the Strangeness Production at the NICA Collider!

M. Tlievae, V. Kolesnikove, \u Munn D. Suvarieva®, V. Vasendina®, A. Zinchenko®*,

DROI: 10.1134/51547477115010136

1. INTRODUCTION

The primary goal of the NICA {Nuclotron-based
lon Collider he.m ion program [1] is the

study ul lear matter under

over, the
parameters

range perform b
density in central coll vy jons has a maximum
in the energy range 3A to 9A GeV. So, the

energy range of the NICA collider (4 < /5 < 11A GeV)

he strangeness produc-
d for measurements of

aver, it ha_ IeLentl\ been ohened b\ the ‘:TAR E\pET

First hypernuclei simulation with early version of MPD
and simplified track reconstruction in TPC
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Software development:
Towards a realistic simulation of the MPD / NICA

* PEATMCTUYHOE ONKMCAHUE OTKJIMKA JETEKTOPOB , CO3/IAHUE U
HAaCTPOMKA aJITOPUTMOB PEKOHCTPYKIIUU CUTHAJIOB B ICTEKTOPAX

* peajucTUYHas MpoLeIypa peKOHCTPYKIUU TpekoB B TPC

* ONKMCaHKWe MOHU3AIMOHHBIX MoTeph B raze TPC Ha ocHOBe
moaenupoBanus B Garfield++, xoropoe cornacyrorcs ¢ manabiMu STAR

* . HOBas peajuCcTUYHAs UACHTU(UKAIINS JICKTPOHOB, aJIPOHOB U
nerkux siaep B TPC u TOF

Software requirements for hypernuclei simulation:

- KauecTBeHHast pEKOHCTPYKIUS TPEKOB AAPOHOB U JIETKHUX SIAEP

* XOopolee BOCCTAHOBJIEHHUE TIEPBUYHON BEPIIUHBI U BEPIIUHBI
pacmnazaa

*  Bricokast 53)(heKTUBHOCTD UJICHTU(PUKAIIMU KaK aApPOHOB, TaK U

JICTKUX AJCP P
. Drnoyan



MPD tracking tuning @

More details in A. ZInchanko's talk
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+ Based on realistic event simulation within
the MPDRoot framework

« High tracking efficiency over the reaction
phase-space

—— Primaries

— Secondaries
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«  Good vertexing
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New dEdx in TPC @ 9

More details in I.Rufatov's talk
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dEdx vs momentum for TPC/MPD
Box generator (e, z, K, p);

Curves — STAR standard function

2 x]  (Bicshel's functions)

2 2.5
UG [NIM A558 (2006) 419-429]

p (GeV/c)

ALICE STAR MPD

85% Ne mixtures
- From GEANTS3 to Garfield++ parameterization

of energy loss in P10 gas mixtures in TPC
« Good agreement with STAR data

N rows x pitch (mm):
Inner pads 64 X 7.5 mm 13 x 12 mm 26 X 12 mm

Outer pads 64 x 10 mm 32 x 20 mm 27 X 18 mm

Outer-2 pads 32 x 32 mm
P PSITE = El0 alf, A5 MISEE Comparison of TPC in ALICE, STAR, MPD
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New PID performance

Combined (dE/dx+TOF) PID for hadrons
provides z/K up to 2 GeV/c and K/p up 3 GeV/c
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Mass square calculated using the measurements
of momentum (p), time-of-flight (T) and
trajectory length (L):
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Data set . 11
@

- Generators: DCM-QGSM, Au+Au @ 5 GeV, central, 0.9M events, signal mixing technique
Detectors: start version of MPD with up-to-date TPC & TOF

« Cluster / hit reconstruction: precluster finder (group of adjacent pixels in time bin — pad space);
hit finder (“peak-and-valley” algorithm either in time bin — pad space (for simple topologies) or in
time-transverse coordinate pixel space after Bayesian unfolding (for more complicated topologies) )—
COG around local maxima

- Track reconstruction: two-pass Kalman filter with track seeding using outer hits (1st pass) or
leftover inner hits (2nd pass)

« Track acceptance criterion: |5|< 1.3, N, =10
energy loss simulation in gas TPC: with Garfield++
PID: dE/dx in TPC & m?in TOF (n-sigma method)
- Vertex reconstruction: Kalman filter based formalism working on MpdParticle objects
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Hypertriton reconstruction 12

R ]
AHe” > p+d+m

Mass = 2.9924
Sigma = 0.0029
S/B=4.7
S/{S+B =10.3
Eff. =0.6%

Entries / 2 MeV/c?

Table: 3 H decays

Decay channel

Branching ratio | Decay channel | Branching ratio

Mesonic decay of 3 ,H: Event topology T +p+p+n
PV — primary vertex

« V, — vertex of hyperon decay
dca — distance of the closest approach d+n

path — decay length

7%+n+n+p

p+n+n
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H* and ,He# reconstruction

JH s He'+

3 )
JHe' s He’+m

Mass = 3.9264
Sigma = 0.0018
S/B=1.3
S/VS+B =13.3
Eff. = 1.4%

Mass = 3.9259
Sigma = 0.0024
S/B=6.2
S/S+B=09.1
Eff. =0.4%

Entries / 2 MeV/c?
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Mesonic decays of ,H“*and ,He*
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Thank you for attention!
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