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Physics problem

Study of in-medium properties of hadrons and nuclear matter equation of state, 
including a search for possible signs of deconfinement and/or chiral symmetry 

restoration phase transitions and QCD critical endpoint

J. Randrup and J. Cleymans, 

Phys. Rev. C74, 047901 (2006).
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http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome

NICA White Paper

I. General aspects

II. Phases of QCD matter at high baryon density

III. Femtoscopy, correlations and fluctuations

IV. Mechanisms of multi­particle production 

V. Electromagnetic probes and chiral symmetry in  

      dense QCD matter

VI. Local P and CP violation in hot QCD matter

VII. Cumulative processes

VIII. Polarization effects and spin physics

IX. Related topics
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MPD Conceptual Design Report

1. MPD Physics Goals

2. MPD Concept

3. Trigger, DAQ and Computing

4. Integration and Services

5. Simulation and Detector                    

     Performance

6. Physics Performance

7. MPD Project Cost and Timelines

http://nica.jinr.ru
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MPD tasks
The NICA/MPD project is aimed to study of hot & dense baryonic matter 

at A=1-197, SNN =  4 - 11 GeV/u, L = 10 27 cm-2s-1

➢ bulk observables (hadrons):

    4 particle yields

➢  multi-strange hyperon production :

   yields & spectra

➢  electromagnetic probes 

➢  event-by-event fluctuation in               

               hadron  productions 

➢  correlations involving  , K, p

➢  directed & elliptic flows for                   

               identified  hadrons

Particle yields in Au+Au collisions  √sNN = 7.1 GeV
Luminosity  L = 1027cm-2s-1   Event rate (central) 700 Hz
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 1-st stage 

barrel part

 Magnet, TPC, TOF, Ecal, 

ZDC, FFD, BBC  …

2-nd stage 

IT, ECT ...

 3-d stage 

FS (optional ?)

...

MPD design
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TPC design
Requirements

✔ low material budget, max. transparency 

    for forward tracking 

✔ high event rates (up to ~ 7 kHz)

✔ small distortions, stable conditions, Br/Bz  < 5*10­4

Challenges

✔low material budget, max. transparency 

    for forward tracking 

✔ high event rates (up to ~ 7 kHz)

✔ small distortions, stable conditions, Br/Bz  < 5*10­4
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TPC performance

Energy loss distribution
 in the  TPC

Tracking efficiency

Primary vertex resolution 
with TPC and TPC+IT

Particle transverse momentum 
resolution

∣∣1
Event rate≈7 kHz
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TPC prototype

Electric field – 140 v/см

Drift distance – 40 см

Pad Plane:

 Two sets of 4x10 mm   

    and 6x12 mm pads

  256  channels of          

    readout electronics
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TOF performance
e/π separation efficiency

e±e±

π
±

π
±

TPC dE/dx + TOF information
    improve e/π  separation

Multigap RPC

m2
= p2 c

2T 2

L2 −1

∣∣1.2
ToF=100 ps

TPC TOF matching efficiency
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EMC performance
n/γ separation efficiency

Efficiency of neutron identification - 95% with 3% of 
photon contamination

~18X0
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ITS progress
Important for strange particles and hyperons study

Results for physics analyses will be shown later
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ECT progress
Granulated thin walled drift tubes

Beam test at SPS 2009

straw
anode segments

    (any length along the anode)

 low mass/size exotic
 spacers and joints 

  wires for the external
 connections
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ZDC prototype

Beam test of 3x3 supermodule at low energies          
         (May 2010)
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Physics Analyses
 Feasibility Study
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Strange particles reconstruction

Signal
background

=7.6

Signal
background

=5

UrQMD AuAu
√s = 9 GeV/u

b = 0 ­ 3
1000 events
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Hyperons
41529 central (0-3 fm) Au+Au @ 9 GeVTrack acceptance: in TPC with || < 1.3 , N

hits
 ≥ 10  & reaching outer TPC layer

“Perfect” particle ID

         Estimated particle yields (central AuAu collisions at s = 9 AgeV,
        event rate 300 Hz)
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Flows
Direct

Elliptic

x

z

v1=〈 pxpT 〉

v2=〈 p x
2
−p y

2

p x
2
p y

2 〉

dN 

d
∝1  21, cos  22, cos2  ...

=−RP

Reaction plane
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Dileptons

Electron selection:
if (p >= 0.3 && dE/dX > 1.7 ||   p < 0.1 && dE/dX < 2.2)

if (p
t
 > 0.1 && p < 0.3)     ellipse in β-dE/dX

20M events: Pluto hadron cocktail with
decays to electron pairs

10k events: UrQMD central (0-3 fm) Au+Au
@ 7 GeV (25 GeV fixed target)
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Femtoscopy
Can be measured with MPD
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Fluctuations
event-by-event dynamical fluctuations  for K/π-ratio
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Chiral Vortaic Effect estimation
Neutron asymmetries @ NICA 

   ( O.Teryaev's report & arxive 1006.1331 (hep-ph) )
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MPD collaboration
Joint Institute for Nuclear Research 
 Institute for Nuclear Research, RAS, RF 
 Bogolyubov Institute for Theoretical Physics, NAS, Ukraine
 Nuclear Physics Institute of MSU, RF
 Institute Theoretical & Experimental Physics, RF
 St.Petersburg State University, RF
 Institute of Applied Physics, AS, Moldova
 Institute for Nuclear Research & Nuclear Energy BAS, Sofia, Bulgaria
 Institute for Scintillation Materials, Kharkov, Ukraine
 State Enterprise Scientific & Technology
    Research Institute for Apparatus construction, Kharkov, Ukraine
 Particle Physics Center of Belarusian State University, Belarus
 Department of Engineering Physics, Tsinghua University, Beijing, China
 Physics Institute Az.AS, Azerbaidjan 

Members of the Collaboration
 JINR                    ~ 100
 Other institutes    54
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SUMMARY

Work in progress according to the 
time schedule
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