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Heavy ion collisions at NICA
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Å Amega-scienceprojectNICA,Dubna, JINR

ÅModernizationof existingNuclotronfacility

Å Parameters:
Å relativisticionsup to Au,ҞsNN =4-11 GeV
Å polarized p and d,ҞsNN= 27GeV(for p)
Å luminosity1027cm-2s-1

ÅWorkingexperiment: BM@N(fixedtarget)

Å Experiments under construction: MPD, SPD
(collider)

Å Studyof the phase diagram in the 
region of high baryonic density and 
intermediate temperatures

Å Extension ofmodern heavy-ion 
programs at RHIC and the LHC to 
lower energies



Thermal radiation in heavy ion collisions

Å Photons leave the medium without interaction

Å Black body radiation: inverse slope proportional to Teff

3

Thermal photons from QGP Thermal photons from hadron gas

direct photons



Effective temperature vs energy
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Flow of direct photons
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Spatial asymmetry of the initial state 
translates into the momentum asymmetry

Elliptic flow of direct photons

Direct photon puzzle: 
Å flow of thermal photons is similar to charged pion flow
Å thermal photons are predominantly emitted at early 

stages ςno time to develop significant flow



Photon reconstruction: two methods
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Calorimetry

Photon conversions

ÅElectromagnetic calorimeters
ÅEfficient at pT> 2 GeV/c
ÅHardware trigger capabilities

Å Photon conversion ɹҦe+e- in the material
Å P= 1 ςexp(-7/9 x/X0)

ÅEfficient at 0.5 <pT< 4 GeV/c
ÅMuch better resolution at low pT



Conversions atMPD
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Main conversion structures in Stage 1:
Å Beam pipe: 0.3% X0

Å Inner TPC barrel structures: 2.4% X0

Future:
Å Inner tracking system

ÅCMS Energy: 4-11 GeV 

ÅDesign luminosity: 1027cm-1 s-1

ÅStage 1: TPC, TOF, ECAL, FHCal, FFD

ÅStage 2: + ITS + EndCap



Conversion reconstruction efficiency
Å Studied with MPDROOTStage 1 setup

Å Using MpdParticleto build secondary vertices

Å Cuts optimized to maximize signal significance

Å Contribution of (non-gamma) background < 5%
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Typical cuts on electrons:
Å | |́<1
Å pT > 50 MeV/c
Å at least 20 hits in TPC
Å +/-4 èlectron PID in TPC/TOF

Typical cuts on dielectron pair:
Å Small DCA (̝2 < 10)
Å Vertex R > 10 cm
Å Direction to vertex: 
ʻ < exp(-2.777-2.798*pT) + 0.0175

Å mee< 0.022 + 0.017*pT[GeV]
Å eeplane orientation wrt B:
ʌPair< 0.1 rad



pT-differential direct photon yields
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PHENIX, PRL123, 022301
Khachatryan, tǊŀǎȊŀƱƻǿƛŎȊEPJC 80(2020)670

Å Universal scaling of pT-differential direct photon yieldsat moderate pT is observed at RHIC/LHC

Å It can be used to predict pT spectra of direct photons at NICA energies for pT > 0.6 GeV/c

Å Switch to thermal spectrum at pT< 0.6 GeV/c: dN/dpT~ pT exp(-pT/T)

Å Using conservative effective temperature T = 150 MeV (see e.g. PRC93 (2016) 054901)

power law thermal 



Challenge: decay photons
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Relative contributions of different hadrons to the 
total decay photon spectrum as a function of the 
decay photon transverse momentum

ALICE: Phys. Lett. B754 (2016) 235

Inclusive photon spectra are 
dominated by decay photons


