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Motivation
• Dileptons represent a clean and penetrating probe of hot and dense nuclear matter, as they
do not interact strongly

• Aims of studies are in-medium modifications of vector meson properties and chiral
symmetry restoration

• Reflect whole dynamics of a collision, from first nucleon-nucleon reactions to final
freeze-out ⇒ Correct description of dynamics essential!

• Transport models → Difficult to implement medium modifications
• Fireball models → Might oversimplify the physics
•How can one combine a microscopic description of nuclear reactions with in-
medium spectral functions?

The Coarse-Graining Approach

• An ensemble of several hundred events from calculations with the UrQMD model (Bass
1998, Prog. Part. Nucl. Phys. 41) is put on a grid of small space time cells

• For each cell we determine the baryon current jB and use Eckart’s definition to determine
the rest frame properties for energy and baryon densities

• Use equation of state to calculate the local temperature T and and baryochemical
potential µB

• Pion and kaon chemical potentials are extracted in Boltzmann approximation
• Equation of state for a free hadron gas (Zschiesche 2002, Phys. Lett. B547) without any
phase transition is used

• To account for QGP emission at high collision energies, we assume that cells with T above
175 MeV contribute only to the Quark-Gluon radiation

• Lepton pair emission is calculated for each cell of the 3+1-dimensional grid, using thermal
equilibrium rates per four-volume and four-momentum from a bath at T and µB as related
to the retarded current-current correlator (Rapp 2000, Adv. Nucl. Phys. 25):
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with lepton phase space L(M2) and Bose factor fB
• For the vector meson dilepton emission we apply in-medium spectral functions calcu-
lated from hadronic many-body theory (Rapp 1997, NPA 617)

• As the largest in-medium modification is expected for the ρ we concentrate on this contri-
bution here

• Medium modifications of the ρ propegatorDρ include interactions with pion cloud of hadrons
and direct scatterings off mesons and baryons:
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• To account for non-equilibrium effects of the pion dynamics, we implement the chemical
potential µπ as an overall fugacity factor zπ = exp(µπ/T)

•QGP contribution is evaluated as qq̄ annihilation with hard thermal loop improvement
(Braaten 1990, PRL 64)

• Emission from multi-pion annihilation is taking the mixing effect on the vector-isovector
current correlation function into account (van Hees 2008, NPA 806):
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with the mixing parameter ε

Results & Discussions

• Coarse-Graining of UrQMD gives a realistic picture of the collision evolution (see Fig.1)
• Energy and baryon density are by no means homogeneous in the whole fireball ⇒ Different
expansion dynamics might lead to significantly differing dilepton spectra
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Figure 1: (Left) Longitudinal profile for 158 AGeV In+In collisions at times t=2fm and t=5fm. (Right) Time
evolution of temperature and chemical potential in a central cell at different bombarding energies.

• With increasing beam energy temperature rises and baryon chemical potential de-
creases → Less baryon dominated at higher energies

• In the NA60 case, the baryon chemical potential is much lower than at SIS and FAIR energies
but by no means negligible and still has an importrant impact

Invariant Mass Spectra - Comparison with Experiment
• Good agreement between our dilepton calculations with the Coarse-Graining approach and
experimental data from HADES and NA60 (see Fig.2)

• Comparison with the case of no baryons shows the importance of baryonic effects for
the low-mass enhancement
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Figure 2: Comparison of our calculations with the invariant mass spectra for the µ+µ− excess in In+In
collisions at 158 AGeV from NA60 (left) and for the e+e− yield in Ar+KCl reactions at 1.76 AGeV measured
by HADES (right).

The Future: HADES & CBM at FAIR
• The future FAIR facility will provide the possibility for further detailed studies of a re-
gion of the phase diagram, where we expect strong baryonic effects and medium-
modifications of spectral functions (see Fig.3 below) due to the high values of µB
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Figure 3: (Left) Total dielectron yield for Au+Au at 1.25 AGeV with an in-medium ρ and, for comparison,
a vacuum ρ. (Right) Invariant e+e− mass spectrum for Au+Au at 8 AGeV.

Summary & Outlook

• The Coarse-Graining successfully describes the dilepton yields at different energies
• Results agree with calculations within a fireball model (e.g. van Hees 2006, PRL 97)
• Further studies: Influence of different spectral functions / different EoS on the results
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